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Kumasi.  t  Jhana  (Colorasio  esculriil(i) 

-  R.R.  Schippers,  De  lioeier  7,  3742  tiD  Baarn.  Netherlands  (Apiuni  gnticoU  iis, 
Brassiea  carinaia,  Brassiea  juncea,  Corchorus  aspleu  ifolius,  Covchorus  triloeu- 
laris,  Crotalaria  ockroleuoa,  GaUnaoga  parviflora,  Gnetum  afrieanum,  Gnetum 
buchholzianurn.  Hibiscus  acetosella.  Hibiscus  caper^  Launaea  cornula,  Nastur- 
tium officinale.  Praecifnillus  fishilosis.  Psophocarpus  scandens.  Rapbauus  sati- 
vum. Snlaniini  scabrurn.  Snfanmn  tardevrmohiw .  Solaiiiini  Ion  uni.  Soiichus  ol- 
eraceus,  Jaluiu/n  friangulare,  Telfairiu  occiden talis,  Tnumfelta  annua,  Urtica 
massaica,  associate  editor) 

-  A.  Seek,  Horticonsult,  B.P.  26,  130,  P.  Assainies,  Dakar,  Senegal  {Solanum 
aethiopicum) 

-  A.A.  Seif  ICIPE,  P.O.  Box  30772.  Nyago  Stadium.  Nairobi,  Kenya  {fiixiasicaol- 
cracea  (headed  cahbape),  Phaseolus  vulgaris.  Pisum  sotivum) 

-  K.  Sie,  c/o  Adama  Traore,  CNSF/PROTA,  01  B.P.  2682,  Ouagadougou  01,  Burk- 
ina Faso  (Adansonia  digitata) 

-  J.S.  Siemonsma,  PROTA  Network  Office  Europe,  Wageningen  University,  P.O. 
Box  341,  6700  AH  Wageningen,  Netberlands  (Abelmoschus  caillei,  Abelmoachua 
esculentus) 
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—  M  O.  Sohuloyp,  P.O.  Box  2029.  Mu^hv.  Ibadan,  Oyo State,  Nigeria  (Luffa 

aciiUm^ula,  T^-ichosaiithcs  cm  inncrnia) 

—  M.M.  Spitleler,  Ilel  Iloge  Stuk  19,  8431  KL  Oosierwolde,  Netherlands  (illustra- 
tions) 

—  Iskak  Syamsudin,  PROSEA  Network  Office,  P.O.  Box  332,  Bogor  16122,  Indone- 
sia (illustrations) 

—  P.  Tjocrto-j.  Kwoekwal  21.  H)()2  KD  Knkhuizon.  Nothorlands  (Brafisira  oferacea 
(caiilillo\M  1  and  broccoli),  Brassica  oleracea  (Brussels  sprouts),  Brassica  ol- 
eracea  (kohlrabi) 

—  H.  Toxopeus  (f),  Wageningen,  Netherlands  (^rassica  napus,  Brassica  rapa) 

—  F.  Ucheck  Fomum,  do  Cheten  Louis  Bernard,  P.O.  Box  219,  Bafoussam,  Camer- 
oon (\  V/7/o/;fa  afnygdaliiia,  Vemonia  hymenolepis) 

—  VV.d,  van  dcr  l^ur<i,  Srhimmelponninrkstraat  20  'U)!  1  AI^  Khcnon  Not hcrlnnds 
{Acanfh<)j)ht)<'iiix  rubra.  Asparagus  flageUaris.  Borassus  madagasi ai  n  n.<is, 
Ceratopleris  lhaliclroides,  Cercestis  mirabiUs,  Commelina  a/ricana,  Coininelina 
benghalensis,  Cosius  phyllooephalus,  Dictyosperma  album,  Dioscorea  praehen- 
sUis,  Diplasinm  proliferum,  Dypsis  baronii,  Dypsis  mananjarensis,  Lasimorpha 
s('U('g<dcusLt,  Liidn  igia  ahyssinica,  Ludwigm  erecla.  Marsilea  miniila, 
Opiiiogiossuni  rcficiihiltifii.  I'Icrldiiiw  Offiiiliuti ni  Rdicncn  rohustior,  StettOCh- 
laciKi  li'inii/olid.  Slrlochaclou  fiypogvuiii.  Tiilhaglna  aliunTd) 

—  H.A.M.  van  der  \  ossen,  Steenuil  18,  160G  CA  V  enhuizen,  Netherlands  {Brassica 
oleracea  (headed  cabbage),  Cilruttus  kaicUus,  Cucumis  meh,  Daucus  carota,  Ly- 
copersicon  eaculentum,  Spinacia  oleracea) 

—  G,M.  van  der  Weerden.  University  of  Nijmegen,  Depart  ment  of  Experimental 
Botany  Toernoois eld  I  (;".25  ED  Nijmegen,  Netherlands  {Solanum  ameri- 

canutn,  Solanum  i  illosiiiii) 

—  M.  van  der  Werff,  East  West  Seed  International  Ltd.,  Box  BW  141,  Borrowdale, 
Harare,  Zimbabwe  {Brassica  oleracea  (leaf  cabbage)) 

—  M.N.  van  Luijk,  Hugo  do  Grootstraat  136A,  2613  TX  Delft,  Netherlands  (Cucu- 
mis sativus,  Momordica  charantio) 

—  S.  van  Otterlno-Biitler  Bow  lespark  21,  6701  DR  Wageningen,  Netherlands 
(English  lan«juam'  correi  t  ion) 

—  W.  Wessel-Brand,  Biosystematics  Group,  Wageningen  University,  Generaal 
Foulkesweg  37,  6703  AH  Wageningen,  Netherlands  (illustrations) 

—  M.H.  Wilkins-EUcrt.  c/o  Cdock.  12  IG  W.  FMng  Diamond,  Tucson,  Arizona 
85742,  USA  (Acanlhosicyos  horridus,  Cucumis  <mguria,  Cucumis  metuUferus) 
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Introduction 


Choice  of  species 

This  PROTA  2:  Vegetables  book  describes  the  cultivated  and  wild  v^etable  species 
of  tropical  Afirica.  Some  of  these  are  only  used  as  a  \  ouot  able,  but  others  have  two  or 

more  uses.  PROTA  assigns  nno  primniy  uso  and  if  relevant,  one  or  more  seeondaiy 
uses  to  all  plant  species  used  in  Africa.  [^H(  )TA  2:  Vegetables  (-oniprises  only  ar- 
counts  ol' species  whose  primary  use  is  as  a  vegetable.  The  primar\  use  oi  baobab 
(/idoMonia  digUata  L.)  is  as  a  leaiy  vegetable,  and  thus  it  is  treated  in  PROTA  2, 
but  it  has  several  secondary  uses,  e.g.  the  tcvdt  is  eaten,  oil  is  extracted  from  the 
seed,  the  wood  is  used  for  timber  and  fuel,  the  bark  for  fibre,  and  the  bark  and  fndt 
for  (he  preparation  of  medicines.  Also  cassava  {Mauihol  csnilcntft  (^-ant/)  is  (luito 
important  ,as  a  leafy  vegetable,  but  its  primary  use  is  undoubtedly  its  edible  starchy 
root,  and  consequently  cassava  is  described  in  PKOTA  8:  Carbohydrates. 
Species  that  are  used  as  a  veget  able  but  also  have  another  primary  use  are  listed 
after  the  primary  use  vegetables,  and  are  fully  described  in  other  commodity  gxoups. 
Some  important  species  included  in  this  list  are:  Tponioca  Ixtlalas  (L.)  Lam.,  Mcttli- 
hot  cscnlfiiia  Crantz,  Parkia  hif^lohosd  (Jacq.)  R.Br.  ex  G.Don,  Solatium  tuberosum 

L.  and  Xdiilhosonni  sdi^illifoliuiii  (L.)  Scliolt. 

The  dellnilion  ola  vegetable  as  'succulent  plant  parts  tx)nsumed  as  side  dish  with  a 
Starchy  staple  food'  is  simple  and  clear  at  first  sight  However,  it  is  difBcult  to  un* 
ambiguously  delineate  the  commodity  group  vegetables,  and  the  boundary  with 
other  commodity  groups  is  sometimes  arbitrary,  e.g.  that  with  commodity  group 
spices  and  condiments.  Capsicum  pepper  (Cop.s/rf//;>  ofiiiuuni  C  )  is  used  in  fairly 
large  quantities  as  a  veg(>lal)ie  or  in  small  quantities  as  a  spici'.  depending  oti  the 
capsaicin  content  of  the  ti-uits.  Garlic  is  another  example  of  a  multipurpose  plant, 
sometimes  considered  primarily  a  spice  or  medicinal  plant,  but  treated  in  the  com- 
modity group  v^etables. 

A  few  leguminous  species  grown  for  their  dr\'  seeds  can  be  important  vegetables  as 

well.  i.e.  for  the  consumption  of  immature  seeds,  green  pods  and/or  leaves,  Pea 
iPisiini  sdlii  iini  L.)  and  cow  pea  (Miiiia  uniniicuhtla  (L.)  W'alp.)  are  included  in 
PKUTA  2;  Vegetables,  but  also  in  PROTA  1:  Cereals  and  pulses.  A  special  group  are 
some  CucuH>itace(xe,  e.g.  melon  and  watermelon,  the  firuits  of  which  are  eaten  raw. 
Because  of  their  annual  growth  habit  and  cultivation  as  field  crops  these  are  con- 
ventionally included  in  PROTA 2:  Vegetables  and  not  in  PROTA  6:  Fruits.  In  addi- 
tion, severa  I  (licin  bitaceoe  species  grown  for  their  dry  seed,  eaten  as  side  dish  or 
snack  are  trealetl  as  vegetables. 

In  PROTA  2:  Vegetables  comprehensive  descrqjlions  are  given  of  about  110  impor- 
tant vegetable  species.  These  major  vegetables  comprise  most  cultivated  species,  but 
also  several  wild  or  partly  domesticated  species.  The  accounts  are  presented  in  a 
detailed  format  and  illustrated  with  a  line  drawing  and  a  distribution  map.  In  addi- 
tion accounts  of  some  170  vegetables  f)f  minor  importance  are  given  I'.ci  ause  in- 
iormaiion  on  t  hese  species  is  often  scanty,  these  accounts  are  in  a  smipliiied  format 
and  do  not  include  a  drawing  or  map. 
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Plant  names 

Family;  ^Vpari  Iroin  i\w  classic  lamily  name,  the  lariul>  name  in  accordance  with  the 
Angiosperm  Phylc^eny  Group  (APG)  classification  is  also  given  where  it  differs  ficom 
the  classic  name. 

Synonjrms:  Only  tho  most  commonly  used  sjrnonyms  and  those  that  may  cause  con- 
fusion aro  montionod 

\  ('macular  names;  (  )nl>"  names  in  ol'l'icial  lanf^uayes  ul  regional  importance  in  Airica 
are  included,  English,  French,  Portuguese  and  Swahili.  It  is  beyond  the  scope  of 
PROTA  to  give  an  extensive  account  of  the  names  of  a  species  in  all  languages  spo- 
ken in  its  area  of  distribution.  Checking  names  would  require  extensive  fieldwork  by 
specialists.  Althoui^h  ((nrional  forms  of  Arabic  are  spoken  in  several  countries  in  Af> 
rica,  tho  number  of  African  i)lanf  specie^  tb-il  have  a  name  in  written,  classical  Ara- 
bic is  limited.  Arabic  names  are  therelore  omitted,  i^ames  of  plant  products  are 
mentioned  under  the  heading  'Uses'. 

Origin  and  geographic  distrilration 

To  avoid  long  lists  ofcoiinl ri(>s  in  the  le\(_  a  dislribiition  map  is  addiMl  (or  major 
species.  The  map  indicates  in  which  countries  a  species  has  been  recorded,  either 
wild  or  planted.  It  should  be  realized  that  for  many  species  these  maps  are  incom- 
plete because  they  are  prepared  on  the  basis  of  published  information,  the  quantity 
and  quality  of  which  varies  greatly  ficom  species  to  species.  This  is  especially  the 
case  for  \\  ild  si)ecies  which  are  not  or  incompletely  covered  by  the  regional  African 
floras,  and  for  culiiN  :ited  s|)(>ci(>s  w  hich  are  only  planted  on  a  small  scale  (e.g  in 
home  garden.s).  i'or  some  count  ri(>s  (e.g.  Central  A(ri(;an  Republic.  Chad.  Sudan, 
Angola)  there  is  comparatively  little  information  in  the  literature.  Sometimes  they 
are  not  covered  by  recent  regional  or  national  floras  and  although  species  may  be 
present  there,  this  cannot  be  demonstrated  or  confirmed.  For  some  major  species,  a 
distribution  map  has  been  omitted  because  there  is  too  little  information  on  distri- 
bution. 

The  assortment  ot  market  vegetables  in  African  countries  varies  largely,  in  urban 
areas  the  25  most  important  cultivated  vegetables  account  for  up  to  90%  of  the  total 
consumption  of  100-160  g/person,  whereas  vegetables  collected  ficom  the  wild  ac- 
count  for  less  than  5%.  In  rural  areas  the  variation  is  greater  and  more  wild  vegeta- 
bles are  consumed.  Large  differences  exist  not  only  between  urban  and  rural  areas, 
but  niso  between  forest  and  savanna  zones,  lowland  and  highland  regions,  countries 
and  tribes,  and  more  generally  between  West,  Central,  Fast  and  Southern  Ali'ica 
and  between  Anglophone,  Francophone  and  Portuguese-speaking  countries.  As  an 
illustration  of  this  location*dependent  variation  a  list  of  the  most  important  market 
vegetables  is  present  ed  in  Table  1.  It  shows  differences  between  <he  \\'es(  African 
forest  zone  (Lagos)  and  the  savanna  or  Sahel  area  (Kano),  between  West  .\frica  (Ni- 
geria) and  Fast  .\IVica  (K(>n\a)  and  between  lowland  (Mombasa)  and  higbland  (Nai- 
whi).  Many  temperate-iype  vegetables  are  traded  in  West  Airica  from  tbe  savanna 
zone  to  the  forest  zone,  and  in  East  Africa  from  highland  to  lowland  regions. 
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Table  I.  Availability  and  r(<Iati\e  importance  of  vegetables  in  urban  markets  in  Ni- 
geria (West  Africa)  and  Kenya  (East  Africa) 


Scientific  name 

common  name 

Nigeria 
- 

Lagos 

lUuBV 

Kenya 

W    •  I.' 

navobi 

Mom- 
basa 

AbdnumehuM  cettUei 

West  Afirican  okra 

1 1 1 1  + 

0 

0 

Abelinoscluis  escuUfntus 

okra 

+++++ 

+++++ 

+++ 

Adansottio  digiUtto 

baobab 

++* 

+++++ 

0 

++ 

Alh'iim  rppn 

bulb  onion,  shallot 

+++++* 

+++++ 

1  1  1  1  1 

+++++  ** 

Allm  n.  i  ;  iulosum 

welflh  <xiioii 

+++ 

++++ 

++ 

^  ** 

Allium  .•iittiniiii 

+++  * 

+++++ 

++++ 

+++  ** 

J linaixinihus  crueiilus 

amaranth 

+++++ 

+++++ 

+++++ 

+++ 

Amaranthua  dubiut 

amaranth 

++++ 

++ 

+ 

++++ 

Coylon  spinMch 

+■»-++ 

+  + 

+ 

++ 

Brckssica  oleracea 

hGadGd  cabbai76 

+++  * 

•*■++++ 

+++•*■+ 

+++++  ** 

Brcwsica  oleTXKXo 

cauliflower 

+++  * 

•«"H-I"f 

+++  ** 

Braasica  ohrcKxa 

leaf  cabbage 

0/+ 

0/+ 

+++++ 

+++  ** 

CaDsicimt  aniiitum 

rhilli  poppor 

++++ 

•¥•*"¥++ 

+++ 

Capsicum  aiutuuin 

bird  pepper 

++++ 

+++++ 

+ 

++ 

Capsicum  annuum 

aromatic  hot  pepper 

•I- 

C/ipsi cti  ni  nil  nil  ti  III 

sweet  pepper 

+++++ 

^^^^ 

++++ 

Celosia  OTgeiilea 

celosia 

+++++ 

++ 

0 

+ 

CitmUua  lanatu9 

watermelon 

+++ 

+++++ 

+++++ 

+++++ 

CitntUus  Icoutiitt 

egxisi  melon 

0 

0 

Cleome  gynandra 

spiderplant 

0 

0 

++++ 

+++ 

Corchoins  uli tortus 

jew  s  mallow 

1  1  1  1  t 

++++ 

+++ 

++++ 

Cueutni.s  nwlo 

melon 

+++ 

++++ 

+++ 

+++ 

Ciirinii is  .ntlii  us 

fu  cumber 

++++ 

+++++ 

+++ 

+++ 

Cucurbita  inaxiiiia 

pumpkin 

+++ 

+++++ 

++++ 

+++ 

Cucufbita  mosch<U<t 

musk  pumpkin 

+++ 

+++++ 

+++ 

+++ 

Cueufbita  p€po 

courgette 

+++ 

+++++ 

+++ 

+++  ** 

Daueus  earota 

carrot 

+++  * 

+-H-++ 

MM 

++++  ** 

Hibiaeua  aabdariffa 

roselle 

+++ 

+++++ 

0 

+ 

Laetuea  saliva 

lettuce 

++++ 

+  1  1  1  1 

+++ 

Logeiiana  atcennin 

bottle  ^ourd 

++ 

++++ 

++ 

++++ 

Lycopersieon  esculentum 

tomato 

+++++* 

+++++ 

+++++ 

+++++ 

Moringa  oleifera 

drumstidc  tree 

+ 

+  1  1  1  1 

+ 

+++ 

Phascdiii s  111  Is^aris 

French  bean 

+++ 

+++++ 

++++  ** 

Rapliauus  sativua 

radish 

++ 

++++ 

++ 

+ 

Solanecio  biafrae 

worowo 

++++ 

+ 

0 

0 

Sokmum  aelAtopicuiR 

garden  egg  (Gilo  Group) 

+++++ 

+++ 

++ 

++++ 

Sofanurn  ae^iopieum 

ndrowa  (Kumba  Group) 

++ 

+++++ 

0 

0 

Solanunt  inaeroceapon 

gboma 

++++ 

++ 

0 

+ 

SoUmum  meUmgaia 

eggplant 

+++ 

+-M-++ 

++++ 

++++ 

Solan  II  in  spp. 

Afrirnn  nightshades 

++++ 

++++ 

+++++ 

++++ 

Taliuum  triaugulare 

waterleaf 

++++ 

++ 

0 

0 

TdfiUria  oeeidentalis 

fluted  pumpkin 

+++++ 

+++ 

0 

0 

Vernonia  ninyfidnlina 

bitlcrlenf 

+++++ 

+■•■+ 

0 

0 

Viffia  UHguiculata 

cowpea  (leaves) 

+++ 

++++ 

+++ 

++++ 

0  absent;  -t>  rare;  -m-  occasional;  +++  common;  -t-H^  important;  -t-H-H-  firequent,  large  quantities. 
*  =  supply  fi oin  s  ivanna  area,  northern  Nigeria  (shallot  and  tomato  also  from  southom  Nigeria); 
**  =  supply  trom  highland  Kenya. 
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Properties 

Vegetables  are  eaten  for  their  flavour  (relishes)  and  nulrilional  value.  Tlie  content 
of  micronutrients  (vitamins,  minerals)  is  of  major  importance,  but  in  many  cases 
also  the  macronutrients  (carbohydrate,  protein,  fjeit)  contribute  considerably  to  the 

nutritional  value  of  the  meaL  The  nutrients  that  are  essential  components  of  the 
diet  are  listed  in  the  species  accounts.  The  analytical  method  used  to  determine  the 
various  elements  ol  the  nutritional  composition  considerably  inlluenc«'s  the  vahies 
found.  For  this  reason  a  lew  standard  sources  were  used  wherever  possible  and  the 
sources  are  mentioned  in  the  text.  These  sources  are:  McCance  &  Widdowson's  The 
composition  of  foods;  the  USDA  Nutrient  database  for  standard  reference;  FAO  Food 
composition  table  for  u.se  in  Africa. 

Apart  from  nutrients,  the  propnrties  include  compounds  with  possible  or  proven  me- 
dicinal value,  toxins  and  other  relevant  chemical  compounds. 

Description 

A  morphological  characterizal  ion  of  the  speiries  is  given.  The  description  is  in  'tele- 
gram' style  and  u^es  botanical  terms.  Pro\  idiiiii  ;i  description  loc  the  iifMienil  public 
is  difficult  as  more  generally  understood  terms  oilen  lack  the  accuracy  reciuired  in  a 
botanical  description.  Aline  drawing  is  added  fur  all  major  and  some  lesser-known 
spedes  to  complement  and  visualize  the  description. 

Management 

I)escri|)t  ions  of  husbandry  methods  ituluding  lertili/er  applii^ation,  irrigation  and 
pest  and  disease  control  measures  are  given  under  'Management'  and  under  'Dis- 
eases and  pests'.  These  reflect  actual  practices  or  generalized  recommendations,  opt- 
ing for  a  broad  overview  but  without  detailed  recommendations  adapted  to  the 
widely  varying  local  conditions  encountered  by  farmers.  Recommendations  on 
chemical  control  of  pests  and  diseases  are  merely  indicative  and  locnl  ret^ulations 
should  be  given  precedence.  FHO  TA  will  participate  in  the  preparation  ofderived 
materials  for  extension  and  education,  lor  which  the  texts  in  this  volume  provide  a 
basis,  but  to  which  specific  local  information  will  be  added. 

Oenetic  resources 

The  genetic  diversity  of  many  plant  .<pecies  in  Alrica  is  eroding,  sometimes  at  an 
alarming  rate,  as  a  consequence  of  habitat  destruction  and  overexploitation.  The 
replacement  of  landraces  of  cultivated  species  by  modem  cultivars  marketed  by  seed 
companies  is  another  cause  of  genetic  erf)sion.  Reviews  are  given  of  possible  threats 
for  plant  species  and  of  the  divcM'sily  within  sf)eci(>s.  Inl'ormalion  on  ex-situ  germ- 
|)lasm  collcH  t  ions  is  mostly  extracted  Irom  publications  of  the  international  Plant 
Genetic  Resources  Institute. 
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Breeding 

III  comparison  with  other  parts  of  the  world,  little  breeding  work  aiming  specilically 
at  conditions  in  Africa  has  been  done  and  few  seed  companies  offer  seed  of  locally 
adapted  cultivars.  Large  differences  exist  in  the  occurrence  of  landraces,  and  local 
production  of  exotic  vegetables,  e.g.  tomato,  carrot  and  onion,  is  more  based  on  &rm- 
saved  seed  in  West  Africa  than  in  Kast  Africa,  wheri'  the  seed  is  more  often  im- 
portt'd.  However.  French  bean  seed  in  West  Africa  is  mostly  imported,  while  in  Kast 
Africa  it  is  locally  produced.  Seed  of  w  hite  headed  cabbage  is  almost  exclusively  im- 
ported in  all  countries.  Seed  companies  offering  locally  adapted  cultivars,  either 
bred  in  situ  or  elsewhere  in  the  tropics  for  comparable  conditions,  are  mentioned. 
Citii^  a  cultivar  does  not  imply  a  recommendation. 

References 

The  main  objective  of  the  list  of  references  given  is  to  guide  readers  to  additional 
information;  it  is  not  intended  to  be  complete  or  exhaustive.  Authors  and  editors 

have  selected  major  and  olher  rer!>rences;  major  ref(>rences  are  limited  to  10  refer- 
ences (5  for  minor  spe<-ies),  the  number  ol'olher  references  18  limited  to  20  ( 10  lor 
minor  species).  The  references  listed  include  those  used  in  writing  the  account. 
Where  data  available  on  the  Internet  have  been  used,  the  website  and  date  are  also 
cited. 
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Alphabetical  treatment  of  vegetables 
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AB£LM0SCHUS  caillei  (A.Chev.)  Stevels 

Protologue  Bull.  Mus.  natn.  Hist,  nat., 
Pans  s<  r  I  in  se  ct  B,  Adans.,  2:  138(1988). 
Family  Malvaceae 

Chromoaome  number  2n  =  184-200 

Synonyms  Hiht\'ieiis  inaisihat  L,  var.  eaUlei 
A.Chev.  (1940),  Hibiscus  mauiliut  auct.  non  L., 
Abelmo$ehu«  manihot  auct.  non  (L.)  Medik., 
HAiscus  eaailentua  auct.  non  L.,  Abelmoachua 
escnffii Ins  :nii-t  non  i[.  )  Moonrh. 

Vernacular  names  West  African  okra, 
West  African  okro  (E!n).  Gombo  ouest-africain, 
gumlio  oui'st-iifricain  (Fr) 

Origin  and  geographic  distaibution  The  ge- 
nus Abelmoschws  originated  in  South-East 
Asia.  West  African  okra,  however,  is  a  cultigen 
oofurring  mainly  in  West  and  Central  Al'ncu  It 
haH  been  reported  from  Gumea  to  Nigeria  in 
West  Africa,  in  Cameroon,  Gabon  and  DR 
Cnngo  in  Contral  Africa,  and  in  Fpnndn  in 
East  Africa.  Its  distribution  is  restricted  to 
humid  and  perhnmid  climates  in  Africa,  be- 
tween 12°N  imd  IL'  S  most  commonly  between 
5*N  and  lO'^X.  wlureMs  the  common  okra 
(Abetinoschua  e:sculenlus  (L.)  Muench)  can  be 
found  worldwide  throughout  the  tropics,  sub- 
iiMim^  .-ind  wiirm  temperate  regions. 

Uses  Yuung  immature  fruits  are  an  impor- 
tant vegetable,  consumed  cooked  or  fried.  In 
\\'rst  .Africa  th^  are  usually  boiled  in  water  to 
niiiKc  slimy  soup.*;  nnd  sniicos.  Fruits  can  bo 
dried,  whole  or  sliced,  and  subsequently  con- 
served. Before  selling,  the  dried  product  is 
usuidly  ground  to  t\  powdi-i-  Young  leaves  are 
sometunes  consumed  as  spmach. 
There  are  no  apparent  difierences  in  uses  be- 
tween West  African  and  coumum  okra.  The 
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extent  to  which  the  uses  mentioned  below  ap- 
ply to  West  African  okra  is  unknown.  Leaves 
are  considered  good  cattle  feed,  but  this  is  sel- 
dom compiitil>]r'  ultli  the  plant's  priman,'  use 
for  human  consumption.  Okra  mucilage  is 
suitable  for  medicinal  and  industrial  applica- 
tions. It  has  been  used  as  a  blood  plasma  re- 
placement or  blood  volume  expander.  Leaves 
are  sometimes  used  as  a  basis  for  poultices,  as 
an  emollient,  sudorific  or  antiscorbui  i<-  an<l  lo 
treat  dysuria.  Okra  mucilage  has  brt  n  added 
as  size  to  glaze  paper,  and  is  used  m  cont'ec- 
tioneiy.  The  bark  contains  a  fibre  which  is 
suitfiMi'  for  spiniiinu  info  roin'  and  for  paper 
and  cardboard  manufacture.  The  fibre  has  been 
locally  used  for  fishlines  and  game  traps,  but 
fibre  harvesting  o,.|,  n  ible  with  fruit  har- 

vesting. Roasted  sei'ds  <ii  nki-a  are used in  Bome 
areas  as  a  subslilule  fur  coflee. 
Production  and  international  trade  World 

production  of  okra  (hoth  sporics)  as  fresh  fi-uit- 
vegetable  is  estimated  at  6  milhon  t/year.  Okra 
production  in  West  and  Central  Africa  is  esti- 
mated at  500,000-600,000  t  annually  based  on 
available  consumptir)n  data  West  African  okra 
IS  estimated  to  make  up  half  this  amount, 
about  696  of  total  world  production  of  okra. 

Properties  Xo  studies  .suggc^st  systematic 
differences  in  nutritional  value  between  the 
two  okra  fipecies.  The  composition  of  okra  fruits 
per  1(1(1  g  edible  portion  (81%  of  the  product  as 
purchased  ends  trimmed)  is:  water  88.6  g 
(8.5.7-00,2),  energy  11 1  kJ  (36  kcal),  protein  2.1 
g  (1.1-3.0),  fat  0.2  g.  carbohydrate  8.2  g,  fibre 

I.  7  g,  Ca  84  mg  (65-142),  P  90  mg.  Fe  1  2  rng 
(1.1-1.5),  P-carotaie  18S  jig  (180-190),  thiamm 
0.04  mg,  riboflavin  0.08  mg,  niacin  0.6  mg, 
ascorbic  acid  47  mg  (20-126).  The  composition 
of  okra  leaves  per  100  g  edible  portion  is:  water 
81.5  g  (75.3-92.4),  energy  235  kJ  (5(3  kcal), 
protein  4.4  g  (2.8-6.6),  fat  0.6  g,  carbohydrate 

II.  .?  g.  fibre  2,1  g  mg  {2m-^V.\^)  P  70 
mg,  Fe  0.7  mg,  ^-carotene  385  pg,  thiamin  0.25 
mg,  riboflavin  2.8  mg,  niacin  0.2  mg,  ascoibic 
acid  m  mg  (9-75)  (Leung,  W.-T.W.,  Busson,  F. 
&  Jardin.  C..  19(38). 

Carbohydrates  are  mainly  present  in  the  form 
of  mucilage.  That  of  the  young  fruits  of  A6el- 
ninsrhiis  mnilriiliis  consists  of  long-chain 
molecules  with  a  molecular  weight  of  about 
170,000  made  up  of  sugar  imita  and  amino 
adds.  The  main  components  are  galactose 
(2.'5%)  rhnmnose  (22%),  galacf  uronic  ncid  (27%) 
and  amino  acids  (11%).  The  mucdage  is  highly 
soluble  in  water.  Its  solution  in  water  has  an 
intrinsic  viscosity  value  of  about  30. 
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Okra  seeds  contain  about  20%  protein  (similar 
in  amino  acid  composition  to  soya  bean  protein) 
and  20%  oil  (similar  in  fatty  ncid  compositioin 
to  cotton-sci'd  (lil),  Tlu^  balk  fibre  is  easy  to 
extract.  It  is  white  to  yellow  m  colour,  strong 
but  rather  coarse. 

Tests  conducted  in  China  suggest  that  an  alco- 
hol extract  of  Abelmoachus  leaves  can  elimi- 
nate oxygen  free  radicals,  alleviate  renal  tubu- 
lar-interstitial diseases,  improve  renal  function 
and  rt'diico  prritcinurin. 

Description  Stout,  annual  to  biennial,  erect 
herb  up  to  4  m  tall,  mostly  strongly  branched; 
stem  often  woody  at  l)ase.  terete,  glabrous  or 
with  scattered,  still  hairs,  often  red-blotched; 
branches  erect  to  curved  downwards.  Leaves 
arranged  spirally,  simple,  variable  in  shape 
and  size:  stipules  filiform,  up  to  2  cm  long,  cov- 
ered with  stiff  hairs,  especially  un  the  margins; 
petiole  up  to  60  cm  long,  often  red-tinged,  with 

a  line  of  soft  simple  hairs  nn  the  upper  side, 
otherwise  glabrous  or  with  scattered,  stiff 
hairs;  blade  transversally  elliptical  to  orbicular 
in  outline,  up  to  50  cm  broad,  Ir :  l  i  f  midrib 
up  tn  cm.  mostly  I}-  A-  or  7-painiai dobed  to 
palmatiparlite,  cordate  at  base,  5— y-vemed, 
segments  triangular,  ovate,  elliptical,  obovate. 


Abeliuosrhna  raillri  1,  top  nf  flou  rniiff  plant; 
2,  flowering  bvauchlel;  3,  young  finit;  J,  mature 
fruit;  6,  seed. 

Redrawn  mid  adapUd  by  W.  Weaael-Brand 


oblong,  spatulate  or  lanceolate,  acuminate, 
serrate  to  crenate.  sometimes  entire  or  angu- 
lar, \eins  on  both  sides  with  scattered,  stiff 
hairs.  Flowers  axillar\  solitary  or  racemose  liy 
reduction  or  abortion  of  the  upper  leaves;  pedi- 
cel up  to  4.5  cm  long  in  flower,  up  to  13  cm  in 
fruit,  glabrous  or  with  scattered,  stiff  hairs; 
epicalyx  segments  5-10,  free,  ovate  to  oblong, 
10-35  mm  x  4-13  mm,  acute  to  acuminate, 
generally  persistent  through  early  fruit  devel- 
opment rovej-ed  w  ith  sliff  bnirs.  esperinlly  on 
the  margms;  calyx  spathaceous,  2-7  cm  long,  5- 
toothed  apically,  usually  splitting  on  one  side 
at  the  expansion  of  the  corolla,  adnatc  to  and 
caducous  with  the  corolla  and  stammai  col- 
umn, sericeous  outside,  often  mixed  with  short, 
simple  and  stellate  hairs,  strigose  to  sericeous 
inside;  petals  5.  free,  obovate  to  orbicular,  4—9 
cm  long,  base  fleshy,  apex  obtuse  to  refuse, 
glabrous,  yellow,  often  turning  pink  after  an- 
thesis,  with  n  dark  pui-plc  <i  ntre;  stamens 
united  into  a  staminal  column  up  to  3.5  cm 
long,  white,  glabrous;  ovary  superior,  tomen- 
toae,  often  with  some  stiff  hairs  on  the  costae 
as  well  .5-12  style  arms  ;?-5  mm  long,  stigmas 
dark  purple,  with  simple  hairs.  Fruit  an  erect 
to  drooping,  ovoid  capsule  6—26  cm  x  1-6  em, 

afiiminalc,  terete  to  .'j— 1 2-angled,  concave  In  - 
tween  the  costae,  gradually  losing  its  urigmal 
indummtum,  when  young  varying  in  colour 
from  purple-red  and  reddish-green  to  dark 
preen,  and  from  prdc  preen  to  yellow  com- 
pletely or  partially  loculicidal  or  not  opening  at 
all,  up  to  100-seeded.  Seeds  globose  to  ovoid,  3— 
5  mm  in  diameter  with  minute  warts  in  con- 
centric rows,  rarely  with  long  red  hairs  on  the 
seed  coat.  Seedling  with  epigeal  germinaticm. 

Other  botanical  information  This  taxon 
was  described  as  n  species  in  1988  although  it 
is  only  known  from  cultivated  material.  Classi- 
fication as  a  cultivar»gToup  might  have  been 
more  appropriate.  There  arc  strong  indications 
that  Abelinoschus  caillei  is  an  amphidiploid  of 
Abelmoaehus  esailentua  (L.)  Moendi  =  130- 
140)  and  Abelinoschua  mauihot  (L.)  Medik.  (2;i 
=  (30— (;8)  However  the  hitter  species  has  not 
been  found  with  certainly  in  the  area  of  distri- 
bution of  West  African  okra.  and  isozyme 
annlysi.*;  has  neither  connrmed  nor  rejected  the 
relationships.  Abelnioschus  manilwl  differs 
from  AbelmoKkua  caillei  by  a  smaller  number 
iif  epicalyx  segments  (1-8),  and  much  smaller 
fruits  (.3.o-(5  cm  long)  which  are  inedible  be- 
cause they  are  covered  with  prickly  hairs. 
Abelmoeehus  eaeulentua  differs  in  several  re- 
spects from  Abelmoaehua  caillei,  but  the  epica- 
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lyx  offers  the  best  discrirainatinp  characteris- 
tic: the  width  of  the  epicnlyx  segments  is  4-13 
mm  111  AhrhiKifirliiDi  riiillvi  and  0.5-3  mm  in 
Abel  III  o^fl  III  n  escu  It'll  In  s.  The  two  okrn  species 
can  be  quite  rehably  (but  not  with  absolute 
certainty)  recognized  on  the  basis  of  fruit  form. 
Fruits  of  Abelmoaehua  eaUlei  are  ovoid,  where- 
as fruits  of  AbelmoaehuB  eaeulaUus  are  t^'liu- 
drical  to  pyramidal. 

The  list  of  synonyms  shows  lhnl  inform.ition 
rel.nteH  to  Ahplinosrfiii.i  caiUfii  ha.^  often  Ix^^n 
attributed  to  Abelmoaehua  eaculentus  and/or 
Abelmosehua  manihot,  thus  literature  has  to  be 
interpreteil  witli  I'iire, 

Growth  and  development  Under  the  con- 
ditions of  southern  Cftte  dlvoire  (S^N),  West 
African  okra  flowers  within  50-110  days  after 
sowing  in  the  dry  season  (sowing  in  October: 
days  shortening)  and  withm  65—270  days  after 
sowing  in  the  rainy  season  (sowing  in  March: 
days  Iwigthoninfj).  Short-day  types,  planted  at 
the  beginning  of  the  rains  (March),  do  not 
flower  by  the  end  of  the  rainy  season  (Novem- 
ber),  but  are  vegetatively  so  well-developed 
that  they  easily  survive  the  dry  season  without 
supplementary'  water,  and  flower  and  bear 
fruit  in  a  period  of  scarcity.  In  African  lan- 
guages, West  African  okra  is  therefore  some- 
times referred  to  as  'late  okra'  or  dry-season 
okra'.  Crop  duration  thus  shows  enormous 
variation  depending  on  cultivar,  locality  and 
sensnn  and  varies  from  4  months  to  well  over 
12  months. 

Con^iaring  cultivars  of  similar  eariiness,  it  is 
striking  that  West  African  okra  has  a  consid- 
erably longer  productive  period  than  cultivars 
of  common  okra.  This  is  an  attractive  feature 
for  home  gardra  planting. 

Flower  opening  and  pollination  take  place  in 
the  early  moniing.  Although  basically  a  self- 
pollinated  crop,  considerable  cross-pollination 
by  inserts  may  take  place.  For  vegetable  use 
the  fruits  are  picked  about  one  week  after  an- 
thesis.  The  regular  removal  of  yoimg  fruits 
permits  sustained  vegetative  growth  and  ilow- 
ering,  prolonging  the  jjroductive  period.  In  a 
seed  crop,  it  takes  about  one  month  from  an- 
thesis  to  fruit  maturity.  In  this  case,  vegetative 
growth  stops  soon  after  .mthesis,  all  assimi- 
lates being  diverted  to  repi-oductive  parts. 

Ecology  Many  local  types  show  a  qualitative 
short -day  responsi  '  even  at  a  latitude  of  only 
5**,  the  sherlesi  cntienl  daylength  reported 
bein^  12  hours  I.j  minutes,  Even  at  this  lati- 
tude, vegetative  periods  of  8-9  months  occur 
when  sown  imder  the  'long-day'  conditioas  of 


the  rainy  season.  Apart,  from  these  quaUtative 
responses,  most  local  tj-pes  show  quantitative 
short -digr  responses.  West  African  okra  is, 
therefore  not  suital)le  for  semi-arid  and  arid 
regions  beyond  latitudes  of  12"^'  and  12°S  be- 
cause of  daylength  requirements. 
West  African  okra  tolerates  a  wide  variety  of 
soils  but  prefers  well-dramed  sandy  loams, 
with  pH  6—7,  and  a  high  content  of  organic 
matter. 

Propagation  and  planting  Most  farmers 
harvest  seed  from  their  own  local  cultivar  or 
rather  heterogeneous  landraoe.  The  easiest 
way  to  keep  the  seed  is  to  leave  it  in  the  pods, 
Seed  weight  varies  from  30—70  g/1000  seeds. 
Prior  to  sowing  the  seed  is  often  soaked  in  wa- 
ter to  soften  the  hard  seed  coat.  It  is  usually 
dibbled  directly  in  the  field  (1-3  seeds  per 
hole).  The  robust  West  Al'ncan  okra  should  be 
grown  at  20,000-60,000  planta/ha.  Emergence 

is  within  one  week.  \Mien  the  plants  are  about 
10  cm  tall,  they  are  thinned  to  one  plant  per 
hole. 

Germination  and  initial  growth  are  improved 
greatly  by  cultural  [nactices  that  lower  soil 
temperature,  e.g.  mulching,  watering  before 
the  hottest  part  of  the  day,  and  sowing  on  ridge 

sidf  -  l  ,1  1  .  vposed  lo  direct  sunlight. 

Management  Comnien  lal  okra  growers 
usually  practise  sole  cioppmg.  and  prefer  the 
early,  homogeneous,  introduced  iuliiv.iis  .  f 
common  okra  (Ahrliiin.schiis  ctciilenliis).  In 
traditional  agriculture,  farmers  grow  their 
okra  landraces  in  home  gardens  or  in  fields 
with  other  food  ciojis.  The  landraces  nften  con- 
sist of  a  mixture  of  Abelmosehua  cuiliei  and 
Abelmoaehua  eaeulentua,  the  former  being  pre- 
dominant in  humid  climates,  the  latter  in  drier 

climates. 

The  uptake  of  minerals  is  rather  high.  Indica- 
tive figures  for  total  nutrient  uptake  per  ha  of 
a  crop  with  fruit  yield  of  about  10  t/lia  are  100 
kg  N,  10  kg  P,  60  kg  K,  80  kg  Ca  and  40  kg  Mg. 
Under  humid  tropical  conditions  a  fiill-grown 
crop  consumes  about  8  mm  of  water  per  day. 
Some  farmers  practise  ratoon  crf)))iiinu  A  ra- 
toon  crop  llowers  soon  alter  cutting,  but  usu- 
ally results  in  poor  quality  fiuit  with  a  high 

percentage  fifhent  fi-iiits. 

Diseases  and  pests  West  African  okra  is 
more  tolerant  of  diseases  and  pests  than  com- 
mon doNl.  An  exce)it  ion  is  vascular  wilt  (Fuaor 
riiim  o.xyspnniiii)  which  in  West  African  okra 
has  more  time  to  manifest  itself  due  to  the 
longer  crop  duration.  Other  serious  fungal  dis- 
eases of  okra  in  West  Africa  are  damping-off 
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{Macrnphomiiia  phaseolino)  and  Ccrcospora 
blight  (Cercospoixt  abdmoschi).  Oidium  ahel- 
moschi  is  more  important  in  the  drier  climates 
Okra  mos.'Uf  virus  ('  »kM\')  trMnsmitlccl  liy  lien 
beetles  {Podagrica),  is  widespread  but  damage 
is  much  less  important  than  that  caused  by 
leaf  curl,  transmitted  !>>  whitefly  (Beiiiisia 
tabaci).  These  viruses  must  be  controlled 
through  control  of  the  vectors.  Nematodes  of 
thegenu8il/eb>ujq£yf»ec(>nsiiiiii<'  a  mnjor  prob- 
lem. Damage  hy  nnmntndcs  is  avoided  hy  crop 
rotation,  e.g.  with  Guinea  grass  {Paiiicum 
majdmum  Jacq.)  or  cereals,  and  by  large  appU- 
cations  of  organic  manure. 
Insect  damage  is  mainly  due  to  the  cricket 
Braehylmpcs  memhranaetaui,  to  Podagriea  flea 
beetles,  to  the  bollworms  Earias  biplaga  and 
Pi'cliitniiliora  i;ossyj)i('}l(i  ;ind  to  the  beetle 
Anutitula  denuda.  Chemical  control  ol  insects  is 
hazardous  because  crop  harvesting  is  frequent. 

Harvesting  The  earliest  types  of  West  Afri- 
can okra  are  readj'  for  first  harvest  at  8  weeks 
after  sowing.  Developing  fruits  should  be  har- 
vested when  7-8  days  old.  Earlier  picking  de- 
presses yields  because  of  low  fruit  w  ei^'ht  but 
delayed  picking  depresses  marketable  yields 
because  over-aged  fruits  become  fibrous.  Okra 
fields  are,  therefur.-  harveste<l  al  intervals  of 
2—3  days.  The  mmimum  frequency  ia  once  a 
week  but  then  fruits  of  all  sizes  have  to  be 
picked.  Although  such  a  low  frequency  rciluccs 
yield,  the  vcrj'  small  fruits  ran  fotrh  a  lij(;h('r 
price,  being  of  prime  quality.  For  seed  produc- 
tion, the  whole  crop  can  be  harvested  once- 
over. Intensive  contact  svith  the  slit;hil\  liairy 
fruits  and  plants  may  lead  to  skin  irritation. 

Yield  A  vegetable  yield  of  10  t/ha  can  be 
considered  a  tiood  harvest,  but  yields  of  OVer  40 
t'ha  can  be  realized  under  optimal  conditions. 
Yields  are  usually'  low  {2-1  t/ha)  as  a  result  of 
non-intensive  growing  methods.  Seed  yields 
are  in  the  ransje  of  .500-1000  kp/hn. 

Handling  after  harvest  Fresh  okra  can  be 
transported  quite  easily  in  bulk  and  kept  for  a 
few  days  without  much  loss  of  quality.  Dried 
okra  is  an  imjiortant  product  m  West  .Africa. 
Okra  mucilage  can  be  obtained  by  grinding 
plant  material,  removing  wases  and  fat  with 

ether  .and  alcohol,  suspending  the  purified  ma- 
terial m  water,  filtering  and  concentrating  the 
filtrate. 

Genetic  resources  Local  landraces  are  not 

at  great  ri.sk  of  genetic  erosion  at  presont.  Only 
commercial  growers  tend  to  switch  to  commer- 
cial cultivars  of  Abelmoachus  eaeulenttu, 
whereas  Abelmoaehua  eaiUei  is  ubiquitous  in 


subsistence  farming. 

Substantial  germplasm  of  West  African  okra  is 
maintained  by  CNRA  (Centre  National  de  Re- 
cherches  Agronomiques)  in  ]^<iuake  (<""6te 
d'lvoire)  and  by  IRD  (Institut  de  Recherche 
pour  le  D4veIoppement)  in  Montpellier 
(France).  Many  national  collections  cont;un 
both  okra  species,  curators  often  not  being 
aware  of  the  diSerence.  West  African  okra  has 
already  been  introduced  into  several  American 
and  Asian  nnii^tries  for  researcb  puipoaes 
thix)Ugh  germplasm  exchange. 
West  African  okra  is  reported  to  be  resistant  to 
yellow  vein  mosaic  virus  (Y\M\')  a  major 
cause  of  crop  failure  of  cximmon  okra  m  Asia, 
ndiitefly  {Remisia  tabaci)  being  the  vector. 

Braeding  .Selection  and  breeding  of  West 
African  okra  have  not  been  carried  out  by  the 
commercial  sector,  but  African  farmers  have 
selected  an  enormous  diversity  of  forms  whidi 
fit  into  a  great  variety  of  cropping  .systems. 
There  is,  however,  plenty  of  scope  for  combin- 
ing desirable  characteristics  in  cultivars  for  the 
traditional  sector  (where  hardy,  robust,  long- 
lived  types  are  required)  as  well  as  foi-  the 
commercial  sector  (where  good  alternatives  for 
introduced  cultivars  of  Abelmoachus  eaeulentua 

are  needed  with  IxMter  adaptation  to  local  con- 
ditions, diseases  and  pesis  in  particular).  Nev- 
ertheless, isozyme  analysis  has  shown  a  rather 
low  level  of  genet  ic  diversity  in  cultivated  okra 
in  spite  of  much  phenotypic  variability. 
The  characteristics  of  both  okra  species  open 
up  new  opportunities  for  recombination.  They 
cross  readily  in  both  directions  and  cmsses 
result  in  vigorous  hybrids;  these,  however, 
show  a  marked  reduction  in  fertility.  Neverthe- 
less, seed  is  formed  by  inlers{)ecific  hjbrida 
under  conditions  of  open  pollination,  probably 
due  to  backcrossing  with  fertile  pollen  of  one  of 
the  parmtal  species.  Melmoadiua  eaeulentua 
Tarbhani  Kranti'  was  bred  in  this  way  in  In- 
dia, with  YVMV  resistance/tolerance  derived 
fix>m  Abelmoaehua  caittei. 
Although  they  occur  together  in  farmers'  fields, 
the  genetic  integrity  of  the  two  okra  species  is 
largely  assured  because  chances  are  very  small 
that  the  unproductive  Fi  hybrids  will  be  se- 
lected as  sr-ed  sources  for  the  next  crop. 

Prospects  Okra  will  remam  a  welcome, 
productive  firuit-vegetable.  The  relatively  re- 
cent discovery  that  West  African  okra  is  differ- 
ent from  common  okra  offers  new  possibilities 
in  an  old  crop. 

iSaior  references  diarrier,  A.,  1984;  Ha- 
mon,  S..  1988;  Hamon,  S.  &  Charrier,  A.,  1997; 
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Hamon,  S.  &  Hamon,  P.,  1!H)1;  IBPGR.  lOHl; 
Markose,  B.L,  &  Peter.  K.V..  1990;  Schippers, 
R.R.,  2000;  Siemonsma  J.S..  1982a;  Siemon- 
sma,  J.S..  19821.:  Stovls.  .I.M C,  1988. 

Other  references  BurkiU,  H.M.,  1997;  Che- 
valier, A.,  1940;  Ham<m,  S.  &  van  Sloten,  D.H., 
1995;  Leung.  W,-T.W..  Busson,  F,  &  Jardin  r., 
1968;  Martin,  F.W.  &  Ruberte,  R.M.,  1978; 
Siemonsma,  J.S.,  1991;  Stevels,  J.M.C.,  1990; 
Tomoda,  M.  et  al.,  1980;  van  Borasum-Waal- 
kos.  J.  HHKi. 

Sources  of  illustration  Siemonsma,  J. 8., 
1982a;  Stevels.  J.M.C..  1990. 
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ABELMOSCHUS  ESCULBNTUS  (L.)  Moench 

Prutologue  iMelhodus:  (il7  (1794). 
Family  Malvaceae 

Chromosome  number  2ii  =  (n6-)lMn(-144) 

Synonyms  Hibiscus  esculeiUiis  L.  (1753). 

Vernacular  names  Common  okra,  cisia, 
okro,  ladjr's  finger  (En).  Gombo  commun, 
gombo.  gumbo  (Fr).  Quiabeiro  (Po).  Mbamia, 
mbinda  (Sw). 

Origin  and  geographic  distribution  The  ge- 
nus Ahcliiinschiis  orisiinatrd  in  Soulh-Ensl 
Asia.  Abelinoschus  eaculeutus,  however,  is  a 
cultigen  of  uncertain  origin.  It  is  widespread  in 
tropical,  .subtropical  and  warm  temporal o  re- 
gions, but  is  pni-tifulnrly  pofniLn-  m  West  .\f- 
rica,  India,  the  I'hilippmes,  Thailand  and  Bra- 
zil. Abelmoaekus  eamlmtua  has  been  reported 

from  the  v\  hole  of  tii)])if,il  .\fnr;i  uhfi'i'jis  West 
African  ukra  {Abeliuuachus  caillei  (A.Chev.) 
Stevels)  is  restricted  to  the  humid  and  perhu- 
mid  climates  of  Africa. 


Abtimoaehus  eamlmtua  -  pUmted 


Uses  Young  immature  fruits  are  an  impor- 
tant vegetable,  consumed  cooked  or  fried.  In 
West  Mrica  they  are  usually  boiled  in  water  to 
m;ik''  shiny  soups  and  sauces.  The  fruits  can  be 
conserved  by  drj'mg,  whole  or  sliced,  or  by 
pickling.  Before  selling,  the  dried  product  is 
usu:illy  ground  to  powder,  Yount,'  leaves  are 
commonly  used  as  spinach.  The  leaves  are 
sometimes  used  as  cattle  feed. 
Okra  mucilage  i.s  suiiahlc  for  medicinal  and 
industrial  appliratinns.  It  has  been  used  a 
plasma  replacement  or  blood  volume  expander. 
Leaves  are  sometimes  used  as  a  basis  for  poul- 
tices as  an  emollient  suilorifir  or  antiscorbutic 
and  to  treat  dysuria.  Olu-a  mucilage  has  been 
added  as  size  to  glaze  paper  and  is  used  in  con- 
fectionery. The  bark  fibre  has  been  locally  used 
for  fishlines  and  game  traps.  It  is  suitable  for 
spmnnmg  into  rope  and  for  paper  and  card- 
board manufacture.  Roasted  okra  seeds  are 

used  in  soni  '     in  .  is  a  substitute  for  roffee. 

Production  and  international  trade  World 
production  of  okra  (both  species)  as  fresh  fruit- 
vegetable  is  estimated  at  6  million  t/year. 
Commun  okra  makes  up  9.5%  of  this  amrtunt  It 
IS  only  m  West  and  Central  Africa  (accounting 
for  about  10%  of  world  production)  that  com- 
mon okra  and  West  .Xfrirnn  okrn  are  both  used. 
They  share  the  market  roughly  fifty-fifty. 

Properties  The  composition  of  okra  fruits 
I>er  1(1(1  ^  edible  portion  (81%  of  the  product  as 
purch.ised,  end.s  trimmed)  is:  water  88.6  g 
(8.5.7-90.2),  energy  111  kJ  (36  kcal),  protein  2.1 
g  (1.1-3.0),  fat  0.2  g.  carbohydrate  8.2  g,  fibre 

I,  7  g.  Ca  84  mg  (66-142),  P  90  mg,  Fe  1  2  mg 
(1.1-1.5),  P-carotaie  186  )ig  (180-190),  thiamin 
0.04  mg,  riboflavin  0.08  mg,  niacin  0.6  mg, 
ascorbic  acid  47  mg  (20-126).  The  composition 
of  okra  leaves  per  100  g  edible  portion  is:  water 
81.5  g  (75.3-92.4),  energy  236  kJ  (56  kcal), 
protein  4.4  g  (2.8-6.6),  fat  0.6  g,  carbohydrate 

II.  .?  g.  fibre  2,1  g  r,:',2  mg  (2^H-^V.in)  P  70 
mg,  Fe  0.7  mg,  ^-carotene  385  pg,  thiamin  0.25 
mg,  riboflavin  2.8  mg,  niacin  0.2  mg,  ascoibic 
acid  .59  mg  (9-7.5)  (Leung,  W.-T,W,,  Busson,  P. 
&  Jardin.  C,  1968).  Compared  to  other  fleshy 
fruit-vegetables  (tomato,  eggplant),  okra  is 
particularly  rich  in  Ca  and  ascorbic  add. 
Cnrbohydrates  are  mainly  present  in  the  form 
of  mucilage.  That  of  young  fruits  consists  of 
l<mg-diain  molecules  with  a  molecular  wei^t 
of  abofut  170,000  mads  up  oi  sugar  units  and 
amino  acids.  The  main  components  are  galac- 
tose (25%),  rhamnose  (22%),  galacturomc  acid 
(27%)  and  amino  adds  (11%).  The  mucilage  is 
highly  soluble  in  water.  Its  solution  in  water 
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has  an  mtrinsic  viscosity  value  of  about  30- 
Okra  seeds  contain  about  20%  protein  (simi- 
lar in  amino  acid  composition  to  soya  bean 
protein)  and  20%  oil  (similar  in  fatty  titid 
composition  to  cotton-seed  oil).  Ttie  bark  fibre 
is  easy  to  extract.  It  is  white  to  yellow  in  col- 
our, strong  but  ratlu  r  roarse.  Tests  conducted 
in  China  suggest  that  an  alcohol  extract  of 
Abelmotehu*  leaves  can  eliminate  oxygen  free 
radicals,  alleviate  renal  tubular-ini(>rstitial 
disonsos,  improve  renal  fiinction  and  reduce 
proteinuria. 

Deaeription  Stout,  annual,  erect  herb  up  to 
4  m  tall,  more  or  less  strongly  branched:  stem 
terete,  with  scattered,  8ti£f  hairs,  giabresceut, 
often  red-blotched;  brandies  erect  to  curved 
downwards.  Leaves  arranged  spirally,  simple, 
variable  in  shape  and  size:  stipules  filiform,  up 
to  2  cm  long,  often  split  to  the  base,  covered 
with  stiff  hairs;  petiole  up  to  60  cm  long,  often 
red-tingod,  with  n  lino  of  soft  simple  hairs  on 
the  upper  side,  otherwise  with  scattered,  stiff 
hairs  and  glabresoent;  blade  transversally  el- 
liptical to  orbicular  in  outline,  up  to  50  cm 
broad,  length  of  midrib  up  to  35  cm,  mostly  3-, 


Abelinoschua  esculentus  -  1,  floiiering  and 

fruiting  ahoot;  2,  fruit;  3,  seed. 

Redrawn  and  adapted  by  lakak  Syammdin 


5-  or  7-palmatilobcd  to  palmatipartito  cordate 
at  base,  5-9-veined,  segments  triangular, 
ovate,  elliptical,  obovate,  oblong,  spatulato  or 
laiuvolate  acuminate,  serrate  to  crenate. 
sometimes  entire  or  angular,  veins  on  both 
sides  with  scattered,  stiff  hairs,  glabresoent. 
Flowers  axillarv'.  solitarj'  or  racemose  by  reduc- 
tion or  abortion  of  the  upper  leaves;  pedicel  up 
to  3  cm  long  in  flower,  up  to  7  cm  in  fruit,  with 
scattered,  si  iff  hairs,  glabresceni:  epiralyx 
segments  7-15  free  linear  to  Innceol.Tte  .'i-2.t 
mm  X  0.5-3  mm,  acute  to  acummate,  caducous 
at  flowering  or  soon  after,  covered  with  stiff 
hairs;  calyx  spathaceous.  2^>  cm  long.  ■'5- 
toothed  apically,  usually  spUtting  on  one  side 
at  the  expaximon.  of  the  corolla,  adnate  to  and 
caducous  with  the  corolla  and  stammal  col- 
umn, strigose  to  seritvous:  petals  5.  free, 
ubuvate  tu  orbicular,  3—7  cm  long,  base  fleshy, 
apex  obtuse  to  retuse,  glabrous,  yellow,  often 

tuming  pink  after  nnthesis,  with  n  dark  purple 
centre;  stamens  united  into  a  staminal  column 
up  to  2.5  cm  l<mg,  white,  glabrous;  ovary  supe- 
rior, tomentose,  often  with  some  stiff  hairs  on 
the  costae  as  well  r)-lO  style  arms  3-6  mm 
long,  sligmas  dark  purple,  with  simple  hairs. 
Fruit  an  erect,  <ylindrieal  to  pyramidal  capsule 

.5—2.^  cm  X  ]—r>  cm.  aciiminale,  tercMe  lo  o-lO- 
angied,  concave  between  the  costae,  graikially 
losing  its  original  indumentum,  when  \nung 
varj'inR  in  colour  from  purple-red  and  reddish- 
green  to  (lark  green,  and  from  pale  green  to 
yellow,  completely  or  partially  loculicidal  or  not 
opening  at  all,  up  to  100-eeeded.  Seeds  globose 
to  ovoid,  3-6  mm  in  diameter,  with  minute 
warte  in  concentric  rows,  rarely  with  long  red 
hairs  on  the  seed  coat.  Seedling  with  epigeal 
germination 

Other  botanical  information  Ahchiwsrhus 
eaculeiUua  (usually  2/t  =  130)  is  probablj'  an 
amphidiploid  (allotetraploid),  derived  from 
AhelmoxchuH  tuhcrrulalns  Pal  &  H.B.Singh  (2» 
=  58),  a  wild  species  irova.  India,  and  a  species 
with  2n  =  72  chromosomes  possibly  Abelmo' 
schua  /iculneiis  (L.)  Wight  &  Am.  ex  Wight). 
Another  edible  okra  species.  Aliclnio.'n-Jiiis 
caillei  (A.Chev.)  Stevels,  occurs  in  the  iiumid 
parts  of  West  and  Central  Africa.  There  are 

strong  imlicnt  inns  that  also  Ahrlnin.srJiii.'^  caillm 
is  an  amphidiploid  with  Abelmoschus  esculen- 
tus  being  one  of  the  parental  species. 
There  are  no  aiqparant  differences  in  use  be- 
tween the  common  and  Urst  .African  okra, 
which  is  why  they  are  often  lumped  together. 
Morphologically  Abelmoaehua  caiUei  differs  in 
several  leqpects  from  Abdmoaehus  eamlentua, 
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but  the  cpicalyx  offers  the  best  diseriminatmR 
characteristic:  the  width  of  the  epicalyx  seg- 
ments is  0.5-3  mm  in  Abelmoschus  esculentua 
and  4—13  mm  in  Ahclinosvliii.s  vdillfi  Tlu'  two 
okra  species  can  be  quite  rehably  (but  not  with 
absolute  oettainty)  recognized  on  fhe  basis  of 
fruit  form.  Fruits  of  Ahrliiinscfnis  i-scn leu  fits 
are  cj'lindrical  to  pyramidal,  whereas  li-uits  of 
Abelmosehus  eaiUei  are  ovoid.  Literature  refer- 
t>n(-es  on  c-ommon  okra  havc>  lo  In  ini(M'preted 

with  cnre  boenuso  they  m;\y  include  informa- 
tion related  to  Abehnoschus  caillei. 
There  are  many  cultivars  of  common  okra. 
Some  of  the  hi  tti  i-  known  are  Clemson  Spine- 
less', 'Indiana',  Emerald'  (United  States)  and 
'Pusa  Sawani'  (India),  which  have  been  in  use 
for  about  30  years. 

Growth  and  development  I'nder  the  eon- 
ditions  of  southern  Cote  d  I  vol  re  (S^N),  local 
and  introduced  cultivars  flower  within  45-80 
dnys  after  sowing  in  the  <ln,-  senson  (sowing  in 
October:  days  shortening)  and  within  55-lf)f) 
days  after  sowing  in  the  rainy  season  (sowmg 
in  March:  days  length«iing).  Crop  duration 
rarely  exceeds  (J  tnenths. 

Flower  opening  and  pollination  take  place  m 
the  early  morning,  /dthough  basically  a  self- 
pollinated  cToji  consiriernldc  cross-pollination 
by  insects  may  take  place.  Fur  vegetable  use 
the  fruits  are  picked  about  one  week  after  an- 
thesis.  Hie  regular  removal  of  youn^,'  fruits 
permits  sustained  vegetative  growth  and  n<iw- 
ering,  prolonging  the  productive  period.  In  a 
seed  crop,  it  takes  about  one  month  from  an- 
thesis  to  fruit  maturity.  In  this  case,  vegetative 
growth  stops  soon  after  anthesis.  all  assimi- 
lates being  diverted  to  the  rei)roduciive  plant 
pa  rts. 

Ecology  Ahrliiiosrhiis  fsni Icii tii s  needs  tem- 
peratures above  20''C  for  normal  growth  and 
developmCTt.   Germination  percentage  and 

speed  nf  emergence  are  optimal  at  SO-SS'C. 
Flower  mitiation  and  flowering  are  delayed 
with  increasing  temperatures  (positive  correla- 
tion between  temperature  and  number  of  vege- 
tative nodes)  Ahrliiiuscfius  eaculeiitus  is  a 
short-duy  plant,  but  its  wide  geographical  dis- 
tribution (up  to  latitudes  of  36-40*)  indicates 
that  cidtivnrs  diffei-  m;u-kfi)ly  in  sensitivity. 
Flower  initiation  and  tlowcrmg  are  hardly  af- 
fected by  daylength  in  popular  subtropical  cul- 
tivars such  as  'Clemson  Spineless'  and  Tuaa 
Snwnni'.  Most  tropical  cultivars  show  quantita- 
tive short-day  responses,  but  qualitative  re- 
sponses also  occur.  The  shortest  critical 
daylength  reported  is  12  hotirs  30  minutes. 


This  explains  why  flowering  of  local  cultivars  of 
common  okra  is  only  quantitatively  affected  by 
daylength  in  the  coastal  areas  of  the  Gulf  of 
'luini'a  However,  more  inland  at  higher 

latitudes  (10°N)  one  can  occasionally  obsei-ve 
very  tall  non-flowering  plants  of  common  okra 
due  to  a  qualitative  response. 
Common  okra  tolerates  a  wide  variety  of  soils 
but  prefers  well-drained  sandy  loams,  with  pH 
(i-7.  and  a  high  content  of  organic  mailer. 

Propagation  and  planting  Most  farmers 
harvest  seed  from  ihcir  own  local  cultivar  or 
rather  heterogeneous  landraoe.  The  easiest 
way  to  keep  the  seed  is  to  leave  it  in  the  pods, 
Seed  weight  varies  from  30-80  g/iOOO  seeds. 
To  soften  the  hard  seed  coat,  the  seed  is  often 
soaked  in  water  or  chemicals  prior  to  sowing. 
The  seed  is  usually  dibbled  directly  in  the  field 
(1—3  seeds  per  hole).  Optimum  plant  densities 
are  in  the  range  of  50,000-160,000  plants/ha. 
Emergence  is  within  one  week  \\'ben  the 
plants  are  about  10  cm  tall,  they  are  thmned  to 
one  plant  per  hole. 

Germination  and  initial  growth  are  improved 
greatly  by  cultural  [nartices  that  lower  soil 
temperature,  e.g.  mulching,  watering  before 
the  hottest  part  of  the  day,  and  sowing  on  ridge 
sides  lcri<t  exposed  to  direct  sunlight. 

Management  Commiicial  okra  growers 
usually  practise  sole  crt^pj/ing,  and  prefer  the 
early,  homogeneous,  introduced  cultivars.  In 
traditional  agriculture,  farmers  grow  their 
okra  landraces  in  home  gardens  or  in  fields 
with  other  food  crops.  In  West  and  Central 
Africa  llic  l:mdr:ic<><  often  consist  of;!  mixture 
of  AbelmuacJius  esculfiitits  and  Abeliiioschus 
eaillei,  the  former  being  ])redominant  in  dry 
climates,  the  latter  in  humid  climates. 
The  iipt.ike  of  minerals  is  rather  high  Indica- 
tive figures  lor  total  nutrient  uptake  per  ha  of 
a  cnq)  with  a  finiit  yield  of  alMui  10  tAia  are 
ion  kg  N,  lOkgP,  60kgK,80kgCaand40kg 
Mg. 

Under  humid  tropical  conditions  a  full-grown 
crop  consumes  about  8  mm  of  water  per  day. 

Some  fiirmers  practise  ratoon  cnnijiing  .\  ra- 
loon  crop  llowers  soon  after  culling,  but  usu- 
ally results  in  poor  quality  fruit  with  a  high 

percent ;i<ic  ofbr-nt  frnits. 

Diseases  and  pests  The  most  serious  fun- 
gal diseases  of  okra  in  Africa  are  damping-off 
{Macrophomina  phaseolinu.  Pythiiiiii  apha- 
niriermnhnn .  Rhi:ortnnin  sniaiii).  vascular  wilt 
{Fiisariuin  oxyapomm),  Cercospora  blight  (Cer- 
eoapora  abelmoichi,  Cercospora  maktymiiij^ 
and  powdery  mildew  (Eryaythe  eiehoraeeamm. 
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Old  ill  m  abelin  osch  i) . 

Okra  mosaic  virus  (OkMV),  transmitted  by  flea 
beetles  (Podagrica).  is  widespread  in  Africa  but 
damage  is  murh  loss  impuHfint  than  that 
caused  by  okra  leal"  curl  disease  (OLCV), 
transmitted  by  whitefly  (Bemisia  tabaeii. 
VVhitctly  is  also  the  vector  of  yellow  vein  mo- 
saic virus  (BY\'MV),  a  major  cause  of  crop  fail- 
ure in  Asia.  These  viruses  can  only  be  oon- 
tri)llt''j  ihi-uuj^  oootrol  cif  the  vectors.  Nema- 
Idiii's  of  \hi-  <Toniis  Mfloidogyup  rnnsHtufr  a 
major  problem.  Damage  bj'  nematodes  is 
avoided  by  crop  rotation  (e.g.  with  cereals)  and 
by  large  applications  of  organic  manure, 
Important  pests  are  fruit  and  stem  borers 
(Ecaiat  spp.  and  Hdiothis  spp.,  Peetinophom 
goasypiella),  flea  beetles  (Podagrica  spp.)  and 
jassids  (Entfxxtacn  si)p.)  Chemical  control  is 
hazardous  because  crop  harvesting  is  frequent. 
Common  okra  is  in  general  more  serioudy  af- 
fertcd  by  diseases  and  pests  than  West  African 
okra. 

Harvesting  The  earliest  types  of  common 
okra  are  ready  for  first  harvest  at  7  weeks  after 
sowint;.  Fruits  should  be  harvested  when  7-8 
days  old.  Earlier  pickmg  depresses  yields  be- 
cause of  low  fruit  weight,  but  delasred  picking 

depresses  marketable  yields  liecnuse  over-n<j('d 
fruits  become  fibrous.  Okra  fields  are,  there- 
fore, harvested  at  intervals  of  2-3  days.  The 
minimum  frequency  is  once  a  week  but  then 
fruits  of  all  sires  have  to  be  picked.  .Although 
such  a  low  frequency  reduces  j'leld,  the  very 
small  fitiitB  can  fetdi  a  higher  price,  being  of 
prime  quahly  For  seed  pnnlu'  tion  the  whole 
crop  can  be  han'ested  once-over.  Intensive  con- 
tact with  the  slightly  hair>'  fruits  and  plants 
may  lead  to  skin  irritation. 

Yield  A  vegetable  yield  of  10  t/hn  ran  be 
considered  a  good  harvest,  but  yields  of  over  40 
t/ha  can  be  realized  under  <q[>timal  conditions. 

Yields  rire  usually  1n\v  (2-4  t/ha  )  ns  ri  result  of 
non-intensive  growing  methods.  Seed  yields 
are  in  the  range  of 500-1000  kg/ha. 

Handling  after  harvest  I<>esh  okra  can  be 
transported  quite  easily  in  bulk  and  kept  for  a 
few  days  without  much  loss  of  quality.  Dried 
okra  is  an  important  product  in  West  Afirica. 
Althouph  usually  sliced  transversally  lonirjtu- 
dinai  slicing  has  been  observed  in  Benue  State, 
Nigeria.  Such  shoes  dry  well  at  the  edges  but 
start  fermenting  from  the  middle,  ereoting  a 
imique  flavour.  Some  rovintries  have  a  small 
camimg  and  freezmg  industry. 
Okra  mucilage  can  be  obtained  by  grinding 
plant  material,  removing  waxes  and  fat  with 


ether  and  alcohol,  suspending  the  purified  ma- 
terial in  water,  filtering  and  concentrating  the 
filtrate. 

Genetic  resources  Local  landraces  in  Af- 
rica are  not  at  great  risk  of  genetic  erosion  at 
present.  Only  commercial  growers  tend  to 
switch  to  commercial  cultivars  of  common  okra. 
whereas  local  landraces  of  both  okra  species 
are  ubiquitous  in  subsistence  fanning. 
(Iermi)l;ism  base  collections  are  maintained  by 
the  Southein  Ivejiional  Plant  Introduction  Sta- 
tion (Griffin,  iJeorgia,  United  States),  NHR 
(National  Horticultural  Researdi  Institute, 
Ibadan.  Nigeria).  IRD  (Institut  de  Recherche 
pour  le  Developpement,  Montpellier,  France), 
CNRA  (Cmtre  National  de  Eecherches 
Agronomiques,  Bouake.  Cote  d'lvoire),  NBPGR 
(National  Bureau  for  Plant  Genetic  Resources, 
New  Delhi,  India)  and  IPB  (Institute  of  Plant 
Breeding,  Los  Baffos,  the  Philippines). 

Breeding  In  .Africa  selerrion  and  breeding  of 
common  okra  have  onlj'  been  carried  out  to  a 
limited  scale  by  the  commercial  sector.  Tedi- 
nisem  Seed  Company  in  Senegal  distributes 
improved  .African  cultivar-^,  e  i;  A'olta  suitable 
for  the  hot  and  cool  season,  and  the  Fi  hybrid 
Tiima'  with  high  tolerance  to  virus  diseases 

and  suitable  for  export,  .\frierin  farmers  have 
selected  an  enormous  diversity  of  forms  which 
fit  within  a  great  variety  of  cropping  systems. 
Some  of  these  are  available  from  local  seed 
houses.  International  breedinp  wei-1<  has  been 
oriented  towards  intensive  cultivation  with 
high  production  in  a  short  period  (early  matur- 
ity, compact  pl.-ints  with  short  intern od'>-^  hit;h- 
density  plantmg)  and  wide  adaptation  (phuto- 
period  insensitivity,  resistance  to  pests  and 
diseases).  Crossing  between  promising  parents 
combined  with  pedigree  selection  or  back- 
crossing  remnms  the  most  common  breeding 
procedure.  Several  attractive  American  and 
Indian  riilfi\'ars  ha\<'  found  their  way  to  com- 
mercial growers  tliroughout  the  tropics  and 
subtropics,  but  there  is  still  plenty  of  scope  for 
cultivar  improvement  in  Africa  for  the  com- 
mercial sector  (uhrrf  yood  alternatives  for  the 
introduced  cultu  ars  are  needed  with  better 
adaptation  to  local  conditions)  as  well  as  for 
the  traditional  sector  (where  hardy,  robust, 
long-lived  types  are  required).  Nevertheless, 
isozyme  analysis  has  shown  a  rather  low  level 
ol  11'  lie  diversity  in  cultivated  okra  in  spite 
ol  mu<  h  phenot\7)ir  variability.  Theiv  is  little 
information  on  impro\  ement  usmg  biotechnol- 
ogy apart  from  in-vitro  DNA  extraction  and 
plant  regeneration  from  various  explants  and 
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callus  tissue. 

The  characteristics  of  both  okra  species  open 
up  new  op|ii)i  t  unit  ICS  for  recombination.  They 
cross  readily  m  Ixith  directions  and  crosses 
result  in  vigorous  hybrids;  these,  however, 
show  a  maiked  reduction  in  fertility.  Neverthe- 
less, seed  is  formed  by  interspecific  hybrids 
under  conditions  of  open  pollination,  probably 
due  to  backcrossing  with  fertile  pollen  of  one  of 
the  prircnlal  sjjecit^s  Prn-bhnni  Kranti  was 
bred  in  this  way  in  India,  with  Y\'M\'  resis- 
tance/tolerance derived  from  Abelmosclms 
caillei. 

Although  occurrint;  together  in  farmers'  fields 
in  West  Africa,  the  genetic  integrity  of  the  two 
okra  species  is  largely  assured  because  ciianoes 
are  small  that  the  unproductive  Fi  hy- 

brids w  ill  be  selected  as  seed  sources  for  the 
next  crop. 

Prospects  Okra  will  remain  a  welcome, 

productive  fniit-vepel able.  The  relntivrly  re- 
cent discoveiy  that  West  African  okra  is  differ- 
ent from  common  okra  offers  new  possibilities 
in  ail  "III  crop  Okra  improvement  will  also 
greatly  l)enefit  from  a  better  understandini^  of 
the  phylogeny  and  species  relations  within  the 
genus  Abelmotefuis, 
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ACALVl'UA  llir.\Kl'ITA  iMull.Arg. 

Protologue  Flora  47:  ."i.^S  (1864). 

Family  Euphorbiaceae 

Synonyms  Rieiaocarpits  bipartitas  (Miill. 
Arg.)  Kuntze  (1891). 

Vernacular  names  \iharha  (Swt 

Origin  and  geographic  distribution  Acaly- 
pha  bipartita  is  widely  distributed  in  Central 
and  East  Africa;  it  is  found  in  DR  Congo, 


Rwanda,  BurunoU,  Sudan,  Kenya^  Uganda  and 
Tanzania. 

Uses  Young  leaves  and  shoot  s  <>f  Acali^>ha 

hiparlilii  are  eaten  as  a  vet;etable.  They  have  a 
bland  or  slightly  bitter  taste  and  are  chopped 
and  added  to  cooking  beans  or  peas  and  the 
mixture  is  ser\'ed  with  a  staple  food.  Acalypha 
bipartita  is  also  useful  as  fodder  and  its  stems 
are  used  to  make  baskets  for  winnowing  and  in 
construction  of  granaries.  Several  Aealyphn 
species  (e.g.  Aralypha  iiulira  I..)  are  used  in 
local  medicine  for  a  variety  of  complamts,  but 
no  medicinal  uses  have  been  reported  for  Aea- 
lyplid  hipdilila. 

Properties  No  data  on  composition  are 
available  for  Acalypha  bipartita,  but  shoots  oS 
Aealypha  indiea  contain  per  100  g  edible  por- 
tion: water  80  g,  energy  269  kJ  (64  kcal),  pro- 
tein 6.7  g,  fat  1.4  g,  carbohydrate  6  g,  fibre  2.3 
g,  Ca  667  mg,  P  99  mg,  Fe  17  mg  and  aacoibic 

acid  1  17  mrr  (Sircpar,  200 l  i. 

Botany  Monoecious,  scrambling  subshrub, 
up  to  3  m  tall,  with  subquadrangular,  sparsely 
to  densely  pubescent,  green  to  red-brown 
stems.  Leaves  alternate,  simple  stipules  subu- 
late, up  to  4  mm  long;  petiole  up  to  7  cm  lung; 
blade  ovate  to  elliptical-ovate,  3-11  cm  x  1-8 
cm,  base  roiind(Ml  ,ind  .*)-veined,  apex  acumi- 
nate tu  rounded,  margms  serrate,  sparmgly 
pubescent,  lateral  veins  4-6  pairs.  Inflores- 
cence spicate  or  .subracemose,  axillary,  soli- 
tary uj)  to  1  I  cm  long  bracteate  with  a  ter- 
minal male  portion  and  1-2  female  units  be- 
low the  male  portion.  Flowers  unisexual,  ses- 
sile, without  petals:  male  flowers  ureen-white. 
calyx  4-partUe,  stamens  8;  female  flowers 
enclosed  by  large,  folded,  dentate  bracts  1—1.6 
cm  in  diameter,  sepals  l  n.ingular-ovate, 
ovary  superior,  3-celled  tilobosc  to  :^-lohed, 
styles  3,  free,  3-6  mm  long.  Fruit  a  3-lobed 
capsule  c.  2.6  mm  x  3.5  mm,  smooth,  pubes- 
cent, 3-seeded-  Seeds  subglobose,  1.5-2  mm  in 
diameter,  grey-brown. 

Aealypha  is  a  large  genus  comprising  about 
450  species,  occurring  mainly  in  the  tropics  but 
extending  to  warm  temperate  areas  Tropical 
Africa  and  Asia  have  about  2o  species  each, 
tropical  America  about  400.  The  following  spe- 
cies are  used  as  a  vepet.ablo  in  the  same  way  as 
Aealypha  bipartita:  Acalypha  ciliuta  Forssk.  in 
Benin  and  Nigeria,  Acalypha  fnitieoaa  Forssk. 
in  Tanzania.  Acalypha  iudica  L.  in  India  and 
Indonesia,  Acalypha  nniata  Hochst.  ex  A.Rich, 
m  Tanzania  and  Acalypha  segelalis  Miill.Arg. 
in  Nigeria.  However,  the  medicinal  uses  of 
these  species  are  more  important,  except  for 
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the  latter. 

Ecology  Acalypha  biportilo  grows  in  forest 
undergrowth  and  forest  edges  extending  into 
wooded  grassland  mainly  in  disturbed  loeali- 
ties,  at  1000-1500  m  altitude.  It  prefers  sandy 
loams,  but  grows  on  a  wide  range  of  soils,  usu* 
ally  in  areas  with  an  annuid  rainfall  of  900- 
150U  mm.  It  can  be  an  invasive  weed  m  grazing 
areas. 

Management  Acalypha  bipartiia  IB  coUiKt^ 
from  the  wild  usually  in  the  rainy  season  but 
ui  riverine  locations  all  year  round. 

Oenetie  resources  and  breeding  Aealy- 

phii  hipiirtila  is  common  in  its  distribution 
area  and  not  in  danger  of  genetic  eroaion. 

Prospects  Acalypha  bipartita  is  without 
large  commercial  possibilities,  but  the  use  as  a 
It  afv  ve^M  table  and  fibre  plant  will  remain  of 
local  importance. 

M^jor  references  Katende,  A.B.,  Ssegawa, 
P.  &  Rimio,  A.,  I'MMt;  Radrliffe-Smith,  A.,  1987; 
Ruffe,  C.K.,  Bimie,  A.  &  Tcngnas,  B.,  2002. 

Other  references  Siregnr,  A.H..  2001;  Bur- 
kill.  H.M  .  1994:  (Gilbert.  M.G.,  199.J.  Gilbert, 
M.G.,  llohnes  S,  &  Thulm.  M.,  1993:  Keay. 
R.W.J.,  iy58b;  Leonard.  J.,  1962;  Radciilfe- 
Smith.  A.,  1996. 

Antliors  P.C.M.  Jansen 

AcANTHOPHOENK  RUBRA  (Bory)  H.WendL 

Protologue  Fl.  Serres  Jard,  Eur.  16;  181 
(1867). 

Family  .Xvi'dn-cm^  fPalniae) 

Synonynu  Arcca  mbm  Borj'  (1804),  Acau- 
tkophoenixerutita  (Bory)  H.Wendl.  (1867). 

Vernacular  names  Barbel  palm,  red  ]>alni 
Masrarf'TTP  Islands  r  nliliae<'  l^dm  (Imi  )  I'.alm- 
iste  rouge,  palmiste  bourre,  palmiste  des  bois, 
palmiste  des  hauts,  palmiste  dpineux,  palmiste 
z6])inr-^  palmisti' piquant  (Fr) 

Origin  and  geographic  distribution  Accui- 
thophoenix  mbra  is  endemic  to  Reunion,  Mau- 
ritius and  Rndrit,'Ui's. 

Uses  The  [lalni  lu'art  (jialm  cabbage)  is  edi- 
ble and  much  appreciated  in  lieunion  and 
Mauritius  as  a  delicacy.  A  decoction  of  the 

roots  is  used  as  a  diuretic  Aran Ihophofnix 
mbixi  is  cultivated  as  an  ornamental,  also  out- 
side its  natural  range. 

Pziqpertiea  The  palm  heart  of  Acantiu^hoe- 
nix  nibra  is  very  susceptible  to  enzymatic 
browning,  caused  by  polyphenol  o-xidases,  espe- 
cially catecholaaes. 

Botany  Palm  with  aolitaxy  trunk  up  to  12  m 


tall  and  up  to  18  cm  in  diameter,  sometimes 
enlarged  at  base.  Leaves  c.  10  in  crown,  ar- 
ranged s|iii  ;dly.  up  to  3  m  long,  pinnately  com- 
pound: siieath  ;in-/iO  cm  long  red  turning 
brown  at  maturity,  w  ith  numerous  spmes  up  to 

11  cm  long  and  diedding  at  maturity;  petiole 
up  to  .30  cm  long,  often  spiny;  leaflets  in  25-05 
pairs,  up  to  105  cm  x  4  cm,  with  bristles  on 
midrib  above.  Inflorescence  below  the  leaves, 
up  to  50  cm  long,  peduncle  short,  bi-anchc  s  long 
and  pendulous  unarmed  or  with  ilark-brown 
spines  up  to  15  cm  long.  Flowers  unisexual,  3- 
merous,  white  or  cream-coloured,  arranged  in 
triads  of  2  male  llnwi'is  and  1  female  flower; 
male  flowers  with  imbricate  sepals  c.  2  mm 
long,  valvate  petals  up  to  8  nun  long  and  (4-)6— 

12  stamens:  female  flowers  with  imbricate  se- 
pals c.  3  mm  long,  imbricate  |iftals  up  to  5  mm 
long,  6-9  small  staminodes  and  superior,  !• 
celled  ovary.  FVuit  an  ellipsoid  to  globose  drupe 

up  to  1  cm  long  1 -seeded.  Seed  globose  c  7 
mm  in  diameter,  brown;  endosperm  homogene- 
ous. 

Ae€aUh<q>homix  comprises  a  single  but  variable 

species. 

Ecology  AcaiiUtophuenix  rubra  occurs  in  the 
upland  mixed  moist  forest  and  heath  sites  of 

Mauritius  above  50(1  m  altitude  In  Reimion  it 
grows  at  500-15UO  m  altitude.  It  is  reported  to 
tolerate  lig^t  frost. 

Management  Acanthophoenix  mbra  is 
propagated  by  seed  It  is  cultivated  both  in 
Reunion  and  Mauritius  for  its  palm  heart  and 
as  an  ornamental.  It  is  quite  easy  to  grow,  but 
should  be  protected  from  full  sunlight  when 
young.  Weed  control  is  essential  in  the  early 
stages  of  development.  Fairly  large  amounts  of 
organic  matter  in  the  sml  stimulate  growth. 
Ac'iiilhoj^haeuix  rubra  has  been  tested  in  on- 
farm  diversification  programmes  in  the  north- 
eastern highlands  of  Reunion. 

Genetic  resources  and  breeding  Wild 
AcanthophoenLv  mbm  was  common  in  the  past, 
but  has  become  rare  in  Mauritius  due  to  un- 
controlled collection  of  palm  heart.  In  Reunion 
it  also  became  rare  because  of  the  est.ablish- 
ment  of  sugarcane  plantations  and  palm  heart 
collection.  The  total  natural  population  is  esti- 
mated at  about  l.'^OO  palms  hily  about  100 
reproductive  individuals  are  present  in  Mauri- 
tius, and  most  of  them  are  quite  isolated. 
Natural  regeneration  seems  poor.  Introduced 
animals,  e.g.  rats,  snails  (Arhafiiia  spp.)  and 
domestic  pigs,  are  predators  of  the  fruits  and 
seedlings.  AetaUhophoenix  mhra  is  listed  as 
critically  endangered  on  the  lUGN  Red  Last.  A 
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large  population  has  been  located  on  Rodriguca 
and  founder  palms  for  a  restoration  pro- 
gramme are  being  identified.  Barbel  pahn  is 
common  in  cultivation  as  an  ornamental  in 
Mauritius  and  Ueunion  and  is  occasionally 
grown  elsewhere. 

Prospects  Palm  heart  production  on  a 
commercial  scale  is  an  option  if  the  plantations 
can  be  protected  effectively  until  the  commer- 
ciaUy  interesting  age.  The  smgle  stem  habit, 
however,  is  n  major  drawhnck.  Other  pahn?  are 
being  tested  on  an  experimental  scale  in  Reun- 
ion as  possible  replacements  for  Aecmtlu^hoe- 
nix  rubra:  Euterpe  oleraci'ii  Mart,  (assai  palm) 
and  Bactria  gasipaes  Kunth  (pejibaye  or  peach 
pahn),  both  with  higher  growth  rates  and  with 
the  great  advantage  of  being  palms  with  clus- 
tering stems.  AcaitthupJiuciiix  rubra  is  an  at- 
tractive ornamental  palm,  with  its  dark  red 
spiny  leaf  bases.  It  is  quite  rare  in  interna- 
tional trade  and  a  real  collector's  item.  Seed 
collection  should  be  restricted  to  cultivated 
plants. 

Major  references  ( >ui  ib-Fakim,  A.,  2002; 
Gurib-Fakim.  A..  Gueho.  J.  &  Bissoondoyal 
M.D.,  1995;  Maunder,  M.  et  el,  2002;  Moore, 
H.E.  &  Gu£ho,  L.J.,  1984;  Normand,  F.,  1999. 

Other  references  TUCN.  20()i'  Kew  Con- 
servation Stafi;  1996;  Palmarium,  2003; 
Robert.  C,  Rouch,  C.  &  Cadet,  P.,  1997;  Tuley, 
P.,  1995;  llhl,  X  \    L  Dransfield.  J.,  1987. 
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ACANTHOSICYOS  HORRIDU8  Welw.  ex  Hook.f. 

Protologue  Benth.  &  Hook.f.,  Gen.  pi.  1(3): 
824(18{;7) 

Family  <  "ui  ui-liilaceae 

Vernacular  names  Nara,  nara  bush,  nara 
melon  (En).  Nara,  melon  nara  (Fr).  Nara  (Po). 

Oligill  and  geographic  distribution  .\r<in- 
thoneyoa  horridus  is  endemic  to  the  Namib 
Desert  of  the  south-west  coast  of  Africa  and 
occurs  from  southern  Angola,  through  Namibia 
to  South  Africa  (north-western  Xamaqiuiland), 
The  distribution  ol  nara  is  limited  to  the 
coastal  part  of  the  Namib  Desert  where  it 

prows  i  xrlusively  in  the  sand  dunes  of  mostly 
diy  river  beds  where  subsurface  water  is  avail- 
able. Before  the  introduction  of  maize  into 
southern  Africa,  nara  was  a  traditional  staple 
food  .\rcheological  evidence  indicates  that  it 
has  been  a  staple  food  for  at  least  8000  years, 
and  was  transported  and  perhaps  even  traded 
that  long  ago.  It  has  not  been  domesticated  and 


Accutthoaieyoa  horridua  -  wild 

attempts  to  introduce  it  elsewhere  have  not 

hi  on  successful. 

Uses  The  seeds  of  nara,  known  as  butter- 
nuts or  butterpips,  are  eaten  either  fresh  or 
roasted  as  a  snack  food,  or  ground  into  flour  for 
cuoking  with  other  dishes  They  are  a  good 
substitute  for  almonds,  and  have  been  exported 
to  bakeries  in  Cape  Town  for  use  in  confiBCtion- 

rrv.  In  Xamiliia  rijic  fruits,  which  arc  swcci 
and  juicy  and  about  900  g  in  weight,  are  either 
eaten  raw  and  relished  for  their  high  water 
content,  or  made  into  a  traditional  preserve, 
the  dried  fruit  pulp  being  made  into  flat  cakes. 
Xara  is  also  eaten  as  a  famine  food. 
Young  stem  tips  are  browsed  by  livestock.  The 
bitter  mnts  hni'  niciliciiiid  value  Either 
chewed  or  made  into  a  decoction,  they  are  used 
to  treat  nausea,  stomach-adie,  venereal  dis- 

ea.ses,  kidney  [  1  ins  arteriosclerosis  and 
chest  pains.  Tin  t  rushed  root  mixed  with  fat  is 
used  to  heal  wounds.  Oil  from  the  raw  or  boiled 
seeds  is  used  as  a  skin  moisturizer  and  to  pro- 
ti-ft  the  sk"in  fj-'im  simburn. 

Production  and  international  trade  There 
is  no  commercial  production  of  nara  fruits. 
Trade  in  seeds  between  Namibia  and  South 
Africa  has  been  reported,  but  no  statistics  are 
available. 

Properties  The  composition  of  the  seeds  per 

ion  g  edible  portion  is:  water  5,-'^  g,  energj* 
2709  kJ  (647  kcal),  protein  30.7  g,  lat  57.0  g, 
carbohydrate  2.3  g,  crude  fibre  1.3  g,  Ca  100 
mg  Mg  363  mg ,  Fe  4.0  mtv  Zu  o.5  mg,  niacin 
2.2  mg.  The  composition  of  fresh  fniits  per  100 
g  edible  portion  is:  water  84  g,  energy  231  kJ 
(65  kcal),  protein  1.4  g,  fat  0.3  g,  carbohydrate 
11.7  g,  fibre  1.0  g,  Ca  21.4  mg,  Ms  19.0  mg,  P 
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22.1  niR,  Fc  0.5  mg,  Zn  0.6  mg,  carotcno  0.12 
mg,  thiamin  0.01  mg,  riboflavin  0.02  mg,  niacin 
0.75  mg  (Van  den  Eynden,  V.,  Veraemmen,  P. 
&  Van  Damme  P,  1992)  The  ripe  fruits  are 
aromatic  and  the  pulp  is  rich  m  sugars.  The 
fruit  pulp  and  plant  sap  contain  a  non-volatile 
enzyme  which  curdles  milk.  A  high  percentage 
of  the  seed-oil  is  made  up  of  polyunsaturated 
fatty  acids,  with  a  linoleic  acid  content  of  53%. 
<  in  en  unripe  fruits  contain  varying  amounts  of 
hii^hly  oxyponntofl  trtrnryrlir  t  riterponoids. 
called  cucurbitacms.  Cucui-bitacms  B  and  D 
have  been  identified  as  the  primary  source  of 
bitterness,  together  with  trtices  of  cucurbi- 
tacins  G  and  H.  These  compounds  cause  a 
burning  aenaatiim  in  the  mouth.  As  the  fruits 
ripen  they  rapidly  lose  their  bitterness  under 
the  influence  of  the  enzyme  elaferasc  The 
same  four  cucurbitacms  are  found  in  higher 
concentrations  in  the  dried  root.  The  bitter 

]irinciples  occur  ns  nplyconos  in  the  fruits  Init 
as  glycosides  in  the  roots.  The  LDso  of  cucurbi- 
tadn  B  administered  intraperitoneal^  to  mice 
is  1  mg/kg,  and  this  dose  produces  pulmonary 
oedema.  The  fruit  juice  contains  germination 


AciuUhoswyos  hoiridus  -  1,  habit  of  fmitUig 
plant;  2,  male  flower;  3,  female  flower;  4,  aeeds. 
Redrawn  and  adapted  by  lakak  Syamtudm 


inhibitors,  which  act  to  a  large  extent  by  an 
osmotic  stress  factor.  The  starches  are  of  an 
unusually  small  size,  which  renders  them  suit- 
able in  the  production  of  biodegradable  plas- 
tics. 

Description  Perennial,  dioecious,  strongly 

branched  shrub  up  to  1  m  tall  and  15(-40)  m  in 
diameter,  with  a  verj'  long,  woody  taproot; 
stem  longitudinally  grooved,  pale  yellowish  to 
pale  gre(>n,  .si)iny:  spines  in  pairs,  2-3  cm  long. 
Leaves  reduced  to  minute  scnles  nppnrently 
absent.  Flowei-s  unisexual,  regular,  5-moious, 
sessile  or  shortly  stalked  in  spine  axils;  caljrx 
campanulate,  with  ovate  lobes  greyish  hairy; 
corolla  deeply  lobed,  lobes  broadly  ovate,  c.  1 
em  long,  fleshy,  pale  yellow  or  pale  green;  male 
flowers  solitary  or  fosciculate,  with  S-.'j  sta- 
mps; female  flowers  solitary,  uiih  -"i  elongate 
Staminodes  and  inferior,  ovuid  ovar}  densely 
covered  with  oblong-oonical,  2-2.6  mm  long, 

.soft  .spines,  style  columnnr,  \\ith  two- 
homed  flat  or  capitate  stigmas,  i'l'mt  a  subglo- 
bose  berry  up  to  20  cm  in  diameter,  covered 
with  s[>in>  protuberances,  ripening  from  green 
to  pale  yellow  or  pale  ornntjc-yellow  many- 
seeded.  Seeds  embedded  in  yellow  to  orange- 
yellow  pulp,  oblong  or  ovoid,  12-16  mm  x  7-11 
mm  X  T->-i  mm,  cream-coloured,  hard  with  a 
thick  testa. 

Other  botanical  iuformatioBi  Acanthosi' 

eyos  comprises  2  species  and  is  placed  in  the 
tribe  Drniiira.wae,  together  with  important 
genera  includmg  Benincasa,  Citmlkia,  Coc- 
einea,  Lagenaria  and  PraecitruUue.  Aeanthosi' 
cvo.s  iiitii(h'itiiiiiiis  fSonii )  r,.Ieffrey  differs  no- 
tably from  AcaiUhosicyua  korridus  in  its  creep- 
ing, aimual,  leafy  stems. 

Growth  and  development  Nara  is  able  to 
survive  in  a  h\7)er-arid  desert  climnte  because 
of  its  woody  taproot  that  grows  deep  into  the 
sand  allowing  it  to  reach  subterranean  water. 
It  can  survive  in  years  without  nny  rrnnfnll  and 
in  some  areas  it  is  the  only  plant  species  found. 
A  single  nara  shrub  can  cover  an  area  of  up  to 
1500  m-  Nearly  40%  of  the  plant's  above- 
ground  biomass  is  made  up  of  spines  the  rest 
of  stems.  In  the  absence  of  leaves,  photosyn- 
thesis takes  place  in  these  spines  and  stems. 

The  dense  Inttice-like  trrowth  of  older  stems 
senses  to  catch  and  bind  wmdblown  sand,  act- 
ing as  a  dune  stabiUzer  and  thus  the  plant 
builds  up  its  own  dune  micro-ecosystem.  Male 
plants  produce  more  flowers  than  the  female 
ones  and  may  flow  er  nearly  all  year  long,  with 
a  decline  in  flower  production  during  early 
winter  (May-July).  Female  planta  flower  from 
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AuRUst-April,  nnd  thrir  fi-uits  mature  from 
Derpinber-May.  Having  sticky  pollen,  nara  is 
probably  pollitiated  by  insects.  G^ennination 
b.is  licen  reported  by  local  inhabitants  to  oeour 
only  after  rain.  The  age  of  mature  fruiting  nara 
plants  may  exceed  100  jrears. 

Ecology  The  coastal  Xamib  Desert  where 
nara  is  found  ireceives  extremely  low  and  vari- 
able amounts  of  rainfall,  the  annual  average 
not  exceeding  100  mm,  and  in  some  years  there 
is  tin  rnin  nt  all.  Proripitnt  jnn  is  aupmontnd  by 
the  frequent  occurrence  of  fog.  The  distribut  ion 
of  nara  roughly  approximates  the  inland  timits 

of  the  fiiL:  licit  Ti'mperatures  alrniK  the  const 
are  fairly  constant,  the  mmunum  averagmg 
16*C  and  the  maximum  2PC.  Due  to  the  con- 
stantly shifting  dunes,  soil  formation  does  not 

occur  thus  presenting'  «  nutrient-poor  plant 
environment.  The  mineral  composition  of  the 
dune  sands  is  quartz,  feldspar  and  garnet. 

Sands  undemenfh  nnra  jilnnls  arc  cxccpl  ion- 
ally  low  in  nitrogen  and  phosphorus  content. 
Other  plants  sometimes  found  growing  in  asso- 
ciation  with  nara  ;n>  ihc  dune  grass  Stipa- 
groatis  suhulimhi  (I'lli;.)  De  Winter,  and  the 
leaf  succulent  J  nantheina  lieix'ruen^is  Schmz. 
Nara  plays  an  important  ecological  role  in  the 
Namili  Desert,  providing:  .shelter,  food  and  wa- 
ter for  many  speciea  of  invertebrates,  reptiles, 
mammals  and  birds,  some  of  which  are  en< 
demic  and  depend  entirely  on  nara  for  their 

BUnival 

Propagation  and  planting  The  IQOO-seed 
weight  of  nara  is  about  300  g.  Seeds  germinate 
easily,  but  plants  seldom  flourish  in  cultiva- 
tion. 

Management  Nara  fruits  are  collected  from 

wild  plant  populations.  They  are  neither  culti- 
vatc'd  nor  domfsl icatod.  .Attempts  to  domesti- 
cate the  nara  bush  have  been  unsuccessful  for 
reasons  relating  to  its  very  spedfie  habitat 
requirements.  Each  family  of  the  Tnpnnar  pro- 
pie  of  the  Lower  Kuiseb  Valley  near  Walvis 
Bay,  Namibia  owns  a  number  of  nara  bushes, 
which  are  considered  private  property,  but  not 
includini;  the  land  they  erow  on.  Harvesting  is 
only  allowed  from  the  plants  owned  by  the  fam- 
ily concerned. 

Har\'esting  At  the  time  nara  fruits  botjin  fo 
ripen  (from  December  onwards)  many  Topnaar 
fnmiUes  move  to  the  nara  fields  to  harvest  and 
process  the  fruits.  Hie  harvesting  can  last  until 
May. 

Handling  after  harvest  The  Topnaar  peo- 
ple process  the  nara  fruits  into  a  preserve.  Ripe 
fruits  are  collected  and  either  buried  in  the  soil 


or  left  in  the  sun  for  softenmg,  after  which  they 
are  peeled  and  then  boiled  until  the  seeds  be- 
come loose.  The  pulp  is  allowed  to  thicken  and 
turns  into  a  dark  orange  colour  After  separat- 
ing the  seeds,  the  thick  remainmg  pulp  is 
poured  out  and  allowed  to  diy  in  the  sun.  It 
solidifies  in  a  few  days,  foriniiii,'  Hat  leathern- 
cakes,  called  goa-garibeb ,  which  are  then  cut 
into  strips  or  rolled  up  for  storage.  These  fruity 
rolls  have  ^ood  keeping  qualitj'  and  can  be 
chewed  or  added  to  porridge  for  the  remainder 
of  the  year.  The  seeds  are  sieved  from  the 
boiled  fruit  flesh,  dried  in  the  sun  and  stored 
for  eating,  grinding  into  a  flour,  or  sale  to  trad- 
ers. Raw  seeds  are  separated  from  the  fruit 
pulp  by  nibbing  them  in  the  sand. 

Genetic  resources  Over  the  past  20  years 
there  has  been  a  reduction  of  possibly  as  much 
as  one  third  in  the  Hvym  of  the  nara  populations 
being  harvested  by  the  Topnaar  along  the 

Kuiseb  River.  The  construction  of  a  flood- 
retaining  dam  coupled  with  dune  encroadi- 
ment  has  stopped  the  flow  of  surfooe  water. 
However,  there  are  uninhabited  areas  along 
the  coastal  Xamib  Desert  where  nara  still  oc- 
curs abundantly.  Germplasm  of  Acanthosicyoa 
horridus  is  held  at  the  National  Plant  Genetic 
RcNi  ui-i'  ■>  ^ 'enlr<-  \\'indhoek,  Namibia- 
Prospects  Although  today  nara  dues  not 
pia}  as  intrinsic  a  role  in  the  lives  of  the  Top- 
naar people  as  it  did  before,  it  remains  an  im- 
portant part  of  their  tradition  and  culture  Its 
protection  should  be  a  high  priority  to  ensure 
human  survival  in  the  Namib  Desert  and  for 

combating  (lesei-t  encroachment,  Research  is 
bemg  undertaken  m  Namibia  on  the  germma- 
tion  and  possible  cultivation  of  Acatithoaicyos 
horridus  to  explore  its  cost-effectiveness  as  a 
crop.  Namibinn  scientists  are  currently  wnrk- 
uig  with  the  Topnaar  to  sustam  and  improve 
the  existing  nara  fields.  There  may  be  further 
potential  in  the  seed  trade  and  mnrkofing 
skills  and  techniques  could  enable  the  Topnaar 
to  see  a  better  income  from  the  sale  of  nara 

si'i.'ds. 
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ACANTHOSICYOS  NAUDINIANUS  (Sond.) 

CJelTrey 

Protologue  K.  «  Bull.  16(3):  346(1962). 
Family  Cucurbitaceae 
Chromosome  number  n  =  1 1 

Synonyms  Ciiciiinis  naudinianua  Sond. 
(1H(;2).  CitruUus  iiaiKliiimiius  (Sond.)  Ilook.f 
(1871),  Colocynlhis  nauiiiunua  (Sond.)  Kunlze 
(1891). 

Vernacular  names  FIorTro  cucumber,  gems- 
bok  cucumber,  wild  molon  (En). 
Origm  and  geographic  distribution  Acan- 

thosicyos  naudiiiiaiiiis  is  native  to  Zambia 
Anyoln   Nfimiliia.  Botswana,  Zimbabwe,  Mo- 
zambique and  South  Al'rica. 
Uses  Hie  mature  fruits  of  Acemihotieyos 

iiaiiffiiiintnis  arc  cnlcn  raw  or  roasted  unrifn' 
fruits  cause  a  burnmg  sensation  of  the  tongue 
and  lips  when  eaten  raw.  The  fruit  also  pro- 
vidrs  :in  important  source  of  water.  The  fruit 
skin  and  the  soods  are  roa.sted  and  pounded  to 
make  a  meal.  The  tuberous  roots  are  consid- 
ered inedible  or  even  poisonous  and  in  Zambia 
they  have  been  reportedly  used  for  homicidal 
purposes.  The  preparation  and  use  of  arrow 
poison  made  from  the  roots  of  Acanlhotieyoa 
ntmdinianii.i  is  widespread  among  bushmen 
tribe*  in  \ntjola,  Namibia  and  Botswana. 

Properties  Some  Acanlliosicyos  luiudinia- 
HU9  plants  produce  bitter  fruits.  The  bitter 
taste  is  attributed  to  cucurbit  arin  B  (c. 
0.001%).  Fruits  contain  per  100  g::  water  90.6 
g,  energy  111  kJ  (27  kcal),  protein  1.3  g,  fat  0.2 
g,  carbohydrate  4.8  g,  fibre  2.1  g,  Ca  21  mg,  Mg 
23  mg.  P  25  mg.  Fe  0.5  mg,  thiamin  0.09  mg 
riboflavin  0.03  mg,  niacin  0.98  mg  and  uscurbic 
add  36  mg  (Arnold,  T.H.,  WeUs,  M.J.  &  Weh- 
meyer,  .\.S  198.5).  The  .seed  kemel  yields  r. 
15%  thin,  yellow  non-drying  oil,  and  the  resi- 
due contains  c.  20%  protein.  In  the  older  roots 
the  total  content  of  cucuibitacins  amounts  to 
1.1%.  Cucurbitacins,  which  are  also  known 
from  other  Cucurbitaceae  and  various  other 
plant  qiecies,  exhibit  lytotozicity  (including 
antitumour  activity)  and  anti-inflammatoiy 


and  analgesic  activities. 

Botany  Perennial,  dioecious,  scandent  herb 
with  solitary,  q>inifonn  tendrils;  root  tuberous, 
up  to  1  m  long:  stem  annual,  up  to  (>  m  long, 
rooting  at  the  nodes,  glabrescent.  Leaves  alter- 
nate, simple:  stipules  absent;  petiole  0.7—7.5 
cm  long:  blade  ovate  to  broadly  ovate  in  out- 
line, usually  deeply  palmately  5-lobed,  3—18  cm 
X  2.6—14  cm.  Flowers  solitary,  unisexual,  6- 
merous;  petals  yellow  to  white,  1.4-2.6  cm  x 
O  f)  1.:'.  cm;  male  flowers  with  pedicel  up  to  2 
cm  long,  receptacle  campanulate,  up  to  6  mm 
long,  pale  green,  sepals  up  to  6  mm  x  1.5  mm, 
stamens  ;^  ur  H:  female  ilowers  with  periieel  up 
to  8  cm  k>ng,  receptacle  cylindrical,  3  mm  long, 
sepals  3—4  mm  long,  3  small  ataminodes,  ovaiy 
inferior,  spiny.  Fruit  an  ellipsoid  or  subglobose 
berry  0-12  cm  x  4-8  cm.  weight  e  250  g, 
fleshy,  covered  with  seta-lipped  fleshy  spines, 
many-seeded.  Seeds  ellipsoid,  slightly  com- 
pressed, 7. .5-10  mm  X  -i-C,  mm. 
Acanthosicyoa  comprises  2  species  tmd  is 
placed  in  the  tribe  Benincaseae  together  with 
important  genera  such  as  Bc/fmoa^a.  Cocciiiia, 
Ciimllus,  Lagenaria  and  Prat'citrulliis  The 
better  known  nara  melon  (Acanthoaicyus  lior- 
ridut)   difiers  notably  from  AeanihMieyoa 

naudinianushy  its  shrubby  habit  Mn<i  leafless, 
spiny  stems,  and  is  restricted  to  Angola,  Na- 
mibia and  South  ^rica. 

Elephants  feed  on  the  fruits  and  may  play  an 

important  role  in  the  dispersal  of  seeds. 

Ecology  Acanthosicyoa  iiaudinkniua  is  a 
typical  Kalahari  species  which  prefers  deep 
sandy  soils,  It  occurs  in  woodland,  wooded 
grassland  and  grassland  at  altitudes  of  900— 
1360  m.  It  is  not  frost  tolerant  but  tolerates  a 
saline  subsoil. 

Management  The  fruits  of  Acan  thosicyos 
natidinianus  are  exclusively  collected  from  the 
wild. 

Genetic  resources  and  breeding  There  is 
no  mdication  that  Acanthoaicyoa  naudiniamis 
is  threatened.  As  in  many  other  cucurbits  there 
is  considenible  variation  m  the  bitterness  of 
the  fruits.  This  will  allow  for  selection  and 
breeding  of  more  palatable  lines.  There  aie  4 
documented  accessions  held  in  the  United 
States  and  2  nt  the  Royal  Botanic  Gardens 
Kew  (Lhiited  ivuigdom). 

Prospects  In  view  of  increasing  demands  for 
edible  oil  and  protdn  in  arid  lands,  Acanthoai- 
cyoa nmidiniatiiis  is  a  candidate  for  develop- 
ment as  a  high-yielding,  dxy  country  crop.  It 
yields  a  crop  quiddy,  harvesting  the  firuits  is 
easy,  it  has  a  wide  ecological  adaptation,  it  is 
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easily  propagated  nnd  handled,  and  fruits  store 
well.  As  such,  it  compares  favourably  with 
AccHithoiicyos  horridus  as  a  candidate  for  do- 
mestic; it  \ni) 

Major  references  .Ajiiold,  T.ii.,  Wells,  M.J. 
&  Wehmeyer,  AS..  1985;  JeBrey,  C,  1978; 
Jeffrey  C,  1980;  Neuwinger,  H.D.,  1996; 
SEPASAL.  2003a. 

Other  references  Dudley,  J.P.,  2000;  Jef- 
fn>y    C,    1962;    Jeffrey,    C,    l!)?!):  Meeuse, 

A.  D.J. ,   1902;  Schrire.  B  D.    1987   van  Wyk 

B.  E.  &  Gencke,  N.,  2000;  Watt,  J.M.  &  Breyer- 
Brandwijk.  M.G.,  1962. 
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ACHELLA  OLERACEA  (L.)  RK.  Jansen 

Proiologue  Syst.  Hot.  Monugr.  8:  Gij  (lU8u). 
Family  Asteraceae  (Compositae) 

Ch  romosome  number  211' ~  60,  78 

Synonyms  Spilanthes  oleracea  L.  (1767), 
SpUanthes  acmeUa  auct.  non  (L.)  Murr. 

Vernacular  names  Toothache  plant,  para- 
cress  (En),  nred.'  niafane.  cresaon  de  Para  (Fr). 
AgriSo  di  Para,  jambii  (Pu). 

Orislii  and  geogirapliie  cUatribntion  Aemel- 

hi  oh'nici-a  is  not  known  from  the  wild,  Tt  is 
thought  to  have  been  derived  through  cultiva- 
tion from  AcmeUa  alba  (L'H^r.)  R.K.Jansen,  a 
species  native  to  Peru  and  Brazil.  It  must  ha\ c 
been  in  rultivation  for  a  considerable  time  and 
has  spread  throughout  the  tropics.  It  is  locally 
cuhivated  throughout  Afirica  and  escapes  from 
cultivation  have  been  reported.  In  East  Africa 
it  has  become  naturalized.  It  was  probably 
introduced  in  the  Indian  Ocean  Islands  by  the 
Portuguese  and  siibs(»quent ly  spread  in  East 
.MVit  ri  by  Indian  labour*  rs  who  came  to  work 
on  railroad  construction  around  1900. 

Uses  In  the  Indian  Ocean  islands  (Comoros, 
Mndnpnsrnr,  Reunion.  Mauritius)  and  Tndin 
the  main  use  of  the  leaves  of  Acmella  oleracea 
is  as  a  steamed  vegetable.  The  raw  leaves  are 
used  as  a  oiii'inig  for  sala<b,  soups  and 
moats  m  Hra/.i!  ;ind  India.  It  is  grown  widely 
as  an  ornamental  because  of  the  attractive 
colourful  heads. 

Thr^  most  mmmon  nnd  widespread  medieinnl 
use  is  to  treat  toothache  and  throat  and  gum 
infections.  Worldwide  the  flower  heads  are 
used  either  fresh  or  ilrit  il  and  powdered,  but 
the  use  of  roots  and  leaves  has  been  recom- 
mended as  well.  The  plant  is  further  recom- 
mended as  a  cure  for  dyasatexy  and  rheuma- 
tism, and  to  enhance  the  immune  system.  It  is 


used  against  blood  parasites,  especially  against 
malaria,  both  prophylactic  and  curative. 

Properties  Data  on  nutritional  composition 
are  not  available.  Haw  Acmella  leaves  and 
flower  heads  have  a  pungent  taste;  they  cause 
numbing  of  the  mouth  when  diewed  and  in- 
duce the  produetion  of  sidiva.  This  sensation 
may  be  attributed  to  the  alkylamide  fraction. 
The  (lower  heads  contain  up  to  1.26%  of  spi- 
lanthol  (N-isobulyl-4,()-decadienamide),  an 
antiseptic  alkaloid.  Spilnnlhol  is  effective  at 
very  low  concentrations  against  blood  para- 
sites. It  is  a  poison  for  most  invertebrates,  but 
is  said  1o  be  harmless  to  warm-l)lnoded  ani- 
mals. Different  sources  commentmg  on  the 
compoflition  of  the  essential  oil  distilled  from 
fresh  flowers  agree  on  a  high  content  of  P- 
earyophyllene  (21-;!0%).  Other  major  constitu- 
ents reported  are  limonene,  thymol,  y-cadinene 
and  gemacrene. 

Tn-vitro  studies  have  shown  stroni;  nntibarte- 
rial  activity  against  Escherichia,  Klebsiella, 
Proteus,  Pteudomonas,  SalmoiieUa  and  Sia- 
phylocot'cus.  Also  Candida  aibicofis  is  inhib- 
ited Use  as  an  insecticide  has  proved  effetive 
against  e.g.  Aedea,  Aiiophelea  and  Culex  mos- 
quitoes and  com  earworm  (HeUeoverpa  zea). 

Botany  .Annual  herb  with  erect  stems, 
snmriimes  decumbent,  leaves  opposite,  sim- 
I  1.  i)etiole  2-6.6  cm  long;  blade  broadly  ovate 
to  deltate,  5-11  cm  x  4-8  cm,  base  truncate  to 
shortly  attenuate  apex  acute  to  shortly  acumi- 
nate, margui  dentate.  Inflorescence  a  discoid 
head  up  to  2.5  cm  x  1.5  cm;  invohicral  bracts 
l.'")-18.  .1-sfn;)1(>  up  to  8  mm  x  1  mm  apex 
acute;  leceplai  uiar  liracts  straw -coloured,  often 
tinged  ]>urple-red  up  to  6  mm  x  1  mm.  Disk 
flowers  400-()2(),  corolla  5-merous.  yellow,  up 
to  .'-5.5  mm  lonp  Fruit  an  nchene  2—2.5  mm  X  1 
mm;  pappus  consistmg  of  2  bristles. 
Aemdla  is  a  pantropical  genus  of  about  30  spe- 
cies, with  2  of  these  native  to  tropical  Africa 
and  2  introduced.  Most  Acmella  species  were 
formerly  considered  to  belong  to  the  genus 
ktnlhes.  The  2  native  species.  Acindla 
eaitlirhi:a  Delile  (s\nr)nym:  Spituiitlu's  niaii- 
lilianua  auct.  non  (liuh.)  DC.)  and  Acinalla 
ttiiginosa  (Sw.)  Cass.,  have  similar  uses  as 
Arniella  oleracea  and  have  undoubtedly  been 
mixed  up  in  the  literature.  Acmella  caulirhiza 
can  be  distinguished  from  Acmella  oleracea  by 
the  presence  ctf  ray  flowers.  AcmeUa  uUginoaa 
has  a  4-morous  corolla. 

Ecology  As  an  escape  from  cultivation 
Acmella  oleracea  is  found  in  weedy  habitats. 
Naturalized  populations  are  usually  found  in 
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wet  locBlities  such  as  lakeside  marshes. 

Management  Acmella  oleracea  is  grown  ns 
a  vegetable  in  Madagascar  and  Comoro <  unl 
hIso  in  l\<'uniun  and  Mauritius  Inil  tli>t;nls 
have  not  been  reported.  It  is  sold  m  markets  m 
Madagascar  throughout  the  year  with  peak 
supplies  from  November-March.  Ab  an  orna- 
mental it  is  propagated  by  seed  or  by  cuttings 
taken  from  plants  in  the  vegetative  phase.  For 
germination  a  temperature  of  at  least  21"C  is 
needed.  It  needs  frequent  w  .itorinp 

Genetic  resources  and  breeding  As  Ac- 
mella  oleracea  is  widdy  grown,  and  is  natural- 
ized in  parts  of  East  AMca»  it  is  certainty  not 
threatened. 

Prospects  It  would  be  worthwhile  docu- 
menting the  cultivation  practices,  characteris- 
tics and  properties  of  Acinolla  olentveu  grown 
in  the  Indian  Ocean  islands.  Acmella  ulemcea 
and  its  wild  ancestor  Aem^la  alba  are  interest- 
ing for  further  research  on  medicinnl  potential, 
eq>ecially  concerning  activity  against  blood 
parasites  other  than  malaria.  The  research 
community  should  be  made  aware  of  the  up- 
da1<  d  Doini  nclature  in  the  genera  Acnwlla  and 
Spilantlies  to  avoid  replication  of  research  find- 
ings, doubtful  identifications  and  the  use  of 

inc! iri'i-i-l  n:imi's. 

Major  references  Hind,  N.  &  Biggs,  N., 
2003;  Janaen,  R.K.,  1985;  Ramsewak,  R.S., 
Enck.son  .\     &  Nnir,  M.C.  1  ;)!)<>. 

Other  references  ('ech,  K..\  ,  195K;;  Fabr\-, 
W.,  Okemo,  P.O.  &  Ansorg,  R.,  1998;  Gasquet. 
M.  et  al.,  1993;  Hind,  O.J.N.,  Jeffipey,  C.  & 
Scott  A  I  1993;  Jansen,  R.K.,  1981;  Roeman- 
tyo,  layab. 

Anthors  C.H.  Bosdi 


ADANSONIA  DIGITATA  L. 

Protologue  Sysl  nrit  rd  10,  2:  1144  (1759). 

Family  Bombacaceae  (AI'G:  Malvaceae) 

Chromosome  nunber  2n  =  160 

Vernacular  names  Baobab,  monkey-bread 
tree  dead-rat  tree,  cream-of-tartar  tree  (En) 
Baobab,  calebassier  du  S^^al,  arbre  de  mille 
ans  (Fr).  Baobab,  molambeira,  imbondeiro, 

mlnhnrrirn  cnhnrevrr  (Po).  Mbuyu,  mkuu  hap- 
ingwa,  mkuu  hafungwa,  muuyu  (Sw). 

Origin  and  geographic  distribution  Baobab 
occurs  naturally  in  most  of  mainland  tropical 
Mrica.  Originally  it  was  absent  from  many 
Central  Alrican  countries,  but  it  has  been  in- 
troduced in  most  of  them.  In  mainland  tropical 
Africa  it  is  still  absent  from  Rwanda,  Burundi, 


Adanaonia  digiiata  -  wild  and  planted 

Djibouti  and  Uganda.  It  has  been  introduced  in 

Mndngasrnr  and  m.-iny  other  Indian  nrrnn 
islands,  in  West  Africa  it  often  occurs  in  bao- 
bab ordiards  around  villages.  Outside  Africa  it 
has  been  widely  inunikK  ed  in  tropical  and 
subtropical  regions.  In  India  it  is  a  fauly  old 
introduction  most  likely  brought  by  Arab  trad- 
ers and  it  now  has  many  local  uses  similar  to 
thos{>  in  .\frifa.  Tn  Bnrhados  two  old  trees, 
grown  from  seed  imported  in  1738  from  West 
Africa,  are  considered  one  of  the  seven  wonders 
oftheisl-md 

Uses  'I'hc  leaves  of  bnobal>  are  used  either 
fresh  as  a  cooked  vegetable  or  dried  and  pow- 
dered as  an  ingredient  of  soups  and  sauces. 
The  slmnts  and  mnts  of  seedlings  are  eaten  as 
well.  The  routs  are  boiled  and  eaten  in  West 
Africa  in  times  of  famine.  The  flowers  are  eaten 

raw  . 

The  fruit  contains  soft,  white,  edible  and  nutri- 
tious flesh  (  monkey  bread ).  It  is  used  to  curdle 
milk,  it  is  eaten  as  a  sweet  and  is  used  in  mak- 
ing gi-uel  and  rcfn  shing  drinks  and  ire-cream. 
In  Sudan  it  is  made  mto  a  milk-like  drink 
called  'gubdi*.  The  powdered  fruit  flesh  is 
added  to  (did  li<iuid  thus  prcservnig  vitamins. 
An  emulsion  of  the  fruit  pulp  ma\  be  used  to 
adulterate  milk.  The  dried  pulp  is  used  as  a 
substitute  for  cream  of  tartar  in  baking. 

The  seeds  arc  eaten  raw  nr  ronsted  and  arc 
used  to  thicken  and  flavour  soup.  Fermentation 
of  the  seed  kernels  improves  the  nutritional 
value.  In  coastal  Kenya  and  Tanzania  the  pulp- 
coated  seeds  are  coloured  and  sugar-coated  and 
sold  as  sweets.  The  seeds  are  used  to  adulter- 
ate groundnuts  and  may  be  used  as  a  cofiiBe 
substitute.  An  oil  can  be  extracted  from  the 
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seed  komcls  by  boiling  and  distillation,  it  is 
semi-fluid,  golden  yellow,  gently  scented,  non- 
drying  and  has  a  long  shelf  life.  It  is  used  for 
cooking;  Jind  in  the  cosmiM ics  iinki^f  rv 
The  bark  fibre  is  stripped  from  the  lower  part 
of  the  trunk  and  is  used  to  make  rope,  string, 
cords  for  musical  instruments,  snan  s  fishinK- 
neta,  loin  cloths,  sacking,  baskets,  mats  and 
waterproof  hats.  The  root  bark  yields  a  fibre  as 
well.  When  the  wood  diaintegrales  fibres  re- 
m.iin  that  may  bo  used  ns  p.nrkinsi  mntrrinl. 
i\Jl  plant  parts  are  used  for  treating  fever.  The 
bark  gum  is  used  for  deaning  sores.  A  decoc- 
tion of  the  baric  is  used  in  Congo  to  bathf  rii  k- 
ety  children  and  in  Tanzania  to  treat  tooth- 
adie.  Stem  bark  and  fibres  lining  the  fruit 
husk  are  us<  >1  tn  treat  amenorrhoea.  The  bark, 
fruit  pul|i  :md  .--m  ds  are  used  as  an  antidoti'  for 
Strupliuiilhus  poisoning.  In  Maluwi  baobab 
juice  called  'dambedza'  is  served  as  a  cure  for 
hanpo\(M".-  and  against  ronstipadon.  In  Zambia 
a  root  infusion  is  used  to  bathe  babies  to  pro- 
mote a  smooth  skin.  A  root  decoction  is  ttdcen 
with  r<nM!  in  Sierra  Leone  for  strength.  Dried 
po\vdi  it"d  roots  are  included  in  the  treatment 
of  malaria.  Leaves  are  used  as  a  diaphoretic, 
expectorant,  astringmt  and  as  a  fever  prophy- 

lartic.  Ti(-a\i»s  are  foimd  in  a  lung  list  r)f  treat- 
ments for  ailments  includmg  asthma,  fatigue, 
kidney  and  bladder  diseases,  dianhoea  and 
inflammations.  Fruit  pulp  is  used  as  an  anti- 
dysenteric  and  in  the  treatment  ef  smallpox 
and  measles.  The  seed  oil  is  used  Ibr  mflumed 
gums  and  to  ease  toothadie. 
The  leavi's  and  fallen  flnwcrs  are  eaten  liy  live- 
stock, and  fruit  pulp  and  seeds  are  fed  durmg 
the  dry  season.  Residues  of  oil  extraction  are 
fed  to  livestock  as  well 

The  wood  is  used  locally  for  canoes,  wooden 
platters  and  floats  for  fishing  nets,  it  makes 
poor  firewood  and  charcoal.  Use  of  th«  wood 
and  bark  for  the  paper  industry  is  possible  but 
not  commercially  viable.  The  fruit  husks  are 
used  as  fuel  and  are  made  into  containers  and 
fishing  floats. 

Trees  with  hollow  trunks  ha\'e  been  used  for  a 
long  time  and  are  sliU  used  for  water  storage, 
having  capacities  of  up  to  7600  1.  Hollow  trees 

are  also  used  as  tombs,  meeting  places  pris- 
ons, stables,  bus  shelters,  storage  rooms, 
watchtowers,  bathrooms,  cool  rooms  and  dair- 
ies.  Pulp  is  used  for  smokini;  fish  anil  the 
smoke  is  helpful  in  repelling  insects  that  pester 
livestock.  The  pollen  mixed  with  water  gives  a 
glue  that  is  used  in  carpentry.  The  bark  is  used 
for  tanning  and  green  baric  yields  a  dye.  A  red 


dye  is  obtained  from  the  roots.  The  powdered 
peduncle  and  the  husk  of  the  fruit  are  used  as 
a  substitute  for  tobaooo.  Introductions  outside 
its  native  range  were  made  mainly  for  use  as 
an  ornamental  or  shade  tree.  The  extraordinar- 
ily ^aped  baobab  tree  is  siurounded  by  a 
wealth  of  legends,  supi-rst  i1  mns  folktales  and 
anecdotal  references  throughout  Africa. 

Production  and  international  trade  The 
bark  has  been  imported  in  the  past  into  Europe 
by  the  packing  an<l  yiaper  industry  and  for  me- 
dicinal use.  Under  the  name  cortex  cael  cedra' 
it  was  used  as  a  substitute  for  quinine  to  re- 
duce fevers  Recently  in  the  Western  world, 
commercial  interest  has  grown  for  applications 
in  the  health  food  and  cosmetics  industries.  In 
Zimbabwe  small-scale  industrial  iimduction  of 
fruit  pulp  and  oil  takes  place.  In  Malawi  fruit 
juice  of  baobab  is  produced  commercially. 
Seeds  are  exported  from  Bast  Africa  to  the 
.Arab  world  and  the  Middle  RasI  for  use  as 
snacks.  No  statistics  are  available  on  produc- 
tion or  trade. 

Properties  The  nutritional  composition  of 
fresh  baobab  leaves  per  100  g  edible  portion  is; 
water  77  g,  energy  289  kJ  (UiJ  kcal),  protein  3.8 
g,  fat  0.3  g,  carbohydrate  16.1  g,  fibre  2.8  g,  Ca 

402  mg,  P  mp  ascorbic  acid  r>i!  mg  (Leung, 
VV.-T.W.,  Busson,  F.  &  Jardin,  C,  1968). 
The  fruit  pulp  of  baobab  contains  per  100  g: 
water  H.7  g,  energy  1290  kJ  (80S  kcal),  protein 
2.7  g  fat  0,2  g,  carbohydrate  7.3.7  g,  fibre  8,0  g. 
Ca  335  mg,  Mg  167  mg,  P  76.2  mg,  Fe  2.7  mg, 
Tnl.O  mg,  thiamin  0.62  mg,  riboflavin  0.14  mg, 
niacin  2.7  mg.  ascorbic  acid  209  mg.  The  seed 
consists  of  about  55%  seed  coat  and  45%  ker- 
nel. The  seed  kernels  contain  per  100  g:  water 
8.1  g,  energj-  ISO.^i  kJ  (4:^1  kcal),  protein  33.7  g, 
fat  .'!0.(>  g,  carbohydrate  4,8  g.  fibre  10  0  g,  (\a 
273  mg,  Mg  640  mg,  P  5.1  mg,  Fe  6.6  mg,  Zn 
6.7  mg,  thiamin  0.25  mg,  riboflavin  0.14  mg, 
niacin  1.0  mg.  The  fatty  acid  composition  is 
linoieic  acid  34.9%,  oleic  acid  32.3%,  palmitic 
add  26.5%  and  stearic  acid  4.4%  (Arnold,  T.H., 
Wells,  M.J.  &  Wehmeijer.  A.S..  1985),  The  re- 
ported range  of  oil  content  of  seed  kernels  is 
wide:  30-68%. 

Nutritional  properties  reported  in  the  litera- 
ture van,'  considerably  but  a  relation  between 
morphology  or  origin  and  properties  is  not  evi- 
dent. In  Mali  die  ascorbic  add  content  of  leaves 
varied  3-fold  between  trees;  this  was  consistent 
over  years,  and  correlations  with  rainfall  or 
morphological  types  were  not  found.  However, 
small  leaves,  a  tree-spedfic  characteristic,  had 
an  approximately  20%  higher  vitamin  A  ctm- 
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tent,  whereas  the  age  of  the  tree  did  not  have 
an  efifect  on  the  vitamin  A  content  of  the 
leaves.  The  highest  value  for  vitamin  A  in  sun- 
dried  leaf  powder  was  27  2 
The  air-dry  wood  is  light  with  a  specific  gravity 
of  about  210  kg/afi.  The  fibres  from  the  inner 
bark  are  snft  durable,  moderately  strong  and 
90-120  cm  long. 

All  plant  parts  contain  mucilage,  rich  in  uronic 
acid.  The  bark  gum  is  odourless,  tasli  i<  ir- 
soluble  and  rontnins  betulinir  arid.  Th<'  bark 
has  been  shown  to  have  diaphoretic  and  anti- 
periodic  activities.  Adansonin,  isolated  from 
the  bark,  has  liocn  fnutid  to  have  fcluiiugal 
properties.  This  compound  is  alao  thought  to  be 
the  active  prmciple  that  neutralizes  stro- 
phantin.  but  uther  evidciic"  indicates  that  ad- 
ansonm  it  sell' causes  Slr<i/)liaiitliu.'<-\ikv  poison- 
ing. The  leaves  have  hyposensUive  and  antihis- 
tamine activities.  Root  bark  and  leaf  extracts 
have  nntivirnl  nnd  antibnrterial  net  ivil  ic-.«  The 
seed  kernel  contains  a  tripsin  inhibitor,  which 
can  be  reduced  by  85%  by  alkaU  treatment. 
The  tannin  content  of  the  leaves  (12%  of  dry 
matter)  has  n  marked  negative  effect  on  their 
digestibility  by  livestock. 

Deaeriptiotft  Massive  deciduous  tree,  up  to 
2n(-2a)  m  tail,  trunk  often  of  vast  girtb  b;uk 
smooth,  variable  in  colour;  branches  stout  near 
the  trunk,  young  brandies  often  tomentose; 
root  system  extending  up  to  2  m  deep  and  hori- 
zontally further  than  tbo  height  of  the  tree. 
Leaves  alternate,  simple  (m  young  trees  and 
first  leaves  of  the  season  in  old  trees)  or  digi- 
tately  compound  at  the  apex  of  liranches  stip- 
ules early  caducous;  petiole  up  to  IG  cm  long; 
compound  leaves  5-7(-8)-foliolate,  c.  20  cm  in 
diameter;  leaflets  sessile  or  shortly  stalked, 
elliptical.  5-lo  cm  ^  15-7  cm  base  cuncatc, 
apex  acuminate,  mucronute,  entire.  Flowers 
8c4itaxy  or  paired,  axillaiy,  pendulous,  bisex- 
ual; pedicel  up  to  90  rni  lonp,  tomentose;  brnn- 
teoles  2,  earl>'  caducous;  calyx  3-5-lobed,  5-9 
cm  X  3-7  cm,  shortly  tomentose  outside,  vel- 
vety pubescent  inside:  petals  5,  overlapping, 
very  broadly  obovute  to  oblate,  5-10  cm  x  4..5— 
12  cm,  base  shortly  clawed,  ape.v  rounded, 
white;  stamens  very  numerous,  united  at  base 
into  a  sl.-iminal  tube  l  .'i-)  5  rm  lonp  free  part 
equally  long,  reflexed;  ovary  superior,  5-10- 
oelled,  style  exserted  c.  1.5  cm  beyond  anthers, 
stigma  5-10-lobed.  Kruit  a  woody,  imlehiscent 
capsule,  globo.se  to  ovoid  or  oblong-cylmdrical, 
up  to  10(-55)  cm  long,  covered  by  velvety  to- 
mentum,  filled  with  dry,  mealy  pulp,  many- 
seeded.  Seeds  reniform.  c.  1.5  cm  x  l  cm. 


Aflau.fnnifj  d{f>ilatn     },  trrr  hnhU;2,  tip  of  leafy 

ahoot;  3,  flower;  4,  opened  fruit. 

Redrawn  and  adapted  by  Aehmad  Satin  Nur- 

haman 

smooth,  dark  brown  to  black,  with  thick  seed- 
coat.  Seedling  with  hypogeal  germination;  coty- 
ledons breaking  free  from  testa;  first  leaves 
simple,  narrowly  Imear;  taproot  swollen. 

Other  botanical  infonaatloti  Adatiaonia 
comprises  8  species,  one  of  which  is  of  African 
mnjnlanrl  origin,  one  endemic  to  Australia  and 
6  to  Madagascar. 

In  the  Sahel  4  types  of  baobab  are  distin- 

guisbrd:  black -bark",  red-bark',  'grey-bark'  and 
dark-leaf.  The  dark-leaf  tj'pe  is  preferred  for 
use  as  a  leaf  vegetable,  the  'grey-bark'  type  is 
used  for  fibre,  and  the  others  are  preferred  for 
the  fruits.  In  Sudan  si/e.  shape  antl  taste  of  the 
fruits  differ  between  areas.  In  Kenya  S  types 
are  distinguished,  based  on  sweetness  of  the 
fruit,  shape  of  the  tree  si/o  and  shape  of  tbe 
inxii,  and  season  of  flowering.  Dislinguishmg 
botanical  varieties  is  tempting,  but  as  variati<m 
is  poorly  understood  so  far,  such  a  formal  das- 
.sification  would  be  premature. 
Chromosome  numbers  reported  for  Adansonia 
digitata  are  96,  128,  144  and  160.  Inaccurate 
counts  are  common  in  the  Bombaeaeeae  he- 
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cause  the  chromosomes  arc  small  and  numer- 
ous. Baobab  is  now  considered  an  auto- 
tetraploid  that  has  undergone  aneuploid  reduc- 
tion tVoin  l.v  =  176  to  2/t  =  160.  The  other  Aif- 
ansoniu  species  all  have  2n  =  88. 

Growth  and  development  A  growth  model 
with  4  distinct  t;>ii\vth  phust  s  litis  been  devel- 
oped based  on  data  from  South  African  trees. 
The  first  'sapling  phase  lasts  10-16  yean  at 
the  end  of  which  the  diameter  at  breast  height 
is  7—25  cm  hri<Thl  m  nnd  crown  width  2—4 
m.  The  second  or  conical  phase  lasts  till  the 
tree  is  60-70  years  old.  In  this  phase  growth  is 
fastest  and  the  stem  attains  its  greatest  height. 
At  the  end  of  the  conical  phase  the  trunk  di- 
ameter  is  0.8-2.2  m,  height  is  6-16  m  and 
crown  width  8-20  m.  In  the  third  or  "bottle' 
phase  the  trunk  thickens  and  the  crown  widens 
with  lung  ascending  branches.  This  phase  ends 
when  the  tree  is  200-300  years  old  with  trunk 

diamcliM-  nf  L' 8-5  5  m,  hriffht  10-20  m  and 
crown  width  15-35  m.  in  the  last  or  old  age 
phase  the  trunk  further  expands,  hea\'y 
branches  droop  and  lower  branches  may  break 
eff  from  time  to  time.  The  crown  becomes  wide 
and  llattens,  the  trunk  becomes  hollow  and  the 
tree  ultimately  dies  at  an  age  of  600-800 (— 

1000)  years.  In  exci'i)t  ional  growing  conditions 
and  through  secondary  growth  some  trees  may 
become  considerably  older.  In  warmer  areas 
the  phases  tend  to  be  shorter.  Seed-propagated 
trees  in  West  .Afrirn  have  reached  a  height  of 
up  to  2  m  m  2  years  and  12  m  in  15  years. 
Leaves  appear  ehortly  after  the  fi^rst  rains, 
with  early  leaves  often  simple  aii'l  soon  falling. 
Flowering  takes  place  at  any  time  of  the  year 
except  during  the  height  of  the  dry  season;  it 
often  pteeedes  the  appearance  of  the  leaves. 
Flowers  open  late  in  the  afternoon  and  remain 
open  throughout  the  night  with  1-50  flowers 
per  tree.  Flowering  of  a  tree  may  last  6  weeks. 
First  flowering  has  been  nhsen'ed  on  an  8-yenr- 
old  tree.  Grafted  trees  start  flowering  after 
only  3  years  and  do  not  become  as  tall  as  sown 
trees.  Pollination  is  mainly  by  fruit  bats,  and  to 
a  lesser  extent  by  bushhabies  (lemurs)  and 
possibly  by  wind,  flies  and  moths.  Pollinators 
are  attracted  by  the  strong  carrion  smell  of  the 

flowers  Animals,  notably  baboons  and  ele- 
phants, play  a  role  in  the  dispersal  of  seed  and 
in  breaking  its  dormancy.  Baobab  regenerates 
new  bark  after  the  bark  has  been  strapped.  The 
exposed  trunk  of  felled  trees  can  be  covered  by 
bark  and  produce  a  new  shoot  from  the  centre 
of  the  stump  as  well  as  peripheral  shoots. 
Ecology  Baobab  prefers  sandy  topsoil  over- 


lying a  loamy  sub-soil;  it  tolerates  poorly 
drained  soils  with  hea\'y  texture,  but  is  absent 
on  deep  sand.  It  is  at  its  best  at  altitudes  of 
450-500  m  with  an  annual  rainfall  of  .■100-^)00 
mm;  it  is  common  m  areas  with  an  annual 
rainfinll  of  200-800  mm,  and  extremes  in  an- 
nual rainfall  of  90  mm  and  1500  mm  have  been 
recorded.  It  is  found  from  sea-level  to  1000(— 
1600)  m  altitude.  Severe  frost  will  kill  even 
mature  trees  and  in  the  southem  part  of  its 
area  of  distribution  it  is  found  mostly  on  north 
facing  slopes,  sheltered  ii-om  cold  southem 
winds.  Seedlings  and  small  trees  are  vulner- 
alile  to  fire,  but  matun'  trei's  arc  fire  resistant 

Propagation  and  planting  Natural  regen- 
eration of  baobab  is  poor,  mainly  because  of 
browsing  animals  and  uncontrolled  bush  fires. 
Unaided  germination  of  baobab  sivds  is  gener- 
ally poor.  Seeds  that  lloal  in  water  should  be 
discarded.  Pre-treatment  of  seeds  can  be  done 
by  cracking,  immersing  in  boiling  water  for  5—7 
minutes  or  in  sulphuric  acid  for  6-12  hours, 
and  should  lead  to  a  germination  rate  of  80- 
96%.  Sowing  in  bags  is  done  4-6  months  before 
the  expected  start  of  the  rainy  season  Farmers 
sometimes  care  for  baobab  seedlings  in  their 
courtyard  until  they  are  2-3  m  tall,  when  they 

ar(>  transfilanfril  .ilnnc  the  borders  of  th(Mr 
fields.  Vegetative  propagation  has  the  advan- 
tage that  desirable  <^aracteristics  like  large 
leaves  and  good  quality  can  be  assured.  Stem 
cuttings  can  bo  easily  rooted  in  nurseries.  For 
grafting  3-month-old  seedUngs  can  be  used 
with  feeah  scions. 

Plants  are  transplanted  at  the  start  of  the 
rainy  season.  After  transplantmg  m  the  field, 
protection  against  game,  livestodc  and  fire  are 
essential  until  the  trees  are  well  established. 
Planting  is  done  at  a  spacing  of  about  10  m  x 
10  m. 

Mamigem«Bt  Pollarding  encourages  leaf 

l)riHliirtion  and  it  helps  to  jtn  vcnt  lojijiling  of 
hollow  trees,  but  fruit  production  will  be  se- 
verely reduced  for  several  years. 

Diseases  and  pests  The  insect  life  associ- 
ated with  baobab  lias  Isi  -  ii  well  in\i'stigate<i  as 
baobab  is  a  potential  allernulive  host  lor  cotton 
and  cocoa  pests  and  diseases.  A  wide  range  of 
cotton  bolhvorms  cotton  stainer  bugs,  flea  bee- 
tles and  meal}'  bugs  have  been  recorded.  Eradi- 
cating baobab  as  a  crop  protection  measure  has 
foiled,  as  nuim  lous  other  alternative  hosts 
exist.  (  Jinliing  of  stems  of  young  trees  by  bee- 
tles can  kill  them.  A  condition  called  sooty 
mould*  discolours  the  bark  especially  in  dry 
periods;  it  is  a  aecondaxy  fungal  infection  re- 
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suiting  from  stress.  In  southern  jVfriea  the  mo- 
pane  worm  (Gonimbrasia  belina),  considered  a 
delicacy,  feeds  on  the  leavsB.  Baxk-eatin|^'  ele- 
phants are  the  most  important  threat  to  older 
baobab  trees. 

Harvesting  Harvesting  leaves  and  fruits  is 
done  by  climbing  the  tree  Fruits  may  also  be 
shaken  off  from  the  branches.  The  bark  is  re- 
moved by  strippmg  after  horizontal  and  verti- 
cal cuts  have  been  made.  Bark  re  grow  8  and  can 
be  hnrve.stod  again  after  severni  years. 

Yield  No  data  are  available  on  leaf  or  fibre 
yields.  An  average  mature  tree  produces  about 
200  kt;  <if  fi  uit  jier  yeiir 

Handling  after  harvest  Drying  of  baobab 
leaves  in  the  shade  results  in  smaller  losses  of 
vitamin  A  than  dr>'ing  in  the  sun.  Fruit  pulp  is 
sun  dried  or  fi  rini'iited.  A  machine  has  been 
developed  for  the  medianical  separation  of  the 
fruit  pulp  from  the  rest  of  the  fruit.  Tradition- 

nlly  seeds  and  piilj)  are  sun  dried,  masted  or 
fermented.  Pulp  can  be  stored  for  long  periods 
in  airtight  containers.  The  seed-ooats  and  ker- 
nels can  be  separated  by  hand  after  boiling  (1 
hour)  and  soaking  (12  hours). 

Genetic  resources  The  variation  in  size 
between  trees  of  identical  age  is  usually  attrib- 
uted to  site  diffiTcnces.  Tlowevcr  the  consider- 
able size  diffei'ences  between  baobab  trees  of 
identical  age  and  at  the  same  location  suggest 
that  the  variation  is  mainly  of  genetic  origin. 
In  view  of  the  variation  in  the  speries  sam- 
pling throughout  its  range  of  distribution  is 
required  to  estabUsh  a  representative  germ- 
plasm  collection  For  the  species  as  a  whole 
there  seem  to  be  no  threats  of  extinction  or 
genetic  erosion  although  locally  (e.g.  in  eastern 
Zimbabwe)  populations  are  under  threat  due  to 
chanpes  in  tho  hydrology  or  to  overexploitation. 

Breeding  In  view  of  the  large  variation  in 
baobab,  breeding  and  selection  offer  great  op- 

po!-tiinities. 

Prospects  As  a  local  source  of  leafy  vegeta- 
ble, fixiit.  fibre  and  other  products  baobab  will 
continue  to  play  an  important  role.  Ext^asion, 
notaltly  on  processing,  oould  promote  more 
intensive  production  and  USe.  Local  and  inter- 
national markets  are  likely  to  be  able  to  absorb 
considernhle  quantities  nf  produce  Tn  view  of 
the  long  productive  life  of  baobab  it  is  worth- 
while planting  only  the  best  seedlings.  Screen- 
ing of  seedlings  for  fast  growth  may  be  a  tool  to 
increase  production.  Research  to  understand  the 
large  variation  m  baobab  should  lay  the  founda- 
tion for  future  breeding  programmes.  Extensive 
provenance  testing  is  required.  As  in  other  tree 


crops,  breeding  will  be  a  long-term  undertaking. 
In  the  short,  term  the  best  strategy  will  be  vege- 
t  at  ive  multiphcation  of  superior  trees. 
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Alepidea  peduncularis  St«ud.  ex  A.Rich. 

Protologue  Tent  fl  abyss  1:  : 120  (1848). 
Family  Apiaceae  (Umbelliferae) 
Synonjnns  Alepidea   longifolia  Dummer 

(19i:'.) 

Origin  and  geographic  distributiou  AUpi- 
dea  peduncularis  occurs  from  DR  Congo,  Su- 
dan and  Ethiopia  south  to  South  .Africa. 

Uses  Young  leaves  of  Mrpirlrn  prriiiiiciilnris 
are  collected  from  the  wild  and  used  as  a 
cooked  vegetable,  particularly  in  southern  Af- 
rica, where  it  is  known  as  ikhokwann  by  thf 
Zulu  people.  In  southern  Africa  a  decoction  of 
the  roots  ia  taken  to  treat  cough  and  in  eastern 
Africa  as  a  cure  for  fever. 

Botany  Perennial  herb  up  to  120(-17.t)  rm 
tall,  glabrous,  with  clustered,  thick,  fleshy, 
fibrous  roots;  stem  sloider  to  rather  stout, 
striate  strongly  branched.  Leaves  ,ilt<  rn;ttc 
simple,  basal  leaves  in  a  rosette,  petiole  and 
indistinctly  demarcated  sheath  1—10  cm  long, 
blade  oblong  to  obovate,  up  to  25  cm  x  6  cm, 
base  attenuate,  truncate  or  cordate,  apex  ob- 
tuse, margins  with  broad,  acuminate,  ciliate 
teeth;  stem  leaves  sessile  and  clasping  the 

stem,  much  smaller  than  the  fosctti^  leaves, 
with  longer  and  darker  cilia  on  the  teeth, 
gradually  decreasing  in  size  with  height  of  the 
stem,  upper  ones  bract -lik<>.  Inflorescence  a 
head-like  umbel,  relatively  few  together  with 
8-11  bracts,  alternately  larger  and  smaller, 
forming  a  connate  spreading  involucre  up  to 
1.6  cm  kmg.  Flow^n  bisexual,  sessile,  6- 
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merous;  sepals  dcltoid-ovatc,  Irss  than  1  mm 
long;  petals  obovatp  c.  1.5  mm  long,  white  to 
slightly  pink  or  grt^enish;  stamena  fipee;  ovaiy 
inferior.  2-f<'llt'(l.  stvlcs  2  (liv<r-rf»ent,  strnight. 
Fruit  a  schizocarp,  c.  2  mm  long,  white-ver- 
ruculose  with  rather  sharp  angles. 
Alepidi'a  is  a  complex  genus  of  .iliout  20  poorly 
defined  species,  distributed  from  Ethiopia  to 
South  Africa,  with  the  majority  In  southern 
Afirica.  AU'pidea  pediincularia  is  part  of  a  vari- 
nblo  complox,  in  which  dcIimitntio7Ts  botwnon 
species  are  not  sharp.  In  South  Africa  the 
leaves  of  Alepidea  nataienaia  Wood  &  Evans 
arc  similiirly  used  as  a  vegetable. 

Ecology  Al^idea  pedunculans  is  predomi- 
nantly a  species  of  montane,  often-burnt  grass- 
land. It  also  occurs  in  open  localit  ;.  -  m  mon- 
tane forest  and  Bravli  wttt-isin  unuflhind  and  on 
rocky  hillaidea,  at  10UU-38UU  m  altitude, 

Qenetio  resources  and  breeding  Alepidea 
pedunrn fan's  is  widespread  and  dors  not  srrm 
to  be  in  danger  of  genetic  erosion.  However,  the 
demand  for  Alepidea  roots  for  medicinal  pur- 
poses may  locally  also  threaten  populations  of 
Alepidea  pedtiiu  ularis. 

Prospects  Alepidea  peduncularis  most  prob- 
ably will  remain  a  vegetable  of  only  local  im- 
port .-mcc  Its  mitritionnl  nnd  medicinal  proper- 
ties need  further  investigation. 
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Allium  ampeloprasu.m  L. 

Protologue  Sp  pi.  1:  294  (1753). 
Family  Alliaceae 

Cliromoaome  number  2n  =  32,  48 

Synonyms  AlUumponv III  L.  (175.3). 

Vernacular  names  Alliiiiii  aiiipeloprcuMin 
comprises  several  vegetables  of  which  the  most 
important  ones  are: 

-  Icok  (Kn).  pnircnu  (Fr).  alho  porro  (Po): 

-  great-headed  garlic,  elephant  garUc  (£n),  ail 
a  groase  tete  (Fr); 

-  peari  onion  (En),  poireau  periK'ui*  ]    [ii  tit 
poireau  antillais  (Fr),  alho  bravo,  alho  ingles 

(Po): 

-  kurrat  (En,  Fr). 

Origin  and  geogrnpliie  distriiratiou  AlUum 


Allium  ampelopraxtm  -  planted 
ampetopraaum  sensu  laio  is  a  wide  complex  of 

wild  rrntypcs  and culti\'nt('d  [ilnnts,  oripinntinp 
from  an  area  running  from  Iran  to  Portugal 
and  northern  Africa.  Amongst  cultivated 
plants,  great-headed  garlic  8eems  to  be  closest 
to  the  wild  ocotypes:  leek  has  been  more  modi- 
fied by  domestication. 

More  or  less  bulbous  leek  was  well  known  and 

ciiltivntcd  by  ;inii(>nl  E<:\-ptians.  (Iroeks  nnd 
Romans.  Modern  non-bulbous  leek  is  grown 
nowadays  on  all  continents,  except  in  areas 
where  high  temperatures  or  heavy  rains  i-ule 
out  its  cidtivation.  In  AlVic;]  leek  is  produced  on 
a  small  scale  m  the  Sahel  countries  durmg  the 
cool  season,  and  in  the  Bast  African  highlands, 
mostly  around  the  big  cities  for  Western  con- 
sumers. Local  cultivars  of  vegetatively  propa- 
gated leek  can  be  found  in  the  tropics,  e.g.  in 
East  .Africa  (Ki  ny:n  Inildivsia  and  the  West 
Indies.  (Iront-hcmli  d  i,r.irli<-  is  prown  in  the 
highlands  in  some  countries  close  to  the  trop- 
ics, e.g.  Reunion,  Saudi  Arabia  and  nordiem 
Indin.  Kurrnt  is  grown  in  the  Middle  East, 
pearl  onions  on  a  small  scale  in  Europe. 

Uses  AlUum  ampeloprasttm  comprises  sev- 
eral vegetables  of  which  leek  is  the  most  im- 
portant one  worldwide.  Leek  is  used  as  a 
cooked  vegetable.  The  leek  is  the  cylindrical 
pseudostem,  developed  by  deep  planting  and 

enrthinp-up.  The  preen  lenvos  cnn  bo  used  for 
soups.  Shced  leek  is  often  dehydrated  for  use  in 
soups.  Sessile  doves  of  great-headed  garlic  can 
be  used  in  place  of  garlic,  but  their  taste  is  less 
satisfying  when  raw.  This  inconvpnienre  dis- 
appears with  cookmg.  The  leaves  of  kurrat  are 
used  in  salads  or  as  a  cooked  vegetable  to  add 
flavour  to  dishes.  Pearl  onions  are  used  for 
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pickling. 

Production  and  international  trade  Europe 
is  the  most  important  leek-producing  conti- 
nent, with  over  500.000  t  annuall>  Fraiue  is 
the  largest  producer.  Most  international  trade 
is  within  the  European  Union.  In  tropical  Af- 
rica leek  produetidn  in  minor  and  no  statistics 
are  available.  During  winters  with  severe  frost 
in  Europe,  some  of  the  leek  grown  in  Kenya 
has  been  exporied  to  E^irope. 

Properties  Ijcck  (trimmod  .md  (jutcr  Icnvos 
removed,  remammg  edible  portion  57%)  con- 
tains per  100  g  edible  portion:  water  90.8  g, 

cnci-oy  !»T  k.I  (22  kr;d)  pi-.tein  1.6  g  fat  0,5  g. 
carbohydrate  2.9  g,  fibre  2.8  g,  Ca  24  mg,  P  44 
mg,  Fe  1.1  mg,  carotene  736  )ig,  thiamin  0.29 
mg,  riboflavin  0.0.5  nig,  niacin  0.4  mg,  folate  56 
Hg.  ascorbic  acid  17  mg  (Holhuul.  B..  l^nwin, 
I.D.  &  Buss,  D.II.,  1991).  The  major  part  of  the 
caibohydrates  consists  of  fructans. 
The  flavour  of  look  is  linked  with  tho  pro.^onc^ 
of  S-alkj'l-cysteine  sulphoxides,  propyl-  and 
metiiyl-cysteine  sulphoxides  being  predomi- 
nant in  modern  leeks.  This  precursor  is  trans- 
formed into  a  number  of  S-containing  volatiles 
(e.g.  thiosulphinates)  when  raw  leek  is  cut.  The 
taste  of  cooked  leek,  more  appreciated  by  oon- 

sumors,  is  .also  linkcMl  with  S-ront aininp  vol,)- 
tiles,  to  which  a  small  amount  of  saponins  may 
add  a  little  bitterness.  In  grc  at-headed  garlic 
allyl-  and  propyl-cysteine  nulphoxides  are  pre- 
sent in  leaves  and  cloves,  resulting  in  a  taste 
intermediate  between  leek  and  garlic.  Some  of 
the  saponins  finmd  in  leek  have  in-vitro  anti- 
tumour  act  ivity 

Adulterations  and  substitutes  Leek  can 
be  replaced  by  bunching  onions  with  a  long 
thick  [iseudostem,  such  is  some  cultivars  of 
Allium  fisliihsinii  L.  or  Bell.sville  Bunching 
Onion',  a  tetraploid  seed-propagated  cross  be- 
twem  MUum  c^m  L.  and  Allium  fiHulotum,  la 
South  .\fricn  Alfi'iiin  ffn-nrainiiii  Kunth  i.*;  col- 
lected in  the  wild  by  Hottentot  people;  it  is 
called  wild  leek,  similarly  to  the  wild  ecotypes 
of  All  ill  m  ampeloprasum  <m  both  sides  of  the 
M*'dil  iTi-jmean. 

Description  Robust  erect  herb  up  to  150  cm 
tall;  true  stem  consisting  only  of  a  basal  plate 
or  disk,  with  little  orno  bulb  formation  or  with 
bulbs  producing  two  kinds  of  cloves,  small  sti- 
ped  ones  and  larger  sessile  ones;  roots  adventi- 
tious. Leaves  diatichously  alternate:  sheath 
tubular,  forming  n  pseudostem  up  to  50  cm 
long;  blade  linear,  up  to  50  cm  x  7  cm,  V- 
shaped  in  cro8s-secti<m.  Inflorescence  a  spheri- 
cal umbel  4-12  cm  in  diameter,  bearing  several 


AlUum  ampelopramm  -  I,  habit  leek  plant;  2, 

hnhil  of  Poii  i'iitig  hiilbnti.i  plant. 
Redrawn  and  adapted  by  Jskak  Syamaudin 

hundreds  of  flowers,  on  a  solid,  t  erete  .scape  up 
to  1 .')()  cm  long'  umbel  subtended  by  a  single, 
long-pointed  spathe  shed  at  flowering.  Flowers 
bisexual,  campanulate;  pedicel  1-5  cm  long; 
tepals  6,  in  2  whorls,  free  ovate-oblong.  4-6 
mm  long,  purple  or  white;  stamens  6,  the  inner 
ones  tricuspid;  ovar>'  superior,  3-celled.  Fruit  a 
depressed  globose  to  ovoid  capsule  2—4  mm  in 
di.'imiMer,  up  to  G-seeded  Seed  2— mm  x  2 
mm,  black.  Seedlmg  with  epigeal  germination. 

Other  botanical  infbrmatioB  The  AUkiin 
aiiiprlnpra.'itiin  complex  comprises  wild  as  well 
as  cultivated  elements,  and  the  taxonomy  is 
rather  confused.  In  ih.e  literature,  cultivated 
leek  is  often  named  AlUuiit  porruin.  Great- 
headed  garlic  produces  in  its  bulbs  3-^3  very 
large  cloves  (up  to  GO  g).  Its  stiped  cloves,  8—10 
mm  in  diameter,  are  protected  by  a  hard  'diell' 
and  can  remain  in  the  soil  for  more  than  1  year 
before  sprouting.  Its  veiy  large  leek-like  um- 
bels do  not  produce  seeds.  European  bulbous 
leek  has  sessile  cloves  covered  by  a  thin  sil- 
verj'-white  skin  and  sometimes  a  few  shortly 
stiped  cloves  without  shell.  It  is  found  only  in 
old  home  gardens^  e.g.  the  'pearl  onion'  grown 
in  Germany  and  the  Netherlands.  When  trapi- 
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cal  vcgetativrly  propoRnted  forms  of  leek  are 
experimentally  grown  in  temperate  countries, 
they  appear  to  belong  to  this  category,  since 
they  produce  bulbs,  usually  with  a  central 
spherical  clove  surrounded  by  small  ones. 
Some  of  them  never  flower  under  longnlay  con- 
ditions.  ct,'  the  West  Indian  leek  neviT 
reached  the  flowermg  stage  when  grown  in 
southern  France  for  20  years.  On  the  other 
hand,  the  Indonesian  Anak  (irei  (lowers  in  the 

Neth(>rlimds  its  seeiis  giving  a  hot ei'npon eons 
progeny.  The  behaviour  of  African  vegetalively 
propagated  leek  under  long-day  conditions  is 

unknown. 

Modem  leek  has  been  bred  during  more  than 
two  centuries  for  elimination  of  doves,  leading 
to  strictly  seed-propagated  plants  with  per- 
fectly cylindrRal  pseudostems.  However,  two 
vestigial  cloves  may  appear  at  the  base  of  the 
scape  of  seed-producing  plants.  Kurrat  (sfsmo- 
nym  Alliiun  hiirrnt  Schweinf.  ex  K.Krausr) 
cultivated  in  the  Middle  East,  is  a  seed- 
propagated  plant  looking  like  a  small  leek,  but 
grown  for  successive  harvests  of  green  leaves. 
'Taree  Irani',  grown  in  Iran,  is  a  kurrat-like 
plant  producing  in  its  umbels  a  mixture  of 
flowers  and  bulbils. 

Seed  available  in  .Africa  is  imported  from 
Western  countries,  mainly  from  summer  types 
with  paU'  gieen  leaves  and  a  long  soft  pseu- 
dostem,  e.g.  'Gros  Long  d'Ete',  'Bulgarian', 
American  Flag  ,  Carontan'  and 'Giant  Italian'. 
The  winter  types  with  dark  green  leaves  and  a 
short  thidc  hard  paeudostem  are  less  often 
grown  and  are  only  suitable  for  the  cool  high- 
lands. 

Growth   and   development  Vegetative 

growth  in  leek  occurs  at  temperatures  of  4- 
25''<"  with  an  optimum  at  Hl-liCI^C  Even  at 
optimal  temperatures  germmutiun  is  slow  (10- 
12  days)  compared  with  other  vegetables.  A 

leafy  cotyledon  appears  first,  hearing  the  sn-d 
testa  at  its  apex.  At  optimal  temperatures  new- 
leaves  are  formed  ever>-  6  days.  Plants  readi 
the  harvest  stage  when  16  leaves  have  ap- 
peared l)ut  cf>ntinue  to  grow  in  thickness. 
Floral  inilialion  occurs  about  180  days  alter 
sowing  in  temperate  conditions,  plants  expoeed 
to   low    temperatures  lifillin*:  e.-irlier. 

Growth  of  the  floral  stem  is  enhanced  by  long 
days;  consequent  ly  bolting  and  flowering  rarely 
occur  under  tropical  conditions.  Leek  flowers 
are  pollinated  by  insects.  Both  self-  and  cross- 
pollination  occui-s.  Besides  seed,  bulbils  (top- 
sets)  may  be  formed  in  the  umbel  of  some  cul- 
tivara. 


Ecology  A  rnol  .season  of  at  lea.st  1  months  is 
needed  for  good  growth  of  leek.  Leek  cultiva- 
tion in  hot  humid  lowlands  Ix  low  :m\  m  is 
rarely  successful  At  hi«h''r  lulitudes  during 
the  cool  season  and  at  elevations  above  1000  m 
leek  is  easier  to  grow.  In  the  lowlands,  130 
d;iys  are  needed  ('lO  days  in  the  seedbed.  70 
days  m  the  lield)  for  harvesting  leek  more  than 
1  cm  in  diameter.  When  temperatures  are 
above  th<>  optimum  (e.g.  22*C  at  uig^t,  30*C 
during  the  day)  leaf  senescence  can  be  as  rapid 
as  the  production  of  new-  leaves,  resulting  in  no 
diameter  growth  at  all.  Plants  may  be  har- 
vested from  100—120  days  after  transplanta- 
tion, but  may  be  kept  in  the  field  longer  as  they 
continue  to  grow  thicker  (20-25  mm).  For  leek 
cultivation,  soils  must  be  deep,  loose,  their  pH 
higher  than  5.6,  with  a  good  amount  of  oi^anic 
matter. 

Propagation  and  planting  In  the  tropics 

leek  is  propagated  either  by  seed  or  by  tillers. 
One  g  contains  300-400  seeds.  Leek  seed  is 
normally  imported.  It  does  not  show  dormancy. 
For  modem  cultivars,  about  1000  seeds  are 
sown  per  m^  in  a  nursery  roofed  w  ith  plastic  or 
with  palm  leaves,  the  rooting  being  removed 
after  emergence  of  seedlings.  Seedlings  16-20 
cm  tall  and  p(>nril-thick  are  transplanted  verti- 
cally into  holes  lU— 12  cm  deep,  at  a  rate  of 
200,000/ha,  e.g.  at  a  distance  of  10-16  cm  in 
the  row  and  30—46  cm  between  rows.  To  obtain 
long  pseudostems  planting  is  done  at  the  bot- 
tom of  furrows  to  facilitate  earthmg-up.  For 
vegetatively  propagated  leek,  lateral  shoots 
(tillers)  are  planted  in  the  same  way  as  seed- 
lings. 

Management  A  harvest  of  20  t/ha  removes 

about  Of)  kg  N,  10  kg  P  Tf)  kg  K.  ;^.^)  kg  Ca,  3  kg 
Mg  and  l.T  kg  S  from  the  soil  Fertilization 
with  5-20  t/ha  of  organic  manure  and  an  ade- 
quate quantity  NPK  including  sulphates  is 
recommended  .-is  \M  n  .is  liming  if  necessary- 
Diseases  and  ))ests  The  most  important 
leaf  disease  is  inu  ple  blotch  {Altenmria  porri), 
to  which  plants  are  more  sustvptible  on  cal- 
cium-deficient acid  soils.  It  can  lie  controlled 
With  dithiocarbamate  fungicides  or  iprodione. 
In  the  lowlands,  roots  are  invaded  by  Pyreito- 
chaetn  lerrcKtrif!  in  the  same  way  as  for  garlic 
or  onion.  The  roots  and  basal  plate  can  be  de- 
stroyed by  the  fungus  Seleroiium  cepivonim  or 
the  nematode  Dilylenchus  dipsaci.  potent  iall\ 
noxious  in  the  tropics  if  intriKimi  d  in  high- 
lands (e.g.  by  cultivation  of  contaminated  garlic 
cloves).  Rust  {Puccinia  spp.)  and  white  tip 
{Phytopl^hora  porri^,  which  are  major  diseases 
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in  temperate  areas,  have  not  been  recorded  in 

Afirica. 

Tluips  labaci  can  cause  serious  losses  in  yield 
and  quidily,  It  ran  be  cont rolled  liy  insect i<-i<li's 
but  also  overhead  irrigation  can  decrease 
thrips  infection.  This  method  of  irrigation  is 
also  benel'icial  against  purple  blotch  if  applied 
between  1 1  a.m.  and  3  p.m. 

Harvesting  Leek  is  harvested  70-120  days 
after  planiinu  but  may  be  kept  in  the  field 
lonpcr.  The  plants  are  Hup  up  with  a  <[iadc 
washed,  the  di'ied  or  yellowmg  leaves  elimi- 
nated with  their  sheaths,  the  remaining  leaves 
trimnieii.  and  roots  cut  at  1-2  cm  Following 
consumers'  preference,  the  green  foliage  is  cut 
shorter  or  longer.  For  vegetatively  propagated 
leek  the  thicker  pseudostems  are  sold,  the 
thinner  lateral  shoots  kept  for  own  use  or  for  a 
new  planting. 

Yield  Under  tropical  conditions,  16-20  t 

ohtriim  il  70  days  after  filantinp  in  the  lowlands 
during  the  cool  season  can  be  considered  a  good 
yield;  40  t/ha  might  be  obtained  at  elevationB  of 
1500-2000  m  if  purple  blotdi  is  perfectly  con- 

trnll.'d. 

Handling  after  harvest  Freshly  harvested 
and  carefully  cleaned  leek  can  be  kept  2—3 

days,  verlicrdly  packaged  topcthor  in  baskets 
or  perforated  plastic  bags.  Storage  at  0°C  is 
possible  for  up  to  60  days. 

Genetic  resources  Apart  from  the  vi  ^eta- 
lively  propnpatod  tropical  iypes  (Kenya,  Indo- 
nesia, West  Indies,  Haiti),  apparently  old  in- 
troductions from  temperate  coimtries,  there 
are  no  tropical  leek  cultivars,  Germplasni  col- 
lections of  European  and  oriental  leek  cultivars 
are  preserved  as  seeds  in  institutes  in  Welles- 
bourne  (United  Kingdom),  Wageningon  (Neth- 
erlands) and  Washington  (United  States).  A 
number  of  wild  Aliiuni  species,  more  or  less 
closely  related  to  Alliutn  ampelopramm,  are 
presen  ed  at  the  Royal  Botanic  Gardens  Kew, 
United  Ivingdom. 

Breeding  Major  breeding  objectives  in  tem- 
perate countries  are  yield,  uniformity  and  dis- 
ease resistance.  Leek  can  lie  considered  an 
allogamous  aulotelraploid  with  20— 3U%  self- 
poUination  in  seed-production  fields.  Nowadays 
seed  companies  either  po  on  maintaining  tradi- 
tional open-pollinated  cultivars  under  perma- 
nent mass  sdection  pressure,  or  ofhr  Fi  hy- 
brids. Plant  v^pnir  loss  by  selfing  is  about  30% 
for  the  first  generntion  nnd  10%  betweeti  Si 
and  Sa.  Fi  hybrids  are  based  on  male  sterility. 
Fi  hybrid  leek  has  20%  higher  yields  and  is 
more  uniform.  The  rationale  behind  this  is  the 


exclusion  of  progeny  re-sulting  from  self- 
pollination.  Fi  cultivars  can  have  a  different 
genetic  background  but  th^  always  have  the 
male  sterile  parent  in  common,  This  line  is 
vegetativeli"  propagated  via  in-vitro  multiplica- 
tion and/or  formation  of  bulbils,  obtained  in  the 
umbels  bj'  earlj'  flower  ablation  and  e.\|io8ition 
to  photoperiods  of  20  hours.  Cytoplasmic  male 
sterility  has  recently  been  transferred  from 
Allium  cepa.  No  special  breeding  work  for  or  in 

tropical  countries  has  been  reported. 

Prospects  Leek  is  a  productive  and  highly 
nutritious  vegetable.  The  need  for  an  AUium 

used  as  a  cooki'd  \'egetable  r  an  be  satisfied  by 
AUiuin  ampeloprasuin  or  Allunii  fistulomin.  If 
leek  is  preferred,  breeding  for  tropical  condi- 
tions could  be  an  interesting  objective.  Since 
there  seems  to  be  a  general  cross  fertility  be- 
tween all  telraploid  Allium  ainpelopmsuin 
types,  a  wide  array  of  subtropical  parents 

would  be  available.  ,\n  example  of  such  re- 
search is  a  cross  between  leek  and  kurrat  real- 
ized in  the  Netherlands  to  introduce  virus  re- 
sistance. The  advantages  and  disadvantages  of 
vegetatively  and  seed-propagated  leek  in  tropi- 
cal conditions  should  be  studied.  Breeding  for 
resistance  to  purple  blotdi  would  be  interesting 

too. 
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Allium  cepa  L. 

Protologue  Sp.  pi.  1:  300  (1753). 
Family  .Ailiaceae 
Chromosome  nimiber  2n  =  16 
Synonyms  Mh'inn  asrnlnin'niiii  auct 
Vernacular  names  Onion,  bulb  onion;  shal- 
lot (En).  Oignon;  6chalote  (Fr).  Cebola;  chalota, 
cebolete  (Po).  Kitunguu  (Sw) 

Origin  and  geographic  distribution  Allium 
cepa  (including  seed-pixipagated  onions  and 
most  shallot  types)  is  only  known  from  cultiva- 
tion. It  probabty  originates  from  Caitral  Asia 
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AlUum  e^ta  -  planted 

(between    Turkmenistan    and  Afghanistan) 

whoro  siimr  of  its  rolnti\TS  still  sirow  in  the 
wild.  The  closest  among  them  are  Allium 
vcmUovii  Popov  &  Vved.  from  southern  Turk- 
menistan and  northern  Irtin,  with  which  it 
gives  100%  fertile  hybrids,  and  Alliiiin 
ujiarenae  R.M.  Fritsch  &  Matin  from  Iran.  Al- 
lium osehanmii  O.Fedtsch.  (Uzbekistan  and 
nei^bourinp  count  Hps),  which  iis<(l  to  hv  con- 
sidered the  ant-esior  ut  Allium  cepa  cannot  be 
crossed  suocessfully  with  the  cultivated  onion, 
but  iis  ilumostication  seems  to  be  the  origin  of 
some  I'luropran  shnllots'  (rchnlote  griso'  in 
France,  Scalogno  di  Komagna  m  Italj')-  From 
Central  Asia  the  supposed  onion  ancestor 
probjihiy  mlKniteil  first  towards  M<'sri|iot aniia. 
where  omun  iii  mentioned  in  Sumenan  litera- 
ture (2600  BC),  then  to  (1600  BQ,  India 
and  South-East  Asia.  Froi^i  l^'UTpt,  Atlium  cepa 
was  introduced  info  the  Mrdiforranean  area 
and  from  there  to  all  the  Roman  empire. 
Traditional  tropical  African  cultivars  m«sr  have 
been  introduced  oilhrr  from  southern  Epypt,  or 
from  India  via  Sudan  to  i-'entral  and  West  Af- 
rica, as  genetically  heterogeneous  seed  or  bulb 
lots.  th(  II  l  ii'd  by  local  farmers  into  better 
adapted  seed-propagated  onions  or  selected  to 
become  shallots.  Alliuiii  cepa  as  bulb  onion 
and/or  shallot  is  probably  cultivated  in  all 
rountrie.s  of  tropical  Xfrica.  Important  produc- 
tion areas  for  bulb  onion  are  Senegal,  Mah, 
Burkina  Faso,  Ghana,  Niger,  Nigeria,  Chad, 
Sudan,  Ethiopia.  Kenya,  Tanzania,  Uganda, 
Zambia  and  Zimliabwo. 

In  the  lowlands  between  10°N  and  ICS  shal- 
lots replace  onioins  because  the  temperature  is 
too  high  for  vernalization  and  seed  production, 


and  the  climate  too  humid.  The  short  vegeta- 
tive cj'cle  of  shallots  (60-7-5  days)  gives  the 
possibility  of  two  crops  a  year,  especially  in  the 
four-seasons  climate  aloni,'  the  Gulf  of  Guinea. 
Yellow  or  red/purple  shallots  are  grown  in 
Guinea,  C6te  d'lvoire,  Ghana,  B^in,  Nigeria, 
Sudan.  Kthiopia  1 'tjanda.  Kenya  Tanzania 
and  on  both  banks  of  the  Congo  River  near 
Brazzaville  (Congo)  and  Kinshasa  (DR  Congo). 
The  spicy  ta.ste  and  high  dn,-  matter  content 
(l.^— 18%)  of  shallots  have  made  them  attrac- 
tive for  growers  farther  from  the  equator,  in 
many  areas  where  oomm(»i  onions  are  also 
produced,  e.g.  by  the  Dogon  in  Mali,  or  in  Cape 
Verde. 

Uses  Bulbs  of  Allmm  eepa  are  a  popular 
vegetable  everj'where.  They  can  be  used  raw, 
sliced  for  seasoning  salads  Ixuled  with  other 
vegetables,  or  fried  with  other  vegetables  and 
meat.  Hiey  are  an  essential  ingredient  in  many 

.\frican  -.uici's  and  relishes.  If  consiinic-d  in 
small  amounts  for  their  pungenq>',  they  can  be 
considered  as  a  condiment.  The  leaves^  whole 
immature  plants  (called  salad  onions'  or 
spring  onions'),  or  leafy  sprouts  from  germinat- 
mg  bulbs  (called  cebettes  in  southern  France) 
are  used  in  the  same  way.  Locally,  immature 

flower  heads  are  also  a  popular  food  item.  In 
parts  of  West  Africa,  leaves  still  green  at  bulb 
harvest  are  pounded,  then  used  to  make  sun- 
dried  and  fermented  balls,  which  are  used  later 
for  sonponing  dishes.  Sliced  raw  onions  have 
antibiotic  properties,  which  can  reduce  coti- 
tamination  by  bacteria,  protozoa  or  helminths 
in  salads.  In  traditional  medicine  onion  is  used 
externally  to  treat  boils,  felons,  wounds  and 
stings,  and  internally  to  relieve  cou^s,  brcm- 
chitis  asthma,  gastro-intestinal  disorders  and 

headache 

Production  and  iuteruatioual  trade  FAO 
statistics  report  the  woridwide  annual  produo- 

tion  of  dry  onion  bulbs  in  2001  as  10  million  t, 
continental  China  being  the  largest  producer 
with  15  million  t;  India  produced  5  miUi<xi  t 
and  the  United  States  more  than  3  million  t; 
Bra/il  Indonesia.  Iran  .lapan.  South  Korea. 
Pakistan,  Russia,  Spain  and  Turkey  each  more 
than  1  million  t.  Some  countries  producing 
more  than  .500,000  t  for  a  relatively  small 
population  are  important  exporters  to  Africa, 
e.g.  the  Netherlands.  Shallots  are  either  in- 
cluded in  bulb  onion  data,  or  combined  with 
grren  onions  Mexico  reports  a  production  of 
over  1  million  t  m  the  latter  categorj'.  However, 
some  of  these  figures  should  be  considered 
critically,  e.g.  for  Asian  countries  where  '<m- 
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ions'  may  include  Allium  fislulosum  L.  Besides, 
the  data  are  often  incomplete  for  tropical  covin- 
tries.  The  prodjoction  of  tropical  Africa  reaches 
1.5  million  t.  compMred  with  2.2  million  t  for 
non-tropical  Africa.  It  is  difficult  to  know  if 
these  'dry  onions'  are  all  seed-propagated,  or  if 
th^  incliKlc  shiillota.  Most  African  tropical 
countries  import  onion  bulbs,  either  from  Ni- 
ger, which  exports  an  important  part  of  its 
200, ()()()  t  productitm,  or  from  Europe  or  South 
Africa.  Shallots  nre  exported  from  n<ir1hem 
Cote  dlvoire  and  Mali  to  the  neighbourmg 
countries. 

Properties  The  dry  nmttor  etjntent  of  onion 
or  shallot  bulbs  ranges  from  7-18%;  shallots 
generally  have  a  higher  dry  matter  amtesBA 
than  onions.  Hie  composition  of  the  dry  matter 
is  rather  constant;  the  variation  in  the  compo- 
sition of  fresh  onion  and  shallot  is  mainly 
caused  by  variations  in  moisture  content.  Bulb 

onions  rontnin  per  100  p  edible  portion  (01%  of 
product  as  purchased);  water  89  g,  energy  150 
kJ  (36  kcal),  protein  1.2  g,  fat  0.2  g,  carbohy- 
drate 7,9  g,  fibre  1.5  g,  K  160  mg,  Ca  25  mg,  P 
30  mg.  carotene  10  pg.  thiamin  0.13  mg,  ribo- 
flavin trace,  niacin  0.7  mg,  folate  17  (ig,  ascor- 
bic acid  6  mg.  The  composition  of  immature 
plants  (young  leaves  and  peeled  bidb)  per  100  g 
edible  portion  (69%  of  product  as  purchased)  is: 
water  92.2  g,  energy  98  kJ  (23  kcal),  protein  2.0 
g,  fnt  ()..")  g  rarbohydrate  3.0  g,  fibre  1.5  g,  K 
100  mg,  Ca  li^  mg  P  20  mg,  carotene  n20  |ig, 
thiamin  0.05  mg,  ribotlavin  0.03  mg,  niacm  0.5 
mg,  folate  54  Mg,  ascorbic  add  26  mg  (Holland, 
H.  T'nwin  I  D  &  Buss  D.II  .  1991).  The  car- 
bohydrates consist  of  glucose,  fructose,  sucrose 
and  fructans.  In  bulbs  with  a  low  dry  matter 
con  It  111  jlu  i>i  .itiil  fructose  are  predominant 
(7.5%  (it  till'  I  ill n ih ydrates  in  bulbs  with  7.5% 
dr>'  matter).  Iructuns  on  the  contraiy  ai-e  pre- 
doininant  when  the  dty  matter  content  is  h^ 
(90%  of  the  carbohydrates  in  bulbs  with  17% 
drj'  matter). 

FVesh  onion  bulbs  contain  sulphoxides,  the 

most  important  of  which  is  propenyl  cysteine 
sulphoxide.  Upon  bruising  the  bulb,  these  are 
degraded  by  alliinase  to  release  pyruvic  acid 
and  alkyl-thiosulphinates,  whidi  rapidly  turn 
into  .sulphides  and  disulphides  The  volatile 
alliinase  product  (Z)-thiopropanal-S-oxide 
(synonsnti:  propenyl  sulphoxide)  is  the  well- 
known  laerimatorj'  factor  in  onions,  The  degra- 
dation of  siilfihoxides  can  be  inllvieneed  by  ex- 
ternal conditions  such  as  boilmg  and  irjuig, 
which  explains  the  occurrence  of  different  fla- 
vours, l^e  combined  taste  of  sulphides  and 


caramelized  sugars  gives  the  flavour  to  fried 
onion.  The  pungency  and  flavour  of  onions 
vaiy,  depending  on  variety,  growing  conditions 
(e  g,  temperature  and  sod  nit  rogen  and  sulphur 
content)  and  storage  conditions. 
In  in-vitro  experiments  oni<m  showed  antibac- 
terial and  antifungal  activity  against  l)nth 
gram-positive  and  gram-negative  bacteria  (in- 
cluding enteropat hogens),  pathogenic  yeast 
(Candida  spp.)  and  some  skin-pathogenic 
fun<:i  ^  hiion  juiee  has  been  shown  to  have  anti- 
hypeiglycaemic  and  anti-asthmatic  properties. 
Hie  best  investigated  medicinal  activity,  how- 
ever, is  the  effect  on  platelet  aggregation  On- 
ion extracts  have  shown  m-vitro  activity 
against  platelet  aggregation,  but  clinical  tests 
have  shown  conflicting  or  inconsistent  results. 
Regular  consumjvtion  of  onion  has  been  re- 
ported to  reduce  the  risk  of  stomach  cancer. 
Description  Biennial  glabrous  herb,  usually 

grown  n.s  an  annual  frum  seed  (ir  Inilbs  up  to 
100  cm  tall;  real  stem  very  short,  formed  at  the 


Alliuin  ccpa  -  1,  Common  Oiiitm  Group:  flou  er- 
ii\^  plaui;  2,  Common  Onion  (Irojtp:  bnsnl  part 
of  plant  with  mature  bulb;  3,  Aggregalum 
Group:  mature  bulbs. 

Redrawn  and  adapted  by  I*kak  Syammdin 
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base  of  the  plant  in  the  form  of  a  disk,  with 
adventitious  roots  at  base;  bulbs  formed  by  the 
thickening  of  leaf-bases  a  short  distance  above 
thf  true  stem,  solitan^  or  in  clusters,  depressed 
globose  to  ovoid  or  oblate,  up  to  20  cm  in  di- 
ameter, variously  coloured.  Leaves  3-8,  dis- 
tichously  alternate,  glaucous,  with  tubular 
sheath;  blade  D-shaped  in  cross  section,  hollow, 
up  to  60  cm  long,  acute  at  apex.  Inflorescence  a 
spherical  umbel  up  to  8  cm  in  diameter,  on  a 

lonp,  erect,  terete,  hollow  srnpe  up  to  100  cm 
long,  usually  inflated  below  the  middle;  umbel 
initially  surrounded  by  a  membranous  spathe 
splitting  into  2-4  paperj-  bracts.  Flowers  bi- 
sexual, stellate;  pedicel  slender,  up  to  4  cm 
long;  tcpals  6,  in  2  whorls,  free,  ovate  to  oblong, 
3-5  mm  laag,  greenish  white  to  purple;  sta- 
mens 6:  ovar\'  superior.  3-celled.  style  shorter 
than  stamens  at  anthesis,  later  elongating. 
Fruit  a  globular  capsule  4-6  mm  in  diameter, 
spUttin^^:  loculiciclally,  up  to  6-8eeded.  Seeds  c.  6 
mm  X  4  mm,  black. 

Otlier  botanical  inlbimatioii  AUaim  cepa 
is  nowadays  considered  as  divisible  into  two 
large  cultivar-groups;  Common  Onion  Group, 
with  large,  normally  solitary  bulbs,  reproduced 
from  seed  or  team  seed-grown  bulblets  C^s')> 

an<l  .Af^sire^at iim  ''r(nii)  with  smaller  several 
to  many  bulbs  lurmmg  an  aggregated  cluster, 
original  mg  from  a  single  mother  bulb.  A  culti- 
var  o{  Allium  cepa  will  be  considered  as  a  'shal- 
lot' (belonginK  to  ARgregatum  (Jroup)  if  more 
than  200  buds  are  present  in  one  kg  of  mother 
bulbs,  and  if,  under  suitable  climatic  omdi- 

tions.  most  of  these  Inids  give  new  liulbs.  This 
definition  does  not  exclude  that,  if  the  sprouts 
of  a  common  onion  grow  under  conditions  un- 
favourable for  floral  initiation,  they  may  form 

smaller  bulbs,  or,  on  the  contrary  that  sprouts 
from  a  shallot  mother-bulb  may  produce  floral 
stems  when  vemaUzed. 

Only  short -day  cultivars  of  f'nmmon  Onion 
Group,  with  a  critical  day  length  close  to  12 
hours,  can  give  bulbs  in  tropical  Afiica.  They 
belong  to  3  main  categories: 
-  Traditional  tmpical  African  cultivars  e.g. 
Violet  de  Galmi ,  Blanc  de  Soumarana  (Ni- 
ger), 'Violet  de  Garango'  (eastern  Burkina 
Faso),  "Bawku'  (northern  Ghana)   Red  Kano" 
(northern  Nigeria),  Violet  d  Abeche  (eastern 
Chad),  'Malanville'  (Benin),  Houge  de  Tana' 
(West  Africa)  and  'Tana'  (adaptation  from 
'Rouge  de  Tana'  in  Madagascar^  Recent  se- 
lection in  this  categorj'  has  given  Vaakar  , 
'IRAT  19'  and  'Noflaye'  (Senegal).  Bulbs  of 
these  cultivars  have  a  hi^  dry  matter  am- 


tent  and  store  well  under  natural  conditions. 
'Noflaj-e'  is  selected  for  resistance  to  bolting. 
Big  red  onifm  cultivars  tradit  ionally  grown  in 
Sudan  are  more  like  the  West  African  un- 
ions, but  white  and  yeUow  cultivars  may 
have  originated  from  Egypt. 
Red  or  purple  onions  are  also  grown  in  Kast 
Africa,  but  their  names,  e.g.  Bombay  Red' 
and  lied  Globe'  indicate  an  Indian  origin. 
These  cultivars  may  have  been  maintained 
locally  for  long  periods  of  time  (e.g.  a  Bom- 
bay Red  strain  in  Tanzania)  resultmg  in  va- 
rieties adapted  to  local  seed  production  and 
difli  ring  fix>m  the  original  foreign  source  ma- 
terial. 

-  Mediterranean  cultivars,  either  under  their 

original  name,  e.g.  'Babosa'.  or  A'alenciana 
Temprana'  ( Jaune  Ilatif  de  Valence')  from 
Spain,  or  after  breeding  for  increased  earli- 
ness  in  the  southern  United  States,  e.g. 
Texas  ( ;r,ino  cultivars,  or  '(Iranex"  Fi  hy- 
brids. Similar  selection  work  in  South  Africa 
gave  the  open-pollinated  cultivar  'Pyramid'. 
However,  even  with  the  earliest  of  these  cul- 
tivars. Texas  Early  Grano  502',  which  can 
give  bulbs  at  latitude  0°,  no  satisfactory  seed 
production  can  be  achieved  in  tropical  Africa. 

These  onions  are  larger  than  the  I  r.idil  ional 
African  ones,  but  their  dry  matter  content  is 
cotisiderably  lower  (7-10%  versus  12-16%) 
and  their  storage  life  is  short  under  ambi«it 

conditions. 

-  Gultivars  of  the  Creole  group.  The  Red  Cre- 
ole* type  of  onion  may  have  been  developed  in 
Louisiana  from  African  onions  brought  to  the 
New  World  at  the  time  of  the  slave  trade. 
American  catalogues  traditionaUy  offer  lied 
Cr(*ole  and  more  recently  'Yellow  Creole'  and 
Wliite  ('rfTilc  their  dry  matter  content  is 
relatively  high,  but  their  seed  producing  abil- 
ity in  tropical  conditions  has  decreased.  Cre- 
ole onions  store  better  than  the 
Grano/Granex  types,  but  not  so  well  as  the 
West  African  lines.  They  tend  to  be  po|iular 
ill  countiries  of  East  and  southern  .Africa, 
where  there  is  no  tiadition  of  local  seed  [>ro- 
duclion,  but  where  red  onions  are  preferred. 
Their  bolting  resistance  is  higher  than  that 
of  onion  cultivars  imported  from  India,  hence 
their  suit  ability  for  high  altitude  growing  ar- 
eas, e.g.  in  Kenya. 

Several  seed  companies  woridwide  have  under- 
taken breeding  work  to  improve  tropical  short- 
day  onions,  including  Technisem  in  West  .Af- 
rica and  East  West  Seed  Company  in  Zim- 
babwe and  Asia.  Improved  cultivars  resulting 
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from  this  breeding  work  ore  commercially 
available;  these  include  Noflaye'  (Technisem  - 
later  bolting  selection  from  Violet  de  GalmiOt 
and  Red  Pinuy  (I^tist  West  Seed  ("'ornpany  -  a 
long  storage  and  late  bolting  red  onion  derived 
from  a  red  polycross).  The  islands  Reunion, 
Mauritius  and  Rodrigues  have  an  <iiiit>n  grow- 
ing tradition  too,  e.g.  'Rouge  de  Chateauvieux', 
a  red/pink  onion  bred  more  than  100  years  ago 
from  a  fortuitous  cnjss  between  the  Fr<>n(h 
'RouRO  Palo  de  Xioit  ;ind  an  Indian  (  iiltiv.ir  In 
Mauritius  and  Kodngues  smaller,  veiy  pun- 
gent 'Local  Red'  onions  are  also  grown  and 
maintained  l(M  ;d!y. 

Growth  and  development  The  vegetative 
growth  in  AUmin  cepa  in  temperate  areas  fol- 
lows a  growth  curve  with  a  minimum  at  6°C.  a 
relatively  flat  optimum  at  20-28°C,  and  a 
maximum  at  34°C.  Tropical  cultivars  are  pos- 
sibly adapted  to  a  somewhat  higher  range  of 
tomporntiires  rrsenrrh  in  Sudan  has  shown 
that  temperatures  of  17-22''C  at  night  and 
45"C  during  daytime  retards  bulbing  but  that 
the  plants  slowly  continue  to  produce  leaves, 
even  when  the  daylength  promotes  bulbiuy,  At 
lower  temperatures  but  the  same  daylength, 
bulbing  proceeded  normally. 

Alliiiin  rr/ni  reijuin  s  lon^:  days  for  bulb  initia- 
tion and  enlargement,  but  the  critical 
daylength  is  relatively  short,  at  less  than  12 
hours  for  traditional  tropical  cultivars,  or  for 
the  oarlirsi  Mediterranean  cultivars.  There  is 
no  true  juvenile  stage  in  Allium  cepa;  bulbing 
can  be  initiated  in  very  young  plants  if  days 
ale  longer  than  the  critical  length  and  tem- 
peratures higher  than  liU^C.  The  speetral  com- 
position of  the  light  received  by  the  leaves  has 
an  important  influence  too:  bulbing  is  pro- 
moted when  the  rinl/far-rcd  ratio  is  lowered  V>y 
high-density  planting,  mtercroppmg  or  even  by 
weeds. 

Bulbing  starts  from  the  outer  still  fleshy  leaf- 
sheaths  and  ends  with  the  formation  of  special- 
ized fleshy  scales  at  the  centre  of  the  bulb, 
which  are  effectively  thickened  leaf  sheaths 
with  undeveloped  blades.  The  mature  bulb 
consists  of  the  disk  or  base  plate,  in  fact  the 
real  stem,  the  skin  (outermost  dry  leaf 
sheaths),  false  scales  (fleshy  sheaths  of  com- 
plete leaves),  true  scales  (fleshy  sheaths  of 
bladeless  leaves)  and  primordial  sprout  leaves. 
At  maturity  the  leaf  blades  start  to  wiilier, 
while  the  water  and  assimilates  from  them  are 
rapidly  transported  into  the  swelling  bulb. 
When  the  leafy  tops  have  'fallen'  by  softening 
of  the  now  hollow  paeudo-stem,  maturation  is 


complete  and  the  bulbs  enter  a  phase  of  more 
or  less  intense  dormancy,  which  varies  in  depth 
between  cultivars.  This  dorman<7  is  most 
quickly  eliminated  at  cool  temperatures,  at  7- 
12''C. 

Floral  initiation  does  not  depend  on  daylength, 

but  requires  vernalization.  Temperatures  be- 
low ICC  are  adequate  for  temperate  or  Medi- 
terranean cultivars,  and  several  nights  below 
]'i°C  for  traditional  tropical  onions,  and  below 
18°(^  for  tropical  shallots.  \'<n-nali7af inn  can  be 
applied  to  growing  plants  or  to  bulbs  in  stor- 
age, provided  that  the  plants  are  older  than  a 
'juvenile  stage"  (G-7  lejives)  or  the  bulbs  more 
than  2.5  cm  in  diameter.  Floral  mitiation  is 
characterized  by  changes  in  shape  at  the  centre 
of  the  meristematic  apex,  the  prnnerdial  q)rDUt 
leaves  start  to  grow,  using  the  Ibod  reserves 
stored  in  the  bulb,  and  soon  the  inflorescence 
buds  become  visible  at  the  centre  of  the  leafy 

.shoots.  Onion  is  a  fnciilt .-it ivc  cross-pollinator, 
the  percentage  of  selfing  amounting  to  10-20%. 
The  flowers  are  protandrous.  Pollination  is  by 
Vjei's.  liumble-bees  or  flies,  Wlien  mature,  the 
fruits  dehisce,  allowing  shedding  of  the  seeds 

Ecology  Optimal  vegetative  growth  and 
good  bulb  maturation  are  generally  obtained 
under  dry  and  cool  conditions.  Bulb  maturity  is 
promoted  by  a  combmation  of  increasmg 
da\k  ngth  and  rising  temperatures,  whereas 
withdrawal  of  irrigation  also  hastens  bulb 
maturation.  Onions  and  shallots  can  grow  on 
any  soil  with  pH  above  5.6,  but  adequate  cal- 
cium nutrition  is  ess^tial  for  good  vegetative 
<le\  el()i)inent  and  disease  tolerani-e  <  )nif>n 
crops  in  the  tropics  are  often  grown  under  irri- 
gation between  rainfed  crops  of  cereals. 

Propagation  aud  planttng  Three  methods 
are  practised  for  onion  production: 

-  The  production  of  transplants  m  nurseries 
sown  at  a  rate  of  600-1000  seeds/m*  (1.6-3 
g/m-)  is  convenient  for  the  small  farmer. 
About  10-50  days  after  sowing  the  young 
plants,  as  thick  as  a  pencil,  are  transplanted 
at  densities  of  16-36  plants/m^.  A  row  spac- 
ing of  :',0-.1.'  cm  is  suitable  to  facilitate  hand 
weeding.  At  higher  densities  the  yield  will  be 
higher,  but  the  bulbs  smaller. 

-  Direct  sowing  is  the  noim.il  large-scale 
method  in  temperate  countries,  in  the  tropics 
this  is  rarely  used,  because  it  needs  a  high 
standard  of  husbandry,  precismn  sowing 
equipment  and  considerable  skill  in  the  use 
of  herbicides  and  irrigation.  Young  seedlmgs 
easily  perish  with  heavy  rains.  Furthermore, 
a  diiect-sown  crop  occupies  the  plots  60  days 
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earlier. 

-  Planting  'sets'  is  used  in  temperate  countries 
for  early  production.  Very  small  mature 
bulbs  weighint,'  It'ss  thsin      e  ('linmeter  l.H 
cm)  are  obtained  by  a  late  sowuig  (days 
longer  than  12  hours,  mean  temperatures 
higher  than  2n*C')  at  the  same  density  as  for 
transplants;  they  are  harvested  and  re- 
planted after  storage  at  normal  density  for 
the  early  production  of  big  bulbs.  Tliis 
method  is  s*omotimos  nppliod  in  the  fropirs 
(e.g.  in  Senegal,  for  the  production  of  early 
crops),  though  it  could  be  more  widely  used 
with  adv.-inl ,it,'i'   Hulbils  i  i-  tln'  vorv  small 
buibiets  that  may  develop  in  the  mllores- 
oenoe,  can  be  used  for  multiplication,  but  this 
is  rarely  done. 
For  shallot  produrtiun.  mother  bulbs,  weighing 
3—10  g,  are  planted  at  a  rale  of  26— 50  bulb»/m-. 
SmaU  mother  bulbs  tend  to  give  a  few  large 
shallots,  largo  mother  bulbs  n  largor  numbor  of 
small  shallots.  Dense  planting  gives  smaller 
plants  and  fewer  bulbs  per  plant  but  a  higher 
total  yield.  Seed  of  short-day  shallots  is  now 
available  from  some  companies.  For  shallots 
grown  twice  a  year  near  the  equator,  plantmg 
should  be  timed  to  allow  harvesting  during  one 

ofth<^  fhy  sf'asons 

For  common  oniun,  the  seed  yield  for  1  ha 
planted  with  6 1  of  mother  bulbs  can  reach  500 
kg.  African  farmers  have  developed  original 
tochniqups  for  onion  sooH  proHiirtion  In  Sonr- 
gal,  Niger  and  neighbouring  countries,  only  the 
lower  half  of  the  mother  bulb  is  planted,  the 
upprr  half  being  utilr/fd  to  make  sun-dried 
onion  paute.  In  northern  Nigeria,  young  shoots 
from  the  mother  bulb  are  s^arated  and  trans- 
planted Many  farmers  in  West  Africa  practise 
soed-to-scod  production,  because  it  is  onsy  and 
not  costly.  However,  this  system  aggravates 
the  risk  of  premature  bolting  in  the  first  year. 
Loral  ron.^umors  are  nccusfomed  to  finding  drj- 
young  scapes  inside  the  bulbs,  and  sometimes  a 
maricet  exists  for  the  edible  scapes  and  buds. 
More  exigent  markets  ctmsider  the  presence  of 
young  scapes  a  defect. 

Seed  production  from  Mediterranean  cultivars 
could  be  obtained  under  tropical  conditions  by 
an  adequate  vernalization  of  mother  bulbs  in 
refrigerated  stores,  but  such  a  method  would 
probably  be  too  costly  and  therefore  the  seed  is 
usually  imported  finm  ti  iniierate  regioas.  In 
Brazil,  whore  eloctruity  is  available  in  rural 
areas,  it  is  done  succesfuUy. 
Onion  seed  must  be  harvested  under  diy  condi- 
tions, treated  gently  during  cleaning  and 


stored  as  quickly  as  possible  under  dn*'  condi- 
tions. It  deteriorates  rapidly,  in  only  a  few 
months  under  humid  tropical  conditions,  but 
ean  be  stored  for  several  years  when  kvpt  dry 
m  hermetically  sealed  packages  or  in  contam- 
ers  with  a  deaiocant.  An  appropriate  seed  mois- 
ture content  for  long-term  storage  is  7-8%  or 
less. 

Management  For  good  production  oniona 
need  fertile  soil.  The  best  onion  yields  in  .Afri- 
can oxporinient  stations  wore  obtained  under 
high  fertihzing  with  120-00-150  kg/ha  NPK. 
The  fertilizers  diould  also  otmtain  oiough  sul- 
phates. The  strong  mycorrhization  of  onion 
roots  l)y  Eiidogoiiaeeae  allows  them  to  e:q[>loit 
the  phosphorus  reserves  of  the  soil.  Nitrate-N 
IS  more  favourable  for  onion  than  ammonium- 
X.  which  should  not  be  used  alone.  Organic 
matter  is  useful  if  fully  decomposed,  but  not 
when  it  releases  ammonia.  Bulbs  obtained  with 

excessive  N  fertilization  do  not  store  well,  so 
ideally  the  N  supply  should  be  adequate  for  the 
young  and  bulbing  plants  but  be  exhausted  by 
harvest  time.  For  shallots,  the  vegetative  cj'cle 
being  shorter  and  the  potential  harvest  lower 
recommended  fertilizer  applications  are  half  of 
the  ^[ures  indicated  above. 
RuTOW  irrigation  is  common  with  onions 
planted  in  double  rows  on  beds  40-60  cm  wide. 
Most  farmers  irrigate  onions  manually  over- 
hi  ml  appljring  3-4  1/m-  on  dry  days.  This  over- 
head or  sprinkling  i?-rigation  is  not  verj'  appro- 
priate for  onions  because  it  stimulates  fungal 
leaf  diseases.  Drip  irrigation  is  the  most  suit- 
able method  but  is  exjiensive  and  se  far  rarely 
used.  Salme  water  is  not  well  tolerated.  Irriga- 
tion should  be  stopped  20  days  before  the  har^ 
vest. 

During  crop  osf  ablishment  much  hand  weeding 
IS  needed  because  onions  are  slow  growing  and 
do  not  compete  well  with  weeds.  Many  weeds 
may  occur,  the  worst  being  nut  grass  {Cyperus 
rottmdus  L.). 

Diseases  and  pests  The  most  important 
soilborne  disease  in  semi-arid  regions  is  pink 
root  (I'yi ciiocIkicIii  ti-nc'^t n's)-  roots  rnt  diirmg 
bulb  enlargement,  resulting  in  small  bulbs. 
Hie  fungus  can  persist  for  several  years  in  the 
.soil  and  invades  roofs  of  other  Aflitim  species 
(e.g.  garlic)  and  grasses  (e.g.  maize).  A  d-year 
rotation  without  Allium  species  or  cereals  is 
recommended,  and  if  possible  solarization.  at 
least  for  seedbeds.  Screening  of  cultivars  from 
the  L'nited  States  and  Brazil  resulted  m  the 
selection  of  Texas  Early  Grano  602'  resistant 
to  pink  root.  However,  its  roots  were  affected 
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by  pink  root  in  Sonognl,  under  conditions  of 
monocropping  nnd  irrigation  with  saline  water. 
Breeding  for  higher  levels  of  resistance  is  car- 
ried out  in  !^nizil.  Optimum  temperatures  for 
the  development  of  white  rot  {Sclei-olmm  cepi- 
vomm)  and  stem-and-btilb  nematode  (Ditylen- 
ehus  dipsaci)  are  relatively  low.  and  therefore 
these  diseases  have  not  been  frequently  re- 
ported in  tropical  Africa.  Basal  bulb  rot  caused 
hy  Fuaarium  oxyaporum  is  sporadically  re- 
ported in  Afrirn.  Here  too,  resisfanre  has  been 
found  m  plants  from  a  number  of  countries 
(Italy,  United  States,  Brazil). 
The  most  im])ortnnt  leaf  disease  under  rainy 
conditions  during  bulb  enlargement  is  purple 
blotch  (AlUnuaia  porri).  Onions  grown  in  add, 
calcium-deficient  soils  are  especially  suscepti- 
ble; lime  or  powdered  limestone  applied  in  the 
planting  furrow  can  be  useful.  I'^ungicide  such 
as  iprodione,  daconil  and  dithane  can  be  effec- 
tive. However  the  wnxy  epidermis  of  onion 
leaves  can  retain  only  small  droplets. 
GlomereUa  eingulata,  the  twister  disease,  has 
caused  heavy  losses  in  onions  in  the  Sahel  and 
northern  Nigeria.  This  fungus  is  the  perfect 
stage  uf  the  ase.\ually  propagated  fungus  Colle- 
iotriehum  gloeoaporioides,  whidi  causes  an- 
thracnose  in  shallots  in  Indonesin  im!  fWn/il 
Several  fungi  are  seedburne.  A  powdery  mildew 
(LeveiOula  tmnea)  invades  onion  leaves  in 
coastal  areas  of  West  Africa  causing  clilorotic 
leaf  spots.  Downy  mildew  (Prrniin.ipora  fif- 
Mructor)  is  a  damaging  disease  m  the  East 
African  hig^ands.  Storage  rots  caused  by  bac- 
teria or  fungi  (e.g  Ent  iiiiit  spp  ,  Psi'ii(h>m<)ii<t,'< 
aeni  uino.Hd.  A.-ipi'igillua  uiger)  may  damage  the 
crop  esptH  i.ill\  if  the  bulbs  have  endured  too 
high  temperatures  during  diying  on  the  soil. 
The  princlfijil  cniise  is  Asprrffilhis  in's^pr  n 
common  ubiquitous  and  saprophytic  black 
mould.  A  correlation  was  ctemonstrated  be- 
tween seed  infestation  hy  .{spcrfftlliis  iiiffrr  nnd 
black  mould  in  storage.  Therefore  clean  or  dis- 
infected seeds  should  be  used.  Disinfection  of 
onion  stores  is  useful  too,  as  well  as  the  de- 
struction of  cockruaihes  whuh  carr\-  the 
spores.  There  is  a  reciprocal  interaction  be- 
tMreen  bulb  sprouting  and  storage  rots:  bacte- 
rial or  blnrk  mould  infection  can  indiire  promn- 
ture  sprouting,  and  the  flesh  of  sprouting  bulbs 
is  more  susceptible  to  rot.  Virus  diseases  are  of 
lesser  importance  in  onions  and  shallots  in 
Africa  but  they  can  be  important  elsewhere, 
e.g.  on  shallots  m  Indonesia. 
Some  Spodoptera  or  Agrotia  caterpillars  cut  the 
young  plants  at  soil  level  or  eat  the  leaves.  The 


principal  insect  pest  of  onions  and  shallots  is 
Thripa  f abaci,  which  can  be  controlled  with 
insecticides  hut  daily  spraying  with  pure  wa- 
ter or  overhead  irrigation  is  fiurl>  efficient  t<ni 
Spraying  with  msecticides  against  caterpillars 
often  aggravates  thrips  damage,  because  it 
kills  the  natural  enemies  of  thrips.  Some  culti- 
vars  are  thrips-tolerant,  e.g.  Yaakar'.  bred  by 
the  Centre  pour  le  Developpement  de 
IHort  iculi lire  (Senegal).  Four  lines  bred  by 
INA-<-"nho  Verde  ((  'jiiir  \'erde)  are  also  resis- 
tant to  both  thrips  and  pink  root. 

Harvesting  African  cultivars  or  'Texas 
Grano'  can  hr  harvested  70-80  days  after 
transplanting  (120-130  days  after  sowing)  or 
planting  of  sets,  and  later  cultivars  160-180 
days  after  sowing.  In  coastal  areas  of  Senegal, 
sets  of  Violet  de  Cfilmi'  planted  in  Oftolier  can 
be  harvested  in  January,  Violet  de  Llalmi  or 
Texas  Grano'  sown  between  September  and 
flanuary  nre  h.-irvested  from  Februaiy  to  May, 
and  daune  de  Valence'  sown  between  Januniy 
and  Mardi  is  harvested  from  June  to  August. 
This  staggering  of  production  is  more  difficult 
in  more  inland  parts  of  Senegal,  where  most  of 
the  crop  is  sown  in  December,  to  be  harvested 
in  March.  Hie  harvest  occurs  before  daily  tem- 
peratures are  over  nl  Intiludc-  nT  10-25". 
ballots  have  a  t  \  cle  Irom  plantmg  tu  harvest- 
ing of  about  75  da>  s  under  the  shortest  days 
and  cooler  temperatures,  with  some  inflores- 
renees  produced.  T'nder  longer  day.s,  the  cycle 
is  still  shorter  (60  days,  no  flowering). 

Yield  Fbr  'Violet  de  Galmi'  50-60  t/ha  has 
bef'n  nl)tiiino<l  m  exi)eriment  st .'it inns  under 
optimal  fertilization  and  irrigation,  and  up  to 
80  t/ha  for  Texas  Early  Grano'.  Yields  obtained 
by  small  farmers  reach  10-20  t/ha.  Traditional 
yields  of  sh.dlnls  are  about  8  t/lin,  but  th^can 
reach  18  t/ha  under  optimal  conditions. 

Handliiig  after  harvest  Harvested  plants 

are  usunlly  dried  for  s<xne  days  in  the  field, 
with  leaves  of  one  plant  covering  another;  they 
are  then  tied  in  bundles  with  their  leaves,  or 
the  leaves  are  cut  off  and  t  he  liulbs  gathered  in 
bags  or  crates.  The  necks  shouki  be  trimmed  at 
about  4  cm  above  the  bulb  to  avoid  damaging 
the  fleshy  bulb  tissues.  When  the  air  tempera- 
ture is  above  the  soil  surfnce  tempera- 
ture  can  rise  higher  than  45°C,  especially  on 
bla(^  soils,  so  the  bulbs  are  best  dried  under 
shade  to  i  v  i :  1 1 1  heat  damage. 
In  equati>na]  regions,  e.g.  in  Kenya,  onions  are 
produced  contmuously  and  thus  the  keeping 
quality  is  of  less  importance.  In  climates  be- 
twe^  latitudes  10*  and  26*  there  are  at  least 
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six  months  duruiK  which  freshly  harvested 
onions  are  not  available  on  the  market,  and 
there  the  choice  of  cultivars  with  goixl  keeping 
quality  is  import smt  There  are  laiiJe  dilTer- 
ences  between  cultivars  for  storability,  a  high 
dry  matter  content  is  linked  with  good  storage 
char  act  entities.  Notable  for  poor  storage  are 
'Texas  Grano'  types.  Onion  bulbs  deteriorate 
most  rapidly  at  temperatures  which  (juu-kiy 
eliminate  their  dormanQr  (6-16°C).  They  can 
be  kept  Innpor  n1  temperatures  close  to  ()°C,  or 
at  20-30 °C,  but  they  should  be  dried  properly, 
at  an  optimal  relative  humidity  of  65-80%. 
Storage  rooms  need  to  be  only  free-ventilating 
if  bulbs  are  kept  as  hanging  bunches  or  braids, 
in  stacked,  well-ventilated  crates  or  on  shelves. 
Textile  bags  of  25-50  kg  sliuuld  be  |)laced  so 
that  air  can  circulate  around  them.  Hulk  stor- 
age in  layers  more  than  40  cm  thick  or  in  bins 
of  more  than  1  m'  cannot  be  practised  without 

forced  air  circulation. 

Dormancy  of  onion  bulbs  can  be  enhanced  by 
application  of  a  plant  growth  inhibitor,  maleic 
hydxazide  (MH),  15  days  before  harvest;  it  is 
sprayed  on  the  plants  before  the  green  colour 
has  disappeared  from  the  leaves,  from  where  it 
is  transported  to  the  growing  points.  Imported 

bulbs  can  have  been  protlucerl  under  MH  use, 
since  European  legislation  does  not  require 
mention  of  this  treatment. 
Qenefio  resources  Important  collections  of 

onion  germplasm  are  maintained  in  temperate 
countries:  L'nited  Kmgdom,  Netherlands,  Htm- 
gary,  United  States  and  Japan.  Collections  of 
tropical  cultivars  are  maintained  in  Imlia  Hra- 
zil,  Colombia  and  at  AVTIDC  (Taiwan).  In  West 
Africa,  several  countries  cooperate  for  collec- 
tion, maintenance  and  characterization  of  tra- 
ditional onion  eulfivars  ronfinuinR  the  work 
mituUed  durmg  the  iUGOs  and  1970s  by  CDH 
and  IRAT  in  Senegal.  Hie  largest  number  of 
national  onion  ricn  ssions  is  Icrjit  nt  the  Oentro 
Regional  de  Recherche  Agronomique  (CERRA), 
Maradi  (Niger)  and  the  largest  regional  collec- 
tion  is  stored  at  the  Centre  Regional  di  !;<■- 
cherches  En\ironnementales  et  Agricoles 
(CRREA),  Furako-Ba  (Burkina  Faso). 
In  Indonesia,  whidi  is  the  world  leader  in  shal- 
lot production  (.'^!)0,000  t),  an  important  shallot 
collection  is  preserved  at  Lembang.  In  Africa, 
there  are  two  substantial  shallot  collections:  at 
Centre  de  Recherche  Agronomique  (CRA), 
Barong  (Ouinra)  and  at  the  Centre  National  do 
Recherche  Agronomique  (CNRA),  Bouake  (Cote 
d'lvoire). 

Breedinif  AlUum  e^po  is  insect-pollinated. 


allogamous  and  has  a  severe  inbrecdmg  de- 
pression, but  there  is  no  system  to  prevent  self- 
fertiUzation.  Open-pollinated  cultivars  are 
therefore  composed  of  plants  heterozygous  for 
many  genes,  except  for  those  mvolved  m  bulb 
characters.  Not  less  than  40-50  plants  must  be 
grown  together  undi>r  isolation  for  mainte- 
nance of  a  cultivar  without  mbreeding  depres- 
sion, and  mass  selection  pressure  must  be  per- 
manent. In  this  way  il  was  <lemonstrated  that 
the  propensity  of  A'iolet  tie  i  ;almi'  to  prema- 
ture bolting  could  be  eliminated  by  saving 
seeds  only  from  plants  that  have  produced  good 
bull>s  without  bolting  in  the  first  year.  Genetic 
material  is  available  and  research  is  carried 
out  at  several  national  institutes  in  Africa  to 
reduce  onion  bolt  ing  in  the  first  year. 
Three  levels  can  be  considered  for  onion  breed- 
ing; 

-  Selection  within  a  cultivar  for  interesting 

characters,  such  .is  .  ai  lin*  ss  insect  or  dis- 
ease resistance,  or  male  sterility. 

-  Crosses  between  onion  cultivars.  The  thrips- 

resistant  Yaakar"  was  obtained  by  crossing 
'Violet  de  Galmi"  and  Roxa  do  Traviu .  A 
short  critical  daylength  is  usually  dominant 
in  crosses  between  tropical  and  temperate 

i  idt  ivars. 

-  Inters]  )eed'ic  crosses  which  are  possible  with 
AlUuiii  gahmthum  Kar.  &  Kir.  (for  male  ste- 
rility). Allium  fistulosum  L.  (with  great  diffi- 
culties for  gone  intrngrossion  following  n 
nearl}'  sterile  Fi  generation),  and  Allium 
roylei  Steam  (resistance  to  downy  mildew 
and  Bolrytit)  leaf  blight)  More  recently  the 
use  of  Allium  roylei  as  a  bridge  species  be- 
tween onion  and  Allium  fiatulomm  has  been 
proposed  for  introgression  of  Allium  flMulo- 
sum  genes  into  Mlimn  rrpa.  Allium  fistulo- 
sum seems  to  be  tolerant  to  purple  blotch 
and  pink  root  disease,  but  it  remains  to  be 

seen  whether  it  offers  ti-ue  resistance  genes 
or  if  these  tolerances  are  linked  to  the  non- 
bulbing  habit.  A  oompUcating  frictor  is  that 
Allium  roylei  is  resistant  to  purple  blotch, 
but  susceptible  to  pink  root. 
Onion  Fi  hybrids  based  on  cytoplasmic  male 
sterility  are  promoted  by  many  seed  compa- 
nies. Their  wnKie  has  been  contested  for  tropi- 
cal countries,  since  the  yield  superiority  to 
open  pollinated  cultivars  is  not  always  signifi- 
cant (e.g.  'Texas  Early  Grano*  versus  'Granei^, 
find  their  homogeneity  is  less  perfect  than  in 
tomato  or  cabbage  hybrids,  since  the  parent 
lines  have  been  homograiized  by  only  a  few  (1— 
2)  selfings.  Their  principal  interest  for  seed- 
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grown  crops  is  the  absence  of  seeds  resulting 
firom  selfings  that  pi\  e  weok  plants. 
Sowing  seedfinni  sli  iIIdI  riones  is  an  easy  way 
to  iJemonstrate  their  h<'tcrozyK')Ui^  tiMture 
purple  shallots  from  Brazzaville  gave  some 
white  ones  in  their  progiony.  EJven  selling  of  a 
clnn*'  will  give  2-3%  superior  plants  which  in 
addition  will  be  virus-free.  Some  European 
seed  companies  have  recently  proposed  true- 
aeed  shallots  for  tropical  as  well  as  for  temper- 
ate countries,  the  .HorHf!  pivintj  rise  to  small 
shallot-like  bulbs.  Ti-ue-seed  shallots  are  not 
legally  recognized  evetywhere  as  shallots,  in 
which  cMse  they  are  considered  oninns  True- 
seed  shallots  have  phytosanitary  advantages. 
The  bulbs  obtained  in  tiiis  way  could  be  vegeta- 
tively  propagated  a  few  times  by  the  farmers, 
hut  they  would  quickly  lose  (he  advantage  due 
to  new  virus  infections.  In  addition,  propaga- 
tion by  seed  is  more  economical  than  vegetative 

pr  1]  1,1  L':  it  inn 

Prospects  in  onion  and  shallot  greater  pro- 
gress is  expected  firom  breeding  than  from  im- 
) inn  i  d  agronomy.  There  is  a  great  need  for 
Airicnn-lired  onion  cultivars  adapted  to  differ- 
ent ecological  zones  and  consumers.  Increased 
self-sufficiency  for  onion  seed  and  shallot  bulbs 

in  fnipicnl  .African  rountrios  bc( I fr  yields  and 
quality  rewardmg  the  work  of  African  farmers 
should  be  the  aims  of  national  institutes  and 
that  of  seed  companies.  Both  the  relativdy 
inexpensive  experimental  work  fur  the  preser- 
vation and  improvement  of  African  onion  and 
shallot  germplasm,  as  well  as  sharing  the 
lienefits  of  more  a(l\  ;mi(  ,|  research,  SUch  as 
marker-assisted  breedmg  and  interspecific 
crosses,  should  be  involved  to  reach  the  afore- 
mentioned aims. 
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Aluum  pistulosum  L. 

Protologue  Sp.  pi.  1:  301  (1753). 
Family  Alliaceae 
Chromosome  number  2n  =  16 

Vernacular  names  Welsh  onion.  Japanese 
bunching  onion  (En).  Ciboule  (Fr).  Cebolinha, 
oozida  (Po). 

Origin  and  geographic  distribution  Alliu  in 

fistiilosmii  is  only  known  m  cultivation  and 
probably  originated  in  north-western  China. 
DNA  studies  indicate  that  it  was  derived  from 
the  wild  Allium  altninini  Pall.,  which  occurs  in 
Siberia  and  Mongolia,  where  it  is  occasionally 
collected  as  a  vegetable  for  local  use  or  for  ex- 
port to  (  "hina.  Cultivation  of  .4i/ium  fistulosum 
dates  baek  to  at  least  200  BC  in  China.  It 
reached  Japan  before  500  AD  and  spread  fur- 
ther to  South-East  Asia  and  Europe.  'Welsh'  in 
the  name  welsh  onion  is  probably  rehited  to  the 
old  German  welsche'  meanmg  foreign,  and  has 
no  connection  with  Wales  in  the  United  King- 
dom. In  China  Allium  fistulosum  is  the  most 
important  Alliiiin  speries  fidfillinii  thr^  culinarj' 
i-ole  of  both  the  common  onion  and  leek  m 
Ekirope;  in  Japan  it  is  now  second  in  impor- 
tance to  the  bulb  nninn  (Allium  ce/xt  L ).  The 
crop  is  grown  throughout  the  world,  but  the 
main  area  of  cultivation  remains  eastern  Asia 
from  Siberia  to  Indonesia;  elsewhere  it  is 
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mainlj'  a  crop  of  homo  gardens.  In  Africa  it  is 
locally  important  only  and  is  reported  from 
Sierra  Leone,  Ghana,  Cameroon,  Congo,  UK 
Congo,  Sudan  Krnyo.  Zanibui  Zimbabwe, 
A  leaf  onion  reported  from  Nigeria  probably 
also  belongs  to  AUium  fistulomm. 

Uses  Two  types  of  Alliiiiii  fistiiJosinn  are 
grown  and  sometimes  distinguished  as  culti- 
var-gruups:  Japanese  Bunching  Group  and 
Welsh  Onion  Croup.  Japanes(>  bunching  onion 
is  grown  nininly  in  onstcrn  Asia  for  its  thick, 
blanched  pseudostems  and  is  eaten  as  a  pot- 
heib,  e.g.  in  sukiyaki  and  chidcen  dishes;  welsh 
onion  is  grown  for  its  green  leaves,  which  are 
used  in  salads,  or  as  a  herb  to  flavour  soups 
and  other  dishes.  The  latter  is  most  oommoin  in 
AMca.  In  the  Brazzaville-Kinshasa  area 
(Congo  and  DR  Contjo).  wbiilc  plants  arc  har- 
vested and  eaten  as  a  boiled  vegetable.  In 
South-East  Asia  (Java)  the  plants  are  also 
eaten  wholr  cither  steamed  or  after  heating 
over  a  fire  for  a  short  time,  and  in  Japan  seed- 
lings of  7-10  cm  tall  are  used  in  special  dishes. 
AUium  fistulosum  has  not  beoi  used  in  a  |iroc- 
essed  form  until  recently,  when  a  deb>  drat  ion 
industry'  started.  The  product  is  mamly  used  as 
an  additive  to  p reprocessed  food  subh  as  in- 
stant noodles.  The  young  inflorescence  is  Some- 
times deep-fried  and  eaten  as  a  snack. 
The  plants  are  said  to  reduce  or  prevent  ter- 
mite infestation  in  gardens.  Diluted  pressed 
juice  IS  used  against  aphids  in  China  The 
therapeutic  qualities  attributed  to  Allium  fisiu- 
lomm  are  many,  especially  in  Chinese  medi- 
cine. It  is  used  to  improve  the  functioning  of 
internal  organs  and  the  metabolism,  for  the 
prev^tion  of  cardiovascular  disorders,  and  to 
prolong  life.  It  is  further  reported  to  improve 

eyesight,  and  to  enhance  recoverj'  from  com- 
mon colds,  headaches,  wounds  and  festering 
sores. 

Production  and  intcmational  trade  Xo 
worldwide  statistics  for  Allium  fistuloauin  are 
available,  as  information  on  its  production  is 
often  combined  with  that  of  other  AUium  spp, 
China  Japan  Korea  Taiwan  and  Indonesia 
are  the  mam  producers.  In  1U84  production  in 
Japan  reached  663,000  t  from  24,000  ha,  in 

Kon  i  i:'L' nno  t  from  IH  000  hn. 

Properties  The  nutritional  composition  of 
raw  green  tops  per  100  g  edible  portion  is:  wa- 
ter 90,5  g,  energy  142  kJ  (.31  kcal).  protein  1.9 
g,  fat  0. 1  g,  carbohydrate  fi  .'i  g  Ca  18  mg  Mg 
23  mg,  P  49  mg,  Fe  1.2  mg,  Zii  O.o'Z  mg,  vita- 
min A  1160  lU,  thiamin  0.06  mg,  riboflavin 
0.09  mg,  niacin  0.40  mg,  folate  16  |ig,  ascorbic 


acid  27  mg  (I  SDA,  2002).  The  nutritional 
value  of  green  tops  and  blanched  pseudostems 
differs,  green  tops  being  more  nutritious. 
The  odour  of  Allium  fistulosutn  is  not  ven,' 
strong.  It  is  chemicallj^  intermediate  between 
the  odours  of  onion  and  leek.  It  derives  from 
volatile  propyl  cysteine  sulpho.xide  (character- 
istic of  leek)  and  propenyl  cysteine  sulphoxide 
(characteristic  of  onion).  These  alkyl-sulph- 
OXides  are  dt^gradation  products  of  non-protein 
amino  acids  of  the  S-alk(en)yl-cysteine  group. 
When  cells  are  damaged  the  ammo  acids  break 
down  under  the  influence  of  the  enzyme  alii- 
nase  into  highly  reactive  sulphenic  acids,  am- 
monia and  pyruvate.  The  sulphenic  acids  then 
react  with  (rther  compounds  to  form  a  range  of 
disulphides. 

A  large  proportion  of  the  storage  carbohydrates 
are  sugars  and  oligosaccharides.  Besides  glu- 
cose, fructose  and  sucrose,  th^  consist  of  mal- 
tose, rhamno.se,  galactose  arnbinosc-  mannoee 
and  xylose.  Sugar  and  protein  contents  in- 
crease in  plants  grown  under  low  tempera- 
tures, and  this  improves  eating  quality. 
Tests  showed  that  welsh  onion  extracts  can 
modulate  vascular  tone  m  vitro  in  the  thoracic 
aortae  of  rats.  This  supports  the  use  in  tradi- 

lional  medicine  to  jirevenf  cardiovasculni"  dis- 
orders. Antifungal  constituents  have  been  iso- 
lated from  the  seeds. 

Description  Perennial  glabrous  herb,  grow- 
in  g  in  tufts  usually  grown  as  an  annual  or 
biennial  plant,  up  to  50(-100)  cm  tall,  with 
indistinct,  ovoid  to  oblongoid  bulb  up  to  10  cm 
long,  later;)]  bulbs  few  to  several  or  virtually 
absent;  tunic  white  to  pale  reddish  brown. 
Leaves  4-12,  distidiously  alternate,  glaucous, 
with  tubular  sheath;  blade  cylindrical,  hollow, 
IO-.iO(— 100)  cm  X  O  .'i— 2.5  cm,  acute  at  apex, 
inlloi-escence  a  spherical  umbel  3-7  cm  in  di- 
ameter, on  a  long,  erect,  terete,  hollow  scape  up 
to  ,50(-100)  rm  Idoti  and  up  to  2.5  cm  in  diame- 
ter; umbij  composed  either  of  flowers  or  of  bul- 
bils only;  spathe  1,  hyaline,  persistent,  up  to  1 
cm  long,  sphtting  into  (l-)2-3  parts.  Flowers 
bisexual,  nannwly  campanulate  to  urceolate; 
pedicel  slencii  r,  up  to  3  cm  long;  tepals  G,  in  2 
whorls,  free,  ovate-oblong  to  oblong-lanceolate, 
G-IO  mm  long,  white  with  greenish  midvein; 
stamens  6,  exceeding  tepals,  connate  at  base 
and  adnate  to  tepals;  ovar\'  superior,  3-celled, 
style  slender,  ^needing  ti-|)als  Fruit  a  glnbular 
capsule  c.  .5  mm  in  diameter,  splitting  loculi- 
cidally,  few-seeded.  Seeds  3—1  mm  x  2-2.5  mm, 
black. 

Other  botanical  iufonuatioii  In  Europe  a 
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Allium  fistti  In.vi  in    pUuU  habit. 
Source:  PEOSEA 

classification  into  2  ciiltivar-tiroups  has  lieen 
proposed:  Japanese  Bunching  Group,  single- 
stemmed  Gultivars  grown  for  their  thickened 
pseudostem,  and  Welsh  Onion  ''>n)U)<.  multi- 
stemmed  niltivnrs  prown  for  their  leaves.  A 
classification  mto  3  groups  is  common  m  Ja- 
pan: Kaga  Group  grown  in  the  coolest  parts  of 
Japan  for  its  pseiidostenis;  Kujyo  Group 
mainly  grown  in  the  warmest  parts  of  Japan 
and  mainly  for  its  leaves;  and  Senju  Group, 
intermediate  in  use  and  ecological  require- 
ments 

Superlicialiy  there  is  a  strung  resemblance  to 
Allium  c^po,  but  AUium  fistulo8um  does  not 

develop  a  bulb  although  some  slight  thicken- 
ing of  the  base  of  the  pseudostem  may  occur. 
Its  foliage  leaves  are  somewhat  rounder  in 
crosa-eectifHi,  not  flatten  1  niaxinlly  Difier- 
encos  are  more  promineni  ui  the  flowers.  In 
Alliuiii  fislulo3Uin  flowermg  progresses  fx'om 
the  top  of  the  umbel  downwards.  The  flowers 
lack  bracteoles,  are  larger  and  campanulate  to 


urceolate.  while  those  of  Alliuin  cepa  have 
brncteoles.  are  sninller  and  stellate. 
Alliiini  fisliilosiiiii  hybridizes  easily  with  .4/- 
litiin  ultaiciini:  the  hylMids  have  hiyh  jiollen 
fertihty  and  form  ample  seed.  Hybridization  is 
also  possible  with  Allium  cepa.  The  hybrids  are 
perennial  plants  forming  small  bulbs.  Several 
old  hybrids  between  AUium  fialuloaum  as  fe- 
male parent  and  tropical  shallots  {Allium  cepa 

Aggregatum  Group)  exist  .  TheK(>  are  known  as 
Allium  y^prnlifenim  Alliuin  xn  aht\iit  or  Mliu in 
fisUilosum  var.  caeapilomm.  Examples  are  the 
Indonesian  shallot  'Sumenep',  which  is  well 
adapted  to  tropical  conditions  and  never  flow- 
ers, and  the  top  onion  in  which  the  inflores- 
cence is  composed  of  bulbils.  In  the  vegetative 
stage  these  plants  resemble  Allium  fiatulomm. 
Recent  commercial  hybrids  between  AUium 
fistulosum  as  female  parent  and  Allium  cepa, 
grown  mainly  in  the  United  States  and  Europe 

for  their  tureen  tops,  include  Beltsville  Bunch- 
ing (a  seed-producing  tetraploid),  Louisiana 
Elvergreen'  (a  sterile  diploid)  and  'Delta  Giant' 
(a  sterile  tnploid  originating  from  a  backcroBS 
of  the  hybrid  with  Alliuin  cepa).  .Another  group 
of  hybrids  grown  in  Japan  is  Yakura  Negi 
Group.  Plants  of  this  group  tiller  abundantly  in 

sprinsi  '"'nil  summer  antl  are  rlormant  in  winter. 
Their  mllorescence  produces  no  flowers  but 
only  bulbils;  t  hey  are  propagated  by  division  or 
by  bulbils. 

Growth  and  development  \lliiini  fi.ihiln- 
sum  is  a  perennial  plant,  grown  commercially 
mostly  as  an  annual,  but  in  home  gardens  also 
as  a  perennial,  It  does  not  have  a  long-day  dor- 
mant stage  like  Allium  cepa,  so  it  continues  its 
vegetative  growth  and  does  not  develop  a  real 
bulb.  However,  .someOUltiVars  which  originated 
from  cold  temperate  areas  show  short -day  dor- 
mancy'. They  stop  growing  and  their  leaves  dry 
out  and  die  off  under  short  days,  even  when  the 
temperature  would  permit  normal  growth.  The 
lateral  buds  in  the  leaf  axils  elongate  and  de- 
velop as  tillers  to  form  a  dump.  This  tillering 
diaracteristic  is  more  pronounced  in  cultivars 
grow  n  for  the  green  leaves  than  in  those  grown 
for  the  long  blanched  pseudosleras. 
Flower  induction  is  controlled  by  temperature 
and  daylength.  Low  tomperatures  and  short 
days  induce  flowering,  but  requirements  vaiy 
strongly  with  the  origin  of  cultivars.  Flowering 
is  gem  i  dly  induced  by  temperatures  below 
IS^C,  when  seedlings  have  formed  a  certain 
number  of  leaves  or  a  pseudostem  of  a  certain 
thidmesa.  In  the  tropics,  where  oonditiana  fa- 
vour vegetative  rather  than  generative  growth, 
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only  some  wcll-adapt.od  cultivars  will  flower. 
Roots  are  readily  colonized  by  arbuscular  my- 
ooirhizal  fiingi,  whidi  enhances  P  uptake  and 
Btimul.'tti's  growth. 

Ecology  Allmm  fisluloaum  is  adapted  to  a 
remarkably  wide  range  of  climates.  It  is  very 
tolerant  of  cold  weather  and  can  ovcivvinti'i- 
even  in  Siberia.  It  is  also  tolerant  uf  hut  humid 
conditions  such  as  those  occurring  near  Braz- 
zaville  and  KinsbAM  in  Central  Africa.  Tn  Java 
(Indonesia)  it  prows  well  alxno  an  altitude  of 
200  m,  but  it  is  more  common  above  500  m. 
Most  local  cultivars  are  well  adapted  to  varia- 
tions in  rainfall  and  they  are  more  tolerant  of 
heav}'  rainfall  than  other  Allium  spp.  Estab- 
lished plants  are  tolerant  of  moisture  stress 
and  li  uught  wdl  rarely  kill  them. 
A  well-drami'd  loamy  soil,  lich  in  organic  mat- 
ter IS  preferred.  Allium  liatuloauin  is  very  sus- 
o^tible  to  waterlogging,  which  quickly  kills 

the  active  roots.  For  optimal  prowtiT  a  n<nitral 
soil  pH  is  required,  but  even  at  a  pH  of  8-10 
good  growth  is  possible.  In  acid  soils  growth  is 
^<  iii'i  jiUy  poor. 

Propagation  and  planting  In  the  tropics 
Allium  jiatuloaum  is  propagated  mamly  by 
basal  tillers  and  can  be  planted  the  whole  year 

round.  .Although  seed  pi'oducl  ion  is  pnssihir  at 
devations  above  lUOU  m,  and  imported  seed  of 
Taiwanese  and  Japanese  cultivars  is  also 
available,  plants  are  rarely  raised  from  seed 
because  this  is  moj-e  difficult  undt  r  tropical 
conditions  and  is  more  lime-consummg.  How- 
ever, in  the  Brazzaville-Kinshasa  area,  both 
tillers  and  seed  of  local  cultivars  are  used.  In 
temperate  areas  where  seed  product  ion  is  more 
successful,  propagation  is  mainly  !>>  seed, 
which  is  either  sown  directly  into  the  field  or 
first  in  nurseries.  The  weight  of  1000  seeds  is 
2.2—2.5  g.  Seed  requirements  are  8-16  kg/ha 
for  direct  seeding  and  2-4  kg/ha  in  Uie  case  of 
transplanting.  In  nursery  beds  seeds  are  ei- 
ther broadcast  or  sown  in  rows  or  m  5-6  cm 
wide  bands.  The  area  of  nurseiy  required  is 
10-12%  of  the  field  area.  Seedhngs  an  nMily 
for  transplanting  when  25-30  cm  tall  and  thick 
as  a  pencil. 

Management  For  green  leaf  production, 

land  preparation  is  light.  Tillers  or  seedlings 
are  transplanted  into  raised  beds  or  ridges, 
which  are  alternated  with  furrows  for  irriga- 
tion and  drainage.  Planting  distances  are 
about  20  cm  x  2.t  cm  (200,000  plants  per  ha). 
About  one-third  of  the  top  part  of  the  tiller  is 
usually  trimmed  to  reduce  transpiration. 
Planting  holes  are  filled  with  50-100  g  of  ma- 


nure (10-20  t/hn)  and  the  shoots  inserted 
slanting  to  stimulate  tillering.  L'rea  or  ammo- 
nium sulphate  at  a  rate  of  3  g  per  |)lant  (about 
rsnn  kg/lia)  is  applied  ^,  weeks  after  jdanting, 
and  agam  at  6  weeks  alter  plontmg  if  soil  fer- 
tihty  is  low.  Weeding  and  earthing  up  are  usu- 
ally practised  6-7  weeks  after  planting  Allium 
fistulomm  needs  plenty  of  water.  At  lower  ele- 
vations, it  is  usually  grtnvn  during  the  rainy 
season.  Daily  irrigation  is  nert'ss.iry  diirinp  the 
diy  season.  Mixed  cropinnp  with  white  cab- 
bage, carrot  and  potato  is  common  in  the  high- 
lands. 

For  blanched  pseudostem  production,  fields  are 
deeply  cultivated.  Furrows  of  10-20  cm  deep 
are  made,  the  soil  being  thrown  to  one  side 

forming  a  ridge  which  will  8upp>ort  the  young 

plant  and  facilitate  earthing  up  later.  Earthing 
up  is  essential  to  blanch  and  soften  the  leaf- 
sheath  cylinder.  As  earthing  up  also  affects 
aeration  of  the  mots  and  thus  checks  growth,  it 
should  be  done  gradually'  and  not  be  started  too 
early. 

Diseases  and  pests  Although  Allium  fistu- 

losiiin  [•<  pfiK  rally  a  healthy  crop,  it  may  be 
affected  by  a  number  of  diseases,  many  of  them 
common  to  most  Allium  crops.  Purple  blotdi 

{.\!li-nnin'(i  porn),  whic-h  causes  characi t^-ist ic 
concentric  spots  on  the  leaves,  and  downy  mil- 
dew (JPerotto^ra  destructor)  may  cause  severe 
problems.  White  rot  (ScleroUum  c^ivomm) 
may  cause  serious  losses  under  successive  or 
repeated  cropping,  as  the  pathogen  is  ver>'  per- 
sistent in  the  soil.  Poor,  imbalanoed  nutrition 
and  heavy  rams  stimulate  the  development  of 
the  diseases.  The  practice  of  vegetative  propa- 
gation is  conducive  to  virus  infestation,  but 
many  l.indr.K  i  s  srr  in  to  he  relatively  tolerant. 

Diseased  [il.ints  should  he  removed  by  rigorous 
visual  inspection  of  the  plantuig  material.  Al- 
lium  fistulosum  is  resistant  to  the  mion  yeUow 

dwarf  virus  (OYD\'),  hut  susceptible  to  the 
welsh  onion  yellow  stripe  virus  (WoYSV),  oc- 
curring e.g.  in  Japan  and  Indonesia.  It  causes 
similar  mosai(-(\pi'  symptoms,  including 
chlorotic  motlhnu  slii-aking  and  stunting,  and 
distorted  flattening  of  the  leaves.  lielative  tol- 
erance is  found  in  cultivars  of  Kujjro  Group. 
Alliiiiii  fi.ttttlnsii lu  is  i-fsist .-int  to  several  dis- 
eases affecting  other  Allium  spp.  including 
pink  root  caused  by  Pyrenoehaefn  terrestiis, 
neck  rot  caused  by  B<^rytU  spp.  and  leaf  lOt 
caused  by  Dntrytis  sqiiamnsn.  Partial  resis- 
tance has  been  found  to  anthracnose  (Collelo- 
trichum  gloeosporioidea). 
The  beet  army  worm  {Spodopiera  exigua)  and 
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the  .'Vmerican  bollworm  (Ilcliolhijt  arniigeixi) 
are  the  most  serious  pests.  They  are  difficult  to 
control  because  the  larvae  hide  msidr  thf  hol- 
Inu  Ictivps  Mild  the  waxy  Inycr  <<n  tlic  leaves 
hinders  wetting.  Onion  thrips  {Thrips  t abaci) 
may  cause  considerable  damage.  Huips  dam- 
age is  stimulated  by  pesticide  spriiyint,'s 
against  Spodoptera,  which  kill  the  natural 
enemies  of  the  thrips.  Overhead  sprinkling 
reduces  thrips  damage. 

Harvesting  Tn  the  tropics  AJIii/iti  fi.ttiiln.vim 
can  be  harvested  year-round;  in  the  Brazza- 
viUe-Kinshasa  area  it  is  mainly  harvested  dur- 
ing till'  niiny  season  I'ljints  iire  pulled  out 
about  2.5  months  after  plantmg  the  tillers.  The 
part  used  as  planting  raatoria]  for  the  next  crop 
is  left  in  the  field  until  it  is  needed  Harvest  uig 
is  a  labour-intensive  operation  especially  for 
pseudostems,  which  have  to  be  dug  up,  cleaned 
and  bundled.  Medianized  harvesting  equip- 

rni  nl  li.isbccn  dovclnpcd  in  -I.-ijinn. 

Yield  Yield  data  for  countries  in  Africa  are 
not  available.  Average  yields  in  Japan  and 
l\orf!i  are  aliout  25  t/ha,  in  Taiwan  10-15  t/ha. 
In  Indonesia,  they  are  considn  ably  lower,  av- 
eraging 7  tyha,  but  they  may  reach  15  t/ha; 
however,  the  growing  period  is  only  2.6-3 
months  compared  to  9  months  in  East  Asian 
countries. 

HancQiug  after  ]i«iv«st  After  harvesting, 
leaves  and  pseudostems  are  cleaned,  dried  or 

damagrd  li  nvrs  are  romovcd,  and  the  plants 
are  bunched  and  packed  in  boxes  or  baskets  for 
transport  to  the  market. 

Genetic  resources  Collections  of  germ- 
plasm  are  maintained  m  Japan,  the  United 
States,  the  United  Kingdom,  Germany  and  the 
former  Soviet  Union.  IPGRI  ranked  AiUum 
fi.stiilosiiw  second  in  importance  in  the  penus 
Alliuin  because  of  its  disease  resistance,  eco- 
logical adaptability  and  dose  relationdiip  to 
Allium  cepa.  Breeders  often  maintain  thoir 
own  collections  and  commonly  exchange  mate- 
rials, thus  maintaining  an  adequate  level  of 
variability. 

Breeding  In  most  countries  farmers  produce 
their  own  seed  or  planting  material.  In  Japan  a 
seed  industry  has  developed,  and  several  new 
cultivars  arc  rcle.iscil  jx  r  year.  T.nrpc  breeding 
programmes  also  exist  in  Uhma  and  Taiwan. 
Breeders  aim  at  improved  cultivar  homogene- 
ity and  adaptation  to  specific  ecological  condi- 
tions. For  psoiidostem  cultivars,  brooding  work 
aims  at  obtaining  lines  with  mmimal  tillering. 
Male  sterile  lines  exist  and  Fi  l^brids  have 
been  develq>ed 


Prospecta  The  great  ndaptabilit}'  of  the  crop 
and  the  example  of  Japan  and  Taiwan,  where 
intensification  of  cultivation  combined  with 
selection,  breeding  and  the  development  nf  a 
good  marketmg  network  has  led  to  a  greatly 
increased  production,  indicate  that  there  is 
groat  scope  for  the  development  of  better  culti- 
vars and  for  increased  commercialization  and 
intensification  of  production  in  the  tropics, 
including  Africa. 
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Alliu.m  .sativum  L. 

Protologue  Sp  pi.  1:  297  (1753). 
Family  Alliaceae 
Chromosome  number  2n  =  16 

Vernacular  names  Garlic  (En)  (Fr). 

.Mho  (Po).  Kitunguii  sannni  sn>ti>i  tliumu  (S\v), 
Origin  and  geographic  distiibutiou  yiarlic 
is  believed  to  originate  from  Central  Asia  (Ka- 
7akhstan  C/lic^lsist.in  .iml  \\(stem  China). 
This  was  coniirmed  by  phylogenetic  analysis 
based  on  molecular  and  biodiemical  markers, 
also  indicating  a  secondarj'  diversity  centre  in 
the  Ciiucasus.  Garlic  spread  to  the  Mediterra- 
nean in  ancient  limes.  It  was  already  grown  in 
Egypt  in  1600  BC  and  is  an  ancient  crop  in 
India  and  China  as  well.  .\t  present  garlic  is 
grown  all  over  the  world  from  the  equator  to 
latitudes  of  50"  in  both  hemispheres,  but  is 
most  popular  in  China,  the  .Mediterranean  and 
Latin  .Vmerica.  In  tropical  ;\frica,  garlic  is 
grown  during  the  cold  season  in  the  Sahel  and 
at  high  elevations  in  East  and  southern  Africa. 
It  is  a  popular  crop  in  the  savanna  zone,  with  a 
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AlUum  MitiiMm  -  planted 

wide  genetic  variation  in  local  cultivars.  It  is 
rarely,  if  ever,  found  in  hot  and  humid  low- 
lands. 

Uses  After  onion,  garlic  is  the  second  most 

widely  used  cultivated  AUmin.  The  bulb,  com 
posed  of  so-called  cloves  is  mainly  used  for 
flavouring  meat,  fish,  sauces  and  salads,  raw 
or  cooked,  or  more  recently  in  dehydrated  form. 

.Xjiiirt  from  bulbs  tho  youn<i  flor;il  stems  :\vc 
also  used  in  Spain,  China  and  Indonesia,  and 
whole  young  green  plants  are  used  too.  Garlic 
is  much  valued  as  .1  phyto-therapeutic  crop, 
(larlic  users,  including  mnny  African  people, 
extol  its  taste  and  health  qualities.  Crushed 
raw  garlic  is  strongly  antibiotic,  and  it  has  a 
n']iutation  fm-  Inwi'iiny  Mom!  |ii'-^si.iic  atKl 
cholestetx)!,  and  inhibilmg  thrombus  formation. 
Leaves  and  bulbs  are  considered  to  have  hy- 
potensive, carminative,  antiseptic,  anthelmin- 
tic, diaphoretic  and  cxpoctornnt  Tifopcrtirs. 
Several  attributed  px'ophylactic  qualiucs  are 
questionable,  but  have  resulted  in  a  ricli  sup- 
ply of  and  demand  for  medicinal  pilla,  drinks 
and  powders  based  on  garlic  extracts. 

Prodnction  and  international  Inide  World 
production  for  2001  is  estimated  by  KAO  at 
about  11  mdlii)n  t  rhin;i  is  by  far  the  largest 
producer  with  7.U  million  I  from  586,000  ha; 
other  important  producers  are:  India  (600,000 
t),  South  Korea  (18^000  t)  T'nitcd  States 
(336,000  t),  Egj'pt  (215,000  t),  Russia  (202,000 
t),  Spain  (179,000  t),  Argentma  (130,000  t), 
Ukraine  (127,000  t)  and  Tuil^  Id:'.  000  t), 
Mcditorronean  North  Africa  (exi  luding  Hgypt) 
produces  66,000  t,  tropical  Africa  accounted  for 
29,000  t  (mainly  Sudan  with  17,000  t,  Niger 
8000  t  and  Tanzania  2000  t),  but  most  of  the 


West  Mrican  countries,  which  are  producers  at 
the  scale  of  traditional  agriculture  and  local 
markets,  are  not  mentioned  in  statistics.  Pro- 
duction areas  are  found  m  the  Sahel  and  the 
highlands  of  Kenya,  Tanzania,  Uganda  and 
Zambia,  but  there  are  no  records  on  acreages. 
I'roduction  in  tropical  Africa  is  not  large 
enough  to  fiilfil  local  needs;  prices  in  local 
markets  are  high  and  imports  are  necessary. 
Principal  exporting  OOUntries  are  Spain  and 
Argentina,  and  more  recently  China.  Occasion- 
ally Mexico  and  Peru  export  too.  The  import- 
export  market  of  garUc  fluctuates  highly  as  a 
result  of  ihi'  prices  at  which  garlic  is  ofrcicd. 
The  United  States  is  an  e^orter  of  dehydrated 
garUe. 

Properties  The  nutritional  value  p<  r  100  g 
of  peeled  cloves  (i.e.  79%  of  the  dn,"  bulb 
weight)  is:  water  64.3  g,  energj-  411  kJ  (98 
kcal),  protein  7.9  g,  fat  0.6  g,  carbohydrate  16.3 

g,  diet  an-  fibre  1.1  c  Cn  1!)  mp  P  170  mp  Fe 
1.9  mg,  carotene  trace,  thiamin  0.13  mg,  ribo- 
flavin 0.03  mg.  folate  5  ^ig  and  ascorbic  acid  17 
mg  (Holland.  B..  Unwin,  I.D.  &  Buss.  D.H., 
1991).  When  used  immature,  the  edible  portion 
amounts  to  60—70%  of  the  total  plant  weight, 
l^e  flavour  of  garlic  is  based  on  sulphur- 
containing  compounds  collect i\ely  reH^rnM]  as 
S-alkyl-cysteine  sulphoxides.  Garlic  is  charac- 
terized by  the  predominance  of  alliin  (S-allyl-L- 
(+)-cysteine  sulphoxide),  which  is  odourless, 
but  on  crushing  breaks  down  to  allicin  (dial- 
lyldisulphide-mono-S-oxide),  the  principal  ele- 
ment of  the  taste  of  raw  garUc.  Allicin  is  also 
instable  i>-:pec-irilly  (liiiitiK  mukiiiL;  ;in(l  con- 
verts mto  diallyldisuiphide,  the  prmcipal  taste 
component  of  cooked  garlic. 

.Scver.il  ^petific  medicinal  aspects  of  garlic 
ha\-e  been  denmnst  rat  eel  In  in-vitro  experi- 
ments, garlic  showed  antibacterial  and  anti- 
fungal activity  against  both  gram-positive  and 
gr.mi  ni  u.itix'o  bacteria  (inchidinp  enfin-opa- 
thogens),  pathogenic  yeasts  {Candida  spp.)  and 
some  skin-pathog^c  fiingi.  In-vivo  studies 
with  rabbits  and  guinea-pigs  showed  positive 
results  when  experimentally  induced  dr-rmato- 
phyte  infections  were  treated  with  a  garlic  ex- 
tract. Tests  with  rabbits  and  rats  demonstrated 
that  garlic  extract  lowers  blood  cholesterol  and 
triglyceride  and  also  has  antihypertensive  and 
antihyperglycaemic  effects.  The  best  investi- 
gated medicinal  property,  however,  is  the  effect 
on  jilatelet  aggregation.  (Garlic  extracts  show 
m-vitro  activity  against  platelet  aggregation. 
Clinical  tests  have  been  conducted  (inhibitian 
of  platelet  aggregation,  lipid-lowering  activify), 
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but  the  results  arc  conflicting  or  inconsistent. 
Regular  consumption  of  garlic  is  correlated 
wilJi  a  reduced  risk  of  stomach  cancer.  Tests  on 
rata  and  mn-i-  domonstnifcd  anticancer  activily 
of  garlic  and  its  major  compounds. 

Deacriptioii  Erect  herb,  usually  grown  as 
an  annual  from  sm;dl  hullis  (cl<ivos).  up  to  150 
cm  tall;  real  stem  ver>'  short,  formed  at  the 
base  of  the  plant  in  the  form  of  a  disk,  with 
adventitious  roots  at  base;  bulb  solitary',  de- 
pressed plohose  to  ovoid,  up  to  7  cm  in  diame- 
ter, whitish  to  pui-plish,  composed  of  (l-)7-15(- 
40)  sessile  cloves,  these  ovoid  to  ellipsoid- 
oblong  and  borne  in  the  axil  of  the  2.  3  or  4-5 
last  leaves,  each  clove  consisting  of  a  protective 
sheath,  a  single  thickened  storage  leaf  sheath 
and  a  small  central  bud;  pseudostem  formed  hy 
sheathing  bases  of  suciesHive  lenves  Lc-n  cs  4— 
10,  distichouuly  alternate,  glabrous,  with  tubu- 
lar sheath;  blade  linear-oblong,  up  to  60  cm  x 

2  "i  cm  nearly  flnt  or  \'-«hnprfl  in  rross-sertion 
acute  at  apex,  smooth  or  crenulate  at  margins. 
Inflorescence  a  spherical  umbel  up  to  2.5  cm  in 
diameter,  on  a  solid  scape  up  to  150  cm  long, 


Alliinn  salivum  -  1,  2,  plant  habit;  3,  bulb;  4, 

mflofvsceiice. 
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initially  cun'cd  as  a  crook,  then  coiled  and 
eventually  straight;  umbel  composed  of  flowers 
and  bulbils  or  <mly  bulbils,  initially  surrounded 
by  M  mcmlirrmous  spjithe  splitting'  on  one  side. 
Flowers  usually  poorly  developed  or  absent; 
pedicel  slender,  up  to  1.5  cm  long;  tepals  6,  in  2 
whorls  iVi-e.  lanceolnte.  u])  to  '^  mm  lont:. 
greenish  white  or  pale  pink;  stamens  6,  usually 
rudimentary;  ovan,'  superior,  3-celled,  style 
shorter  than  tepals.  Fruit  abortive,  seedless. 

Other  botanical  information  (Jarlir  rulti- 
vars  can  be  classified  according  to  morpho- 
phjrsiologicfll  characters  into  cultivar-groups 
which  lire  iti  roiiicidence  with  categories  delim- 
ited with  biochemical  tests,  except  in  the  centre 
of  origin,  Central  Ana  and  the  Caucasus, 
where  a  considerable  genetic  diveraitj'  is  hid- 
den under  a  rather  monotonous  morphology 
Garlic  seems  to  have  been  spread  six  or  seven 
times  from  there  to  other  parts  of  the  world. 
.\  clnssificntion  of  AUiiim  sativiini  into  1  proups 
has  been  proposed  by  Mn.nss  &  Kiaas  (1995), 
based  on  moipho-ithysiologicnl  characteristics 
as  well  as  phylogenetic  analysis  on  the  basis  of 
biochemical  antl  D.X.V  markers:  Sativum 
Group,  Ophioscorodon  (J  roup,  Lxingicuspis 
Group  and  Subtropical   Group.   Of  these, 

T.ont;icusf)is  (Irouj),  comprising  seed-producing 
cultivars  from  Central  Asia,  is  considered  the 
ancestral  group  from  which  the  other  gn)ups 
evolved.  Sativum  <  ".(  i|  i<  highly  heterogene- 
ous (nnd  often  subdivideil  mto  up  to  y>  separate 
groups)  and  together  with  Subtropical  Group 
indudes  cultivars  grown  in  the  tropics.  Ophio- 
scorodon droup,  also  known  as  rocambole  or 
serpent  garUc,  is  mamly  grown  in  eastern 
Europe. 

Three  groups  of  cultivars  belonging  to  Sativum 
Group  are  grown  in  tropical  .\frica:  the  first 
(distinguished  as  isozj^me  type  11a)  having 
white  or  pale  purple  bulbs,  each  with  20-40, 
small,  white  or  pale  pink  cloves  cri  i-t  nnd  nar- 
row leaves,  and  long  and  thin  pseudostems, 
cultivated  in  Egypt  and  tropical  lowlands;  the 
second  (tropical  ramification  of  isozyme  type 
nb)  having  small  l)u!l)s  each  with  in-li'  small, 
pink  cloves,  grown  m  Senegal,  Mali  and  Niger; 
and  the  third  (tropical  ramification  of  isozyme 

tjTie  lie)  having  white  bulbs  enrh  with  8—12 
white  cloves  and  comparatively'  wide  leaves, 
grown  in  cooler  regions  where  CThinese  immi- 
grant s  are  present.  The  fourth  i^roup  grown  in 
tro|ii<nl  Africa  belongs  to  Subtropical  Group 
(distmguished  as  isozyme  type  Vb);  it  has  pur- 
ple bulbs,  each  with  5-10  large  doves,  com- 
paratively wide,  decumbent  leaves,  and  is 
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grown  in  highlands.  Cuhivors  of  this  group  arc 
grown  on  a  large  scalp  in  Mexico,  Peru  and 
Thailimd.  Thf  distnl  i.i  in  of  these  4  groups  in 
Africa  seems  linki'd  to  Llimatic  conditions  (low- 
land/highland) and  contingency,  except  for  one 
group  (isozyme  type  lib),  whidi  is  characteris- 
tic  f<ir  West  Africa  and  probably  of  very  ancient 
origin.  Countries  with  the  largest  number  of 
cultivars  are  those  with  the  most  heterogene- 
ous human  population  (e.g.  Reunion,  where  7 

cultivars  hn\-ebcfn  < i}>>cn-cil) 

Growth  and  development  During  its  life 
cyde  the  garlic  plant  undergoes  successive 
stages  of  growth  and  development,  The  dor- 
mancy of  mature  cloves,  induced  by  tempera- 
tures of  25-30'C,  is  eliminated  most  quickly  at 
6-7°(\  Wgftative  growth  is  nptimal  at  18- 
20°C.  When  I  lea\x  s  liave  been  produced 

(when  the  last  leaves  are  present,  the  first  ones 
have  disappeared),  bulb  swelling  is  induced  at 

temperatures  above  20°^  if  the  day  Irnplh  (ex- 
ceeds a  threshold  of  12-15  hours,  depending  on 
the  cultivar,  and  provided  a  'low  temperature 
need'  following  dormancy  elimination  has  been 
satisfii'd  Rcciiuso  of  this  set  of  requirements 
garlic  production  in  the  tropics  is  more  difficult 
than  oaion  production.  Fortunately,  there  is 
considerable  physiological  variability  amongst 
gariic  cultivars.  Those  which  can  be  grown 
under  tropical  conditions  are  not  strcmgly  dor- 
mant, their  low  temperature  need'  is  not  ver>- 
pronniinifd  and  their  photoprriodic  fhreshol<l 
less  than  12  hours.  The  total  growing  period 
varies  from  4  months  (in  the  tropics,  or 
strongly  dnrrnant  cultivars  pl;int<  il  in  '^pi'nig  in 
temperate  countries)  to  about  i)  months  (for 
less  dormant  cultivars  planted  in  autumn  in 
northern  Mediterranean  areas). 
Under  optimal  conditions  of  Intitiido  and  eleva- 
tion, some  garlic  cultivars  (e.g.  those  from  Cen- 
tral Asia  or  l^ain)  regularly  produce  inflores- 

renros.  Only  some  rnllivars  from  Contrnl  Asia 
and  the  Caucasus  produce  well-developed  flow- 
ers and  seeds,  provided  the  bulblets  that  occur 
attii  iii,'  the  floral  buds  are  removed  at  an  early 
stage,  Recently  a  Me.vican  clone  w  ;is  discovered 
which  behaves  similarly.  Other  cultivars,  even 
if  th^  produce  inflorescences  under  normal 

conditions  have  flowers  which  remain  seed- 
less. Others  do  not  produce  mn<)res<  ences  im- 
der  normal  conditions,  but  only  if  planted  at 
higher  elevations  or  latitudes. 

Ecology  In  the  tropics  garlic  growing  is  pos- 
sible in  the  highlands  and  is  restricted  in  the 
lowlands  to  the  cool  season.  Garlic  prefers  a 
light  loamy  soil.  It  strongly  dislikes  soil  acidity 


and  requires  a  soil  pH  of  G-7  or  somewhat 
higher.  It  is  sensitive  to  aluminium  toxicity. 

Propagation  and  planting  Garlic  is  usu- 
ally propagated  by  iloves.  ver\'  rarely  by  bul- 
bils from  the  inflorescence.  In  most  areas  in 
Africa  at  latitudes  of  10-25'  garlic  is  planted  at 
the  end  of  the  rainy  season.  The  soil  should  be 
deeply  tilled  before  planting.  Since  bulbs  do  not 
grow  verj'  large  in  the  tropics,  especially  in  the 
lowlands,  plant  density  should  he  fairly  high: 
4n-f;n  plants/m-  or  «nO-12()0  kg/bn  jdnnting 
material  of  cloves  weighing  2  g.  The  cloves  are 
planted  upri^t  at  a  depth  of  5-7  cm.  It  is  good 
practice  to  mulch  the  snil  lightly  with  rice 
straw  immediately  after  planting. 

Management  Depending  on  soil  fertility  a 
heavy  fertilization  is  needed  containing  suffi- 
cient sulphur,  e.g.  IHO  kg/ha  of  N.  (35  kg  P  and 
125  kg  K  for  an  e.\pected  harvest  of  10  t/ha.  A 
suitable  fertilizing  scheme  is  a  basal  dressing 
of  200  kg/lia  of  triple  superphosphate  during 
soil  tillage,  and  a  mixture  of  80  kg  urea,  80  kg 
ammonium  sulphate  and  50  kg  potassium  chlo- 
ride per  ha  as  side  dressing  in  3  split  applica- 
tions at  l-'")  'M)  and  45  days  after  planting  Or- 
ganic matter  must  be  used  m  a  fully  decom- 
posed state,  or  should  be  applied  to  the  previ- 
ous crop.  Ciarlic  is  very  suscej)tible  to  soil  acid- 
ity and  alummium  lo.xicity,  conditions  which 
can  be  improved  by  application  of  finely  ground 
limestone  (2  I/ha  in  soils  with  pH  <(>)  in  i^e 
planting  turrow.  If  grown  during  the  dry  sea- 
son, garlic  has  to  be  irrigated  frequently  as  it  is 
shallow  rooted.  Furrow  irrigation  is  preferable. 
Overhead  irrigation  can  be  applied  during  the 
hot  hours  between  11  a.m.  and  3  p.m.,  when 
conditions  are  unfavourable  for  Altenutria 
porri.  Garlic  does  not  comp<  le  well  with  weeds 
and  should  be  weeded  thoroughly  especially 
when  yoimg. 

Diaeaaes  and  pests  The  most  important 
diseases  of  garlic  are  purple  leaf  blotch  (  \Itpr- 
uaria  porri)  and  pink  root  {Pyrenocliaela  ter- 
reatris).  Leaf  blotch  is  very  common  when  air 
humidity  is  high;  poor  calcium  nutrition  and 
aluminium  toxicity  increase  plant  suscx-ptibil- 
ity.  It  can  be  controlled  by  fungicide  sprays 
(e.g.  iprodione  or  dithane),  but  healthy  plant- 
ing material,  a  low  N  gift  and  a  wider  spacing 
may  also  reduce  the  damage.  Pink  root  is  a 
aoilbome  disease  often  observed  in  the  Sahel. 
It  is  kept  under  control  by  crop  rotations  with  5 
years  without  onion  and  garlic.  The  most  im- 
portant diseases  under  temperate  conditions, 
white  rot  {Selerotium  eepivorum),  stem  and 
butt)  nematodes  {DUylenehus  dipmei)  and  Pue- 
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ciiiia  msts,  are  less  problematic  m  the  tropics, 
their  temperature  optima  being  rather  low. 
However,  if  introduced  with  contaminated 

cIdvcs  white  rot  (nptinuim  tempei'iiturc  ]S°C) 
and,  still  more  often,  stem  and  bulb  nematodes 
(optimum  temperature  22*C)  can  appear  at 

nltitudes  aViove  1500  m. 

Ever>'  garUc  cultivar  harbours  one  and  more 
often  several  viruses,  the  most  noxious  of 
which  M  l  I  li(>  |f;irlic  strains  «)f  (he  polyvi ruses 
oniun  yell(j\v  chvarf  virus  (()YL)\')  rind  Icels  yel- 
low stripe  vims  (LYSV).  Their  elimination  by 
meristem  culture  allows  a  yield  increase  of  25- 
50%  depending  on  cultiviir  and  clone  White  tip 
leaf  necrosis,  often  erroneously  ascribed  to  Bo- 
trytis,  is  most  often  non-parasitic  and  linked 
with  drought  and  unfavourable  soil  conditions. 
Thrips  tubaci  is  the  most  widespread  pest,  in- 
ducing a  greyish  striated  discolouration.  Thrips 
can  be  controlled  by  insecticides,  but  spraying 

\\  ntcr  into  ihe  leaf-whorl.s,  and  even  overhead 
irrigation  can  limit  their  development.  Army 
worm  (Spodoptera  spp.)  and  other  caterpillars 
may  damage  garlic  leaves;  however,  chemical 
control  of  these  insects  may  enhance  damage 
by  thrips  because  iheir  natural  enemies  are 
also  killed.  Garlic  leaves  are  occasionally  dam- 
aged hy  the  omnivorous  grrissho])per  Znnno'ms 
variegalua.  During  storage,  the  bulbs  can  be 
invaded  by  the  diy  bulb  mite  {Acena  lulipoe, 
an  eriophyid  mite)  proliferating  between  the 
flesh  and  the  skm  of  the  clove.  Dusting  bulbs 
with  sulphur  can  control  this  pest. 

Harvesting  Harvesting  takes  place  when 
the  leaves  start  turning  yell<iw  and  lii'<:in  to  dr\' 
up.  Tills  18  lUO-lidO  days  alter  plantmg,  de- 
pending on  cultivar  and  growing  conditions;  in 
highlands  garlic  may  take  150  days  to  matur- 
ity. If  the  protective  bulb  coats  are  not  fully  dry 
at  harvest,  bulbs  are  dried  in  the  field.  To 
avoid  a  bluisii  discoloraticm  they  should  not  be 

dried  inider  direct  siin.«hine  and  are  therefore 
windrow-ed  with  the  leaves  covering  the  bulbs. 

Yield  Yields  are  below  5  t/ha  in  traditional 
garlic  growing  in  the  tropics.  By  using  better 
planting    material    and    proper  fertilization 
yields  of  8  l/ha  in  the  lowlands  and  10  t/ha  at 
higher  elevations  can  be  obtained. 

Handling  after  harshest  <  ^nrlir  is  [jarKagcd 
in  bunches,  braids  or  crates.  Deterioration  by 
q)routing  and  mould  invasion  (PeniciJlmm  and 
Aspergillus  spp.)  occurs  quickly  at  tempera- 
tures close  to  7°(\  In  temperate  countries  bulbs 
are  stored  at  -2°C  but  under  tropical  condi- 
tions storage  is  possible  in  well  ventilated 
rooms  at  temperatures  of  about  27'C.  Most 


cultivars  grown  in  tropical  Africa  behave  well 
under  those  conditions. 

Genetic  resoarces  Important  collections  of 
garlic  cultivars  are  maintained  at  i  laterslelien 
(Germany),  Olomouc  (Czech  Republic),  Ivago- 
shima  University  (Japan),  La  Consulta,  Men- 
doza  (Argentina).  Lembang  (Indonesia)  and  at 
A\TIDC  (Taiwan).  A  collection  of  West  African 
cultivars  is  maintained  in  Mali,  where  they  are 
evaluated.  Tropical  cultivars  are  difHcuIt  to 
preser\'e  in  lempernte  regions  maturing  too 
early  in  spring,  and  being  susceptible  to  seri- 
ous firost. 

Breeding  Selection  of  improved  cultivars 
from  seed  produced  by  Central  Asian  cultivars 
is  being  carried  out  by  several  institutes  (Ja- 
pan, United  States,  Europe,  Israel),  and  may 

give  interesting  results  for  temjjerate  countries 
(virus  resistance  and  cultivars  that  can  be  mul- 
tiplied by  seed).  The  recent  discovery  of  a  fer- 
tilc  M^■\•icnn  clone  might  extend  this  type  of 
research  to  tropical  countries  the  moment, 
the  easiest  way  for  breeding  imjiroved  cultivars 
fill  ih  ■  tropics  is  a  broad  clonal  sek-ction  in 
local  oi-  imported  populations,  followed  by  virus 
elimination  by  meristem  culture.  Such  regen- 
erated superior  clones'  may  exceed  the  yield  of 
original  heterogeneous  and  diseased  jiofuila- 
tions  h\  r)(l-10U%.  A  collection  of  subtropical 
and  tropical  regenerated  clones  is  maintained 
at  INRA,  Montfavet,  France.  One  of  them, 
'Ramses'  (of  Egyptian  origin)  is  multiplied  in 
France  under  controlled  conditions,  and  can  be 
grown  at  a  latitude  of  15*N  (e.g.  in  Senegal) 
during  the  drj'  season  proviili  d  nights  are  not 
warmer  than  IG^C  during  mitial  growth.  Mul- 
tiplication plots  need  to  be  isolated  (300  m) 
from  o(h(M'  garlic  fields,  with  a  crop  rotation  of 
more  than  5  years  without  any  Allium  species 
mid  should  be  mspected  for  virus-diseased 
plants.  Even  if  meristem  culture  is  not  possible 
in  local  laboratories,  the  prehininar}'  work  of 
clonal  selection  could  advantageously  be  done 
on  the  spot. 

Proq;»«ets  GarUc  is  of  increasing  importance 
as  a  (Ximmerc'ial  crop  liked  by  consumers  be- 
cause of  its  taste  and  phylo-therapeuiic  proper- 
ties. The  famen^  interest  in  the  crop  has 
grown  considerably  in  r<>cOTt  times  .\frican 
countries  strive  to  be  mdependent  fi-om  import. 
Imported  mother  bulbs  of  superior  regenerated 
clones  can  be  multiplied  two  or  three  times  in 
tropirnl  countries  to  reduce  the  costs  of  plant- 
ing material,  but  if  economically  feasible  it 
would  be  better  to  organize  their  controlled 
multiplicaticm  in  the  country  itself  preferably 
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by  cooperative  associations  of  growers.  An  al- 
ternative would  be  to  develop  improved  seed- 
grown  cultivars,  although  it  seems  that  several 
pioWoms  have  tn  he  ii\'erfonn'  (<\v.  Imihlel  ile- 
velopment  in  the  inflorescence,  slow  develop- 
ment of  plants  grown  from  seeds,  heterozygos- 
ity) In  addition  in  Africa  seed  would  have  to 
be  imported,  but  farmers  could  use  it  for  1  year 
and  produce  subsequent  crops  vegetatively, 
until  it  becomes  more  economical  to  buy  new 

seed. 

Major  references  Engeland,  R.L.,  1991; 
Etoh,  T.,  Kojima,  T.  &  Matsuzoi,  N.,  1992; 
Etoh,  T.  et  al,.  1988:  Haber-Mignard.  D..  1996: 
Lallemand,  J.  et  al.,  1997;  Maass,  H.  &  Klaas, 
M.,  1995;  Messtaoi,  C.-M.  et  al.,  1993;  Rabi- 
nowitch,  H.  &  Brewster  J,  I.,  1900:  Diah  Sulis- 
tiarini.  JuliMsri  Djamal  &  Iman  Raharjo.  1999: 
van  der  Meer,  t^.P.  &  Anggoru  II.  Permadi, 
1993. 

Other  references  Rurba,  J.T..  1995:  Hol- 
land, B.,  Unwin,  ID.  &  Buss,  D.H.,  1991;  Le 
Bon,  A.M.  &  Siess,  M.H.,  2000. 

SonroM  of  illustration  van  der  Meer,  Q.P. 

&  Anuuorn  II.  Permadi.  1993. 

Authors  C.-M.  Messiaen  &  A.  liuuamba 


ALTKKNANTHEHA  UTTOKALIS  P.Beauv. 

Protologue  11  I  )\vare2:  72  (1818). 

Family  \m.ii;inthncenp 

Synonyms  BuchoUia  inariUma  Mart. 
(1826),  AUemanthera  maritima  (Mart.)  A.St.- 
Hil.  (1833),  Tdaathera  maritima  (Mart.)  Mbq. 
(1849). 

Or^(i>i  and  geographic  dislrfbtitloin  Alter- 
nanthera  littoralia  is  recorded  in  Africa  along 
the  \f  lantic  oon.st  from  Senepal  to  Angola,  and 
from  Madagascar.  It  also  occurs  along  the  At- 
lantic coast  of  South  America. 

Uses  The  leaves  of  Allfriiaiilfit^ra  Utinrnlis 
are  collected  from  the  wild  and  eaten  as  a 
cooked  vegetable  by  various  ethnic  groups  in 
Atlantic  coastal  regions  in  Africa.  Because  eif 
its  long  stolons  the  plant  is  also  a  ust-fui  santl- 
bmder.  In  Cote  d  Ivoue  it  is  medicinally  used 
as  an  alterative  for  children  and  pulped  up  it  is 
np|i!i  il  ti  frictinns  to  treat  oedema. 

Properties  The  leaves  of  AUemanthera  lit- 
toralis  ctmtain  per  100  g:  water  78.5  g,  energj' 
230  kJ  (55  kcal),  protein  5,0  g.  fat  0,9  g,  carbo- 
hydrate 10.0  g,  fibre  2  2  g  ('a  1  12  mg,  P  35  mg 
(Leung,  VV.-T.W.,  Busson,  F.  &  Jardin,  C, 
1968). 

Botany  Creeping,  fleshy  herb  with  stolonif- 


crous,  angular,  glabi'csccnt  stems  up  to  10  m 
long  rooting  at  the  nodes.  Leaves  opposite, 
simple,  fleshy  pubescent;  petiole  c.  2  mm  long; 
lilade  iiblaiii-eiilate  to  oliuvjife  .3—5  cm  x  1.5—3 
cm,  base  attenuate,  apex  with  a  small  point, 
margin  entire.  Inflorescence  an  axillary,  ses- 
sile iivnid  head,  up  to  1.5  cm  X  1  cm,  usually 
solitary  or  in  pairs,  up  to  20-flowered.  Flowers 
bisexual,  regular,  S-merous,  white;  tepals  un- 
equal,  2  exte*mal  ones  concave,  (5.5  mm  long, 
pubescent  and  with  3  thick  veins,  internal  ones 
narrower,  1.5  mm  long,  glabrous,  with  only  1 
thick  vein;  stamens  3  mm  long,  united  in  lower 
third,  filaments  and  anthers  about  equal  in 
length,  staminodes  alternating  with  stamens, 
with  3—6  lobes  at  apex;  ovar>'  superior,  sub- 
globular,  1-oelled,  glabrous,  style  distinct,  with 
head-like,  papillose  stigma.  Fruit  an  indehis- 
cent,  ubovuid  capsule  with  thin  wall,  1-seeded. 
Seed  subglobose,  e.  1  mm  in  diameter,  glossy 
brown 

Alternanthera  comprises  about  200  species, 
distributed  pantropically  but  most  abundantly 
in  tropical  America.  In  tropical  Africa  about  6 

species  are  found. 

Mainly  based  on  the  degree  of  hairiness  of 
leaves  and  tepals,  4  varieties  of  AUemumthem 

littnnili'.'i  have  been  distinguished  :'  of  which 
occur  in  Africa.  However,  delimitations  are  not 
sharp. 

Ecology  Altfriiaiiflwra  littoralia  grows  in 
coastal  sands  down  to  the  high-water  mark  In 
Senegal  it  colonizes  the  tops  of  coastal  sand 
dunes  and  helps  to  bind  them  with  its  long 
stolons.  The  plant  is  a  proniaincedhalf^hyte;  it 
flowers  and  fruits  year-round. 

Genetle  reaooreea  and  breeding  Alter- 
nxuUhera  liiioralia  is  widespread  and  not  in 
danger  of  genetic  erosion- 
Prospects  Alternanthera  Utiuralis  will  re- 
main a  mincv  vi^^atable,  whidi  is  only  locally  of 
importance.  Its  ability  to  gnnv  on  sods  with  a 
high  salt  otmcentration  combined  with  its  sand- 
binding  properties  deserve  further  research. 

Major  references  Burkill.  H.M..  1985; 
Burkill.  II. M..  2000:  Leung,  W.-T.W.,  Busson, 
F.  &  Jardin,  C,  1968. 

Other  references  Bouquet,  A,  &  Ddl)ray, 
M  197!  Cavaco,  A..  1954a:  Cavaco,  A.  1974: 
Hauman,  L.,  1951a;  Kerharo,  J.  &  Bouquet,  A., 
1950;  Lemmens,  R.H.M.J.  &  Horsten.  S.P.A.J., 
1999  Pedersen  T  M.,  1990;  Raponda-Walker, 
A.  &  Sillans  R.,  1901. 
Authors  P.C.M.  Jansen 
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Alternantuerasessius  (L.)  DC. 

Protologue  Cat .  pi.  horti  monsp.:  77  (1813). 
Family  Ain;i i  niit hacf '{ie 
Chromosome  niuuber  2ii  =  31,  KG 
Vennacular  namea  Sessile  joyweed,  dwarf 

(  oppi'i  l<<af  (En).  Br^de  dievrette,  magloire  (Fr). 
Penquito-sessil  (Po). 

Origin  and  geographic  distribution  Alter' 
nan  I  hem  sf.tsill.H  [)os.sibly  originateR  from 
tropical  .Amcru  ji  but  is  now  widcspronri  in  the 
tropics  and  subtropics  of  the  world,  including 
the  whole  of  tropical  Africa. 

Uses  III  many  places  of  the  world,  the  leaves 
of  AllemaiUhera  aeaailia  are  eaten  as  a  cooked 
vegetable  or  raw  as  a  aalad.  In  trapieal  Africa 
its  use  as  a  vegetable  has  been  reported  from 
Guinea  (where  it  is  used  in  iilaee  of  rice  as  a 
staple  and  is  said  to  be  satiating),  Benin  (in 
sauces  and  soup),  Nigeria  (in  soup),  DR  Congo, 
Tanzania  and  Znmbin  (as  a  relish),  as  well  as 
from  Madagascar  and  Reunion  (as  a  potherb). 
In  Sri  Lanka  the  plant  is  tied  in  bundles  and 
sold  on  markets  for  use  in  salads.  It  is  also 
exported  to  Europe  for  clients  of  South-Indian 
origin. 

AlUmanthem  seaaUia  is  used  for  simple  stom- 
ach disni'dors  diarrhoea  dysentery  anrl  as  a 
plaster  for  diseased  or  wounded  skm  parts  and 
against  fever.  In  Ghana  a  decoction  with  some 
salt  is  taken  to  stop  vomiting  blood.  In  Niperia 
the  pounded  plant  is  used  npainsf  headache 
and  vertigo,  and  leaf  sap  is  sniffed  up  the  nose 
to  treat  neuralgia.  A  paste  is  used  to  draw  out 
spines  or  any  other  object  from  the  body  an<l  it 
is  also  used  to  cure  hernia.  In  Senegal  and  In- 
dia leafy  twigs,  ground  to  a  powder,  are  applied 
against  snakebites.  The  plant  is  also  used  in 
veterinaiy  medicine  in  Kenya.  Altcnianlhprn 
aesaiUs  is  used  in  local  medicine  in  Taiwan, 
often  in  mixtures  with  other  medicinal  plants, 
to  treat  hepatitis  tipht  chest,  bronchitis, 
asthma  and  other  lung  troubles,  to  stop  bleed- 
ing and  as  a  hair  tonic.  In  India  it  is  used  as  a 
cholagogue,  abort ifacient  and  febrifrlge,  in 
Thailand  and  Sn  Lanka  as  a  galactagogue. 

Properties  The  liesh  leaves  of  AUeriiaii' 
them  aesailis  contain  per  100  g:  water  80  g, 
enerp}-  2nl  k.T  (HO  kcal)  protein  4.7  g,  fat  0.8  p, 
carbohydrate  11.8  g,  fibre  2.1  g,  Ca  146  mg,  P 
45  mg  (Leung,  W.-T.W.,  Busson,  P.  &  Jardin, 

In  Allmiaiiflii'ra  sessilis  the  following  com- 
pounds have  been  demonstrated  to  be  present: 
the  triterpenes  o-spinasterol,  P-spinasterol, 
stigmasterol,  p-sitosterol,  oleanotic  add  and  its 


derivatives  and  saturated  (aliphatic)  esters. 
The  leaves  contain  dietnrj'  fibre  (about  1 2  \j,  ]>er 
100  g  dr>'  matter)  and  incorporation  of  about  75 
g  of  this  vcyetable  fibre  in  the  daily  diet  of  dia- 
betics significantly  reduced  the  postprandial 
blood  glucose  level. 

In  tests  in  India,  leaf  pastes  of  Alteniautlwni 
aeaaiUa  exhibited  inhibition  of  mutagenicity  m 
SalmoneUa  typhimunum  strains.  They  inhib- 
ited the  formation  of  the  potent  environmental 
cnrrinopen  nitrosodiethanolamine  from  its  pre- 
cursors such  as  triethanolamme.  The  aqueous 
alcohol  extract  of  the  entire  plant  exhibits  hy- 
pothermic and  histaminergic  activities  and 
relaxes  smooth  muscles.  An  ether  extract  of 
Altentanthera  aeaaUia  yielded  an  active  princi- 
ple having  anti-ulcerativeproporties. 

Botany  Perennial,  sometimes  .annual  herb 
up  to  1  m  tall,  erect,  ascending  or  creeping, 
often  widely  branched  with  robust  taproot; 

stem  striate,  terete  below  slightly  tetraponous 
above,  soUd,  sometimes  floating  in  water  and 
fistulose  in  lower  part,  stem  and  branches  with 
narrow  lines  of  whitish  hairs  and  branch  and 
leaf  axils  with  tufts  of  white  hairs.  Leaves  op 


Alternanthern  sr.tsilis    1,  plant  habit;  'J,  fJouer 
with  brad  and  bmcteolea;  3,  flower  u  ilh  tepals 
removed;  4,  fruit. 
Source:  PROSEA 
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posite,  simple,  petiole  up  to  5  mm  long;  blade 
linear-lanceolate,  oblong  to  ovate  or  obovate,  1- 
15  cm  X  0.2-3  cm,  glabrous  to  sparsely  pilose. 
Inflorescf-nfe  an  tixill.Mrv.  sessile,  sub^'lnlinse 
head  5  mm  m  diameter,  solitary'  or  m  clusters 
of  up  to  5.  Flowers  bisexual,  regular,  S-merous; 
tepals  free,  equal,  ovate  to  elliptical,  up  ti)  2,5 
mm  long,  white  to  pinkish,  1 -veined;  stamens 
united  at  base  into  a  very  short  cup,  2  without 
anther.s;  ovary  superior,  strongly  compressed, 
l-celled,  style  very  short.  Fruit  nn  obreniform 
corky,  indehiscent  capsule  c.  2  mm  long,  dark 
brown,  l-seeded.  Seed  discoid,  c.  1  mm  long, 
shiny  brown. 

AUemanthera  comprises  about  200  species, 
distributed  pantropically  but  most  abundantly 
in  tropical  America.  In  tropical  Afirica  about  6 

species  are  found. 

Alleriianthem  nodiflom  R.Br,  (.synonym;  Aller- 
nanthera  seaaiUs  (L.)  DC.  var.  nodiflom  (RBr.) 

Kunt7,o).  rlosely  rrlated  to  .Mtrrnaiithfra  .se.s- 
ailia,  originates  from  Australia,  but  is  also 
widespread  in  Africa.  Its  tepals  are  3-4  mm 
long  and  its  fruits  are  pale  brown  to  yellow.  Its 
ecological  requirements  are  similar  to  those  of 
Mleriianthera  aeasilia.  It  is  eaten  in  Tan>;ania 
as  a  vegetable  and  as  a  famine  food  in  Nigeria. 

It  is  <:in/ed  by  all  stock  Medicinally,  it  has 
more  or  less  the  same  uses  as  Aliernanihera 
aessiUa.  It  showed  moUusciddal  properties 
against  the  frediwater  snails  Bulinua  and 

Bioniphalan'o. 

Alternant  heixt  aessilia  flowers  and  truits 
throughout  the  year  with  most  vigorous  vege- 
tative growth  at  the  onset  nribt-  rainy  season 
and  the  most  vigorous  reproductive  growth  at 
the  end  of  it.  The  flowers  are  self-pcdlinated 
and  the  fruits  are  dispersed  by  wind  and  water. 

Ecology  Mferiiaiithpra  sp.tsifi.i  is  n  very 
common  plant  of  constant  or  periodically  hu- 
mid, open  localities  in  roadsides,  gardens, 

ditrhes  swnmps,  rirefiolds  and  tea  plantations 
on  many  types  of  soil,  at  up  to  1800  m  altitude. 
The  dark,  coiliy  fruits  often  float  in  great 
quantities  on  the  water.  In  fields  (e.g.  rice)  and 
along  watercourses.  Allcriiuiitlu'ra  st'sailis  can 
become  a  noxious  aquatic  or  terrestrial  weed.  It 
prefers  loamy,  alkaline  soil,  low  in  exdiange- 
able  rnlrium  and  rich  in  total  nitrogen. 

Management  AUemaiUhem  seasilis  is  col- 
lected from  the  wild  and  not  cultivated.  It  can 
easily  be  prop^ated  by  seed  and  by  rooted 
stem  parts.  The  average  number  of  seeds  per 
plant  is  about  2000. 

A  leaf-^t  disease  caused  by  Fiiaarium  peUU' 
doroseum  has  he&i  described  in  Nigeria.  It 


may  spread  to  crops  in  which  Altrritaiithera 
aessilia  occurs  as  a  weed,  e.g  okra  yams,  pota- 
toes, onions  and  carrots. 

Genetic  resources  and  breedinsf  Alli'r- 
nanlhem  aeaaUia  is  widespread  and  not  m  dan- 
ger of  genetic  eroBi<m. 

Prospects  Altcnutitthfifi  M'sailis  will  remain 
a  vegetable  of  mmor  importance.  The  medicinal 
properties  of  this  common,  always  available 
species,  deserve  more  seienlific  attention,  al- 
tbougb  in  many  lomtions  it  is  ronsideriMl  a 
noxious  weed  and  focus  is  on  its  eradication. 

Major  references  Burkill,  H.M.,  1985; 
Lemmens.  H.H.M.J.  &  Horsten.  S  F.A.J  .  1999: 
Leung,  W.-T.W.,  Busson,  F.  &  Jardin,  C,  1968; 
Townsend,  C.C.,  1985;  van  der  Zon,  A.P.M.  & 
tu-ubben.  i  l,-I.H..  1976. 

Other  references  Aruna  Knshnakumar  et 
al.,  1991;  BurkiU,  II.M.,  2000;  Datta,  S.C.  & 
Biswas,  K.K.,  1979;  Kerharo,  J.  &  Adam,  J.G., 

1974:  Sreedevi  &  Pbatiinedi    .\.    199;i;  Town- 
send,  C.C.,  1988;  Watt,  J.M.  &  Breyer-Brand- 
wijk,  M.G,,  1962. 
Sources  of  illustration  Lemmens,  R.H.M.J. 
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Amakanthus  uutum  L. 
Protologue  Sp.  pi.  2: 990  (1763). 

Family  .\marnnthnrene 

Chromosome  number  2n  -  31 

Synonjrms  Amartmthua  lividua  L.  (1753), 
Aiii<intnt}itif>  iifcnireiis  L.  (17(>.^). 

Vernacular  names  Amaranth,  wild  ama- 
ranth, pigweed  i)un)le  amaranth  (E!n).  Ama- 
rante  sauvage,  amaranle  blette  (Fr).  Ama- 
rnntn,  bredo  (Po).  .VIchii'ha  (Sw). 

Origin  and  geograpliic  distribution  Anta- 
nmthua  bUtum  is  a  cosmopolitan  weed,  spread 
over  the  world  from  the  Iropirs  to  temperate 
areas  such  as  Japan  and  Western  Europe,  in 
some  areas  reported  as  rather  noxious.  It 
probably  originates  from  the  Mediterranean 
region.  It  has  been  recfirded  fur  mans  .\fric;in 
countries,  and  probably  occurs  throughout 
tropical  Africa,  from  Senegal  to  Ethiopia,  South 
.Africa  and  the  Indian  Ocean  islands.  It  is 
mostl>'  a  protected  weed  in  backyards  and 
home  gardens,  and  sometimes  produced  for 
sale  at  the  maiket,  It  is  cultivated  in  Central 
.Afrirn  ffameroon)  and  East  Africa  (Kenya, 
L  ganda).  The  cultivated  type  probably  origi- 
nates from  India  where  it  still  is  an  important 
vegetable.  It  is  a  popular  home  garden  vegeta- 
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Amamiiliuis  bUUim  -  wild 

ble  in  south-eastern  EKirope,  e.g.  in  Greece 

whoro  it  i.s  u.*iocl  as  a  sii})stiliito  for  spinnrh 
{Spuutcia  oleracea  L.)  during  the  hot  dr>'  sum- 
mer months. 

Uses  The  main  use  of  Aiiutranthus  blitum  is 
as  a  cooked  letil'  vegetable  In  most  African 
countries  it  is  cullecled  as  a  put  herb  I'rum  the 
wild,  and  is  veiy  mudi  liked  for  its  soft  taste. 
Tx'avps  are  sometimes  preserved  by  drjintj 
Vegetable  amaranths  in  general  are  recom- 
mended as  a  good  food  with  mediemal  proper^ 
ties  for  young  children  lactating  mothers  and 
for  patients  with  fcvci-  haemorrhage,  anaemia 
or  kidney  complaints.  The  leaves  are  used  as  a 
febrifuge  and  poultice  to  treat  inflammations, 
boils  and  abscesses.  In  .Nigeria  Amaraittliit,s 
blilum  is  used  as  a  medicine  against  lung  dis- 
orders. Tt  is  used  as  fodder  but  only  as  a  rather 
model  aU'  part  of  the  dnily  portion. 

Production  and  international  trade  .\ma- 
ranthus  blitum  is  important  in  East  .Africa  as  a 
frequently  collected  wild  plant  and  a  popular 
vegetable  in  home  pnrdens.  The  eronomir  value 
as  a  market  vegetable  is  limited,  since  market 
growers  prefer  the  more  productive  Amanm- 
thus  cruentus  L.  and  Ainaraiilhus  clubius  MBTt. 
ex  Thell.  \o  mternational  trade  has  been  re- 
ported, but  probably  it  is  occasionally  imported 
as  a  vegetable  by  Western  countries  from  Tndia 

or  lvi:-l  \r'-ira, 

Properties  The  composition  of  Amaraiithus 
blitum  is  comparable  to  that  of  AoMavaUhua 
cnwnlus,  samples  of  the  fornix  analyzed  in 
India  showing  about  the  same  composition. 
The  moisture  content  and  composition  show 
large  variations  as  a  function  of  plant  age,  eco- 
logical conditions  and  cultural  practices  sudi 


as  fertilizing.  The  composition  of  Amaraiilhua 
leaves  per  100  g  edible  portion  (89%)  is:  water 
88.9  g.  energy  75  kJ  (18  kcal),  protein  3.5  g,  fat 
0..3  g.  carbohydrate  0,3  g  dietary  fibre  2  'i  Ta 
270  mg,  Mg  130  mg,  P  65  mg,  Fe  3.U  mg,  caro- 
tene 1725  |ig,  thiamin  0.07  mg,  riboflavin  0.22 
mg  niacin  0,7  inR  folate  85  ng.  ascorbic  acid  42 
mg  (Holland,  B..  Unwm,  I.D.  &  Buss,  D.H., 
1991).  The  drj'  matter  content  is  high  and 
ranges  from  i<-lill%  the  i)rolein  content  is  also 
high,  rnnuing  from  20  :!8%.  The  amino  acids  in 
the  leaf  protems  include  methionine  and  other 
sulphuTKxmtaining  amino  adds.  The  content  of 
essential  micronutrients.  especially  calcium, 
iron,  carotene,  folate  and  ascorbic  acid,  is  high 
compared  with  other  leaf  vegetables.  "Hie  cal- 
cium is  partly  insoluble  and  nut  taken  up  in 
the  digestive  tract  as  it  is  liound  to  oxalate. 
The  bioavadabdily  of  the  iron  is  6-12%.  The 
leaves  easily  become  soft  after  6-10  minutes 

rookint:  in  lipbfly  .called  water.  Some  types 
contain  much  anthoc>*ane,  a  brilliant  red  pig- 
ment that  dissolves  in  the  cooking  water, 
which  is  poured  off.  The  leaves  and  stems  con- 
tam  the  antinutrients  nitrate  (most  in  the 
stems)  and  oxalate  at  a  level  similar  to  other 
green  leaf  vegetables  such  as  spinadi  (Spuuxeu* 

olrracra  I..)  and  .spinach  beet  [Brla  tiilffnn'it 
L.).  Adverse  nutritional  effects  are  not  likely 
where  consumption  is  below  200  g  per  day. 
Moreover  cooking  in  ample  water  rcnnoves 
these  to\ir  components.  The  rather  high  con- 
tent of  hydrocyanic  acid  and  oxahc  acid  makes 
it  less  suitable  for  fresh  consumption  by  hu- 
mans and  is  a  limiting  factor  for  its  use  as  fod- 
der for  animals.  AinamiUhus  blitum  seed  con- 
tains linoleic  add. 

Adulterations  and  snbstitutes  In  his 
with  green  leafy  vegetables  or  pot  hei-lts,  Aiihi- 
ranihua  blilum  can  be  replaced  by  any  other 
vegetable  amaranth  {Amaranthus  crumtus  is 
the  most  important)  or  several  other  dark 
green  leafy  vegetables. 

Description  Annual  heib,  small  and 
stunted  to  rather  tall  and  erect,  up  to  100  cm 
tall:  stem  simple  or  branched,  glabrous  Leaves 
arranged  spirally,  simple  without  stipules; 
petiole  1—10  cm  long;  lamina  angular  ovate,  1- 
U)  rm  ^  0  .l-Ji  em,  .shortly  cunente  at  base, 
notched  at  apex,  entire,  glabrous,  green  or 
more  or  less  purple,  pinnately  veined.  Inflores- 
cence an  axillary  many-flow  >  I  luster,  form- 
ing a  false  spike  at  apex  of  plant,  with  male 
and  female  flowers  mtermixed;  bracts  up  to  1 
mm  long.  Flowers  unisexual,  subaessile,  with 
3(-4»)  tepalfl  up  to  1.6  mm  long;  male  flowers 
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Amaranihiis  hlitum  -  2,  flowering cutd  fiuUing 

branch;  2,  fruit;  3,  need. 

Redrawn  and  adapted  by  hkak  Syamsudin 

with  stamens  opposite  tt  pals:  fomalo  flowors 
with  superioi-,  1-celled  ovary  crowned  by  (2-)3 
stigmas.  Fruit  a  subglobular  to  broadly  ovoid- 
ellipsoid  capsule  r  2  inin  long,  indehiscent  or 
bursting  irregularly,  crowned  by  stigmas,  1- 
seeded.  Seed  lenticular,  up  to  1.6  mm  in  diame- 

for,  glossy  dark  hrown  In  black. 

Other  botanical  information  Tlir  prniis 
Aiiiaraitthujs  txjmprises  about  70  species,  m- 
chiding  at  least  17  species  with  edible  leaves. 
Many  Inrnl  typos  and  riiltivars  of  Atunraiiffiii.i 
bliluin  occur.  Cultivated  types  are  larger,  more 
erect  and  more  succulent  than  weedy  types. 
Mediterranean  cultivated  types  are  robust 
erect,  simple  or  little-branched  plants,  up  to  1 
m  tall,  with  large  leaves.  The  African  or  Asian 
(Indian)  cultivated  tjrpes  are  generally  mudi 
smaller,  up  to  .^0  cm,  stronply  branched  and 
erect  or  prostrate.  Some  cultivated  and  wild 
types  have  dark  red  infloresoenoes  and  a  large 
brown-red  spot  of  anthocyane  in  the  centre  of 
the  leaf  blade  hence  the  name  'purple  ama- 
ranth.  in  most  Airican  lloras  the  name  Aina- 
ranthua  lividua  is  used  instead  of  AmaraiUhua 
blitum.  The  names  Amarantkus  blitum  L.  and 


AmaixiiUhns  lividus  L.  hove  been  published 
simultaneously.  The  correct  name  depends  on 
the  author  who  first  combined  the  taxa,  acoept- 
inp  one  of  them,  -I  I)  Hooker  (1885)  seems  to  be 
the  first  to  unite  them  and  did  so  under  the 
name  ot  Anutranthua  blitum. 

Growth  and  development  Emergence  of 
the  seedling  takes  place  3-5  days  after  sowing. 
Vegetative  development  is  fast.  Like  maize  and 
sugar  cane,  the  penus  Ainaranlhus  is  charao 
terized  by  the  ('4-cj'<  le  i)hotosynthetic  pathway 
which  means  a  high  rate  of  photosynthesis  at 
high  temperature  and  radiation.  Flowering 
may  start  4-8  weeks  after  sowing  making  the 
plant  less  suitable  £ar  oonaumption.  Po  1 1  m .  1 1  ion 
is  effsebed  by  wind  but  the  abundam  lollen 
production,  especially  in  the  flowers  in  the  up- 
per part  of  the  plant,  causes  a  high  rate  of  self- 
pollination.  Insect  pollination  also  takes  place. 
The  first  seed  matures  after  2  months.  The 
plants  continue  growing  for  several  months 
before  dying. 

Ecology  Vegetable  amaranths  grow  well  at 
day  temperatures  above  2.'"r  ;uid  night  tem- 
peratures not  lower  than  I.j°C.  Shade  is  disad- 
vantageous except  m  cases  of  drought  stress. 
Amaranth  is  a  quantitative  short-day  plant, 

which  is  an  advantage  in  the  sid)trnpics  where 
the  generative  stage  is  retarded  during  sum- 
mer. Amaranths  like  fertile,  well-drained  soils 
with  a  liii  se  structure.  The  mineral  uptake  is 
very  high.  Ainnrnnfhiis  hiiliiiii  is  fairly  resis- 
tant to  adverse  climate  and  soil  conditions. 

Propagation  and  planting  The  seed  of 
Ajiiatrtitthits  blitum  is  larger  than  the  seed  of 
most  other  Ainarwithua  species  with  about 
1000  seeds/g.  In  the  wild  and  in  home  gardens 
the  seed  of  flowering  plants  scatters  and  giv<>s 
rise  to  new  plants  automatically.  In  the  dark, 
the  seed  may  remain  dormant  for  several 
years.  It  germinates  when  it  comes  at  fbe  sur- 
face or  in  the  upper  soil  layer  of  le.ss  than  .1  cm. 
For  market  production  Amaranthua  blitum  is 
normally  grown  as  a  sole  crop  on  beds.  It  is 
also  found  in  intercropping  systems  with  lood 
crops  ;m<l  in  home  gardens  The  common  prac- 
tice in  Uganda  and  in  Western  Kenya  is  to  sow 
directly,  broadcast  or  in  rows  16—20  cm  apart, 
with  a  seed  rat©  of  2— 5  g/m-  The  jibrnts  are 
uprooted  after  4-5  weeks.  Another  cultivation 
method  is  sowing  in  a  seedbed  (nursery)  3-10 
g/mS  and  tranq>lanting  after  2-3  weeks,  From 
fl  nurserj',  the  prower  gets  up  to  1000  plant  lets 
per  m-  for  transplanting.  A  plant  density  of 
100-200  plantaAn'  can  be  used  for  a  once-over 
harvest  whereas  25  plants/m^  are  appropriate 
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for  repeated  cuttings.  In  Kenya,  Aiiiaranthus 
blituin  is  sown  in  a  mixed  cropping  with  other 
indigenous  vegetables  like  Corchorus  olitorius 
L  .  in  rows  '^n  cm  .-ipart;  the  seed  is  mixed  with 
sand  tor  easier  sowing. 

Management  In  home  gardens,  the  only 
care  given  to  Amanmthua  blitum  plants  is  se- 
lective weeding.  Amcmmthus  bUtum  is  less  fast 
growing,  lees  susceptible  to  diseases  and  pests 
and  more  tolerant  to  drought  ihnn  the  most 
roinmonly  riiltivnted  nmnrnnth  Ainaraiithus 
cmeiUus.  Because  of  the  rather  strong  growth 
of  Amaranthus  blitum,  whidi  itself  displays  a 
weedy  character,  wcids  are  not  very  trouble- 
some, except  sometimes  nut  grass  {Cypema 
Tt^iiM/duB  L.).  If  rainfall  is  not  sufficient,  irriga- 
tion by  sprinkling  should  be  done  before  the 
plants  re;nh  (heir  wilting  point.  Watering 
every  day  with  G  ram  (6  1/m-)  is  sufficient.  Wa- 
ter shortage  causes  early  flowering,  which  re- 

diicfs  thf  yield  nnd  the  mni'k-ct  qiKiIity.  Ama- 
ranth is  a  vei:;>'  high  consumer  of  minerals. 
Only  modest  crops  can  be  produced  on  poor 
sill  Is.  Die  mineral  uptake  and  removal  calcu- 
lated for  an  Amaranthus  crop  yielding  25  t,/ha 
is  125  kg  N,  26  kg  P,  260  kg  Iv,  75  kg  Ca  and  4U 
kg  Mg.  Larger  quantities  of  N  and  K  are  easily 
absorlM  i]  ,i<  hixiiiy  uptake  if  these  elements 
are  abundant.  Amaranth  responds  to  high 
rates  of  organic  fertilizer.  On  poor  soils,  the 
application  of  400  kg/ha  of  NPK  10-10-20  in 
addition  to  '2^>  t  of  nrpnnir  manure  is  romm- 
mended.  A  split  application  is  recommended 
during  the  rainy  season.  Nitrate-N  is  better 
than  ammonuiin-N.  Amaranth  dues  not  seem 
to  need  to  be  rotated  with  other  crops  smce  no 
serious  soilbome  disease  has  been  observed. 

Diseases  and  pests  Stenirot  caused  by  the 
fundus  Chnanephnrn  nicurhitnnim  is  the  main 
disease.  It  is  favoured  by  wet  conditions,  poor 
soil  fertiUty  and  high  nitrogen  doses.  Chemical 
control  by  repented  spraying  with  funpieides 
such  as  manel)  or  earbatene  reduces  the  losses, 
but  is  seldom  applied.  Damping-ofT  caused  by 
Pylhium  and  Rhizoctoiu'a  may  be  serious  in 
seedbeds.  It  is  controlled  by  good  drainage 
Over-dense  sowing  should  be  avoided.  I'ungi- 
ddes  such  as  dithiocaibamates  have  some  ef- 
fect. No  dam.i'^jc  by  viinas  diseases  has  been 
reported.  AmaraiUhua  blituin  is  a  natural  host 
for  turnip  mosaic  virus  and  tobacco  leaf  curl 
virus. 

Insects  are  a  serious  problem  tor  amaranth 
growers.  Caterpillars  {Hymenia  recuivalis, 
Spodoptera  Utura,  Hdicoverpa  armigera)  and 
stnnetimeB  grasshoppers  are  the  most  harmfiil. 


The  larvae  of  the  stem  borer  Li.xiis  tniiicatubia 
may  cause  much  damage,  sometimes  alreadj'  in 
the  seedbed.  The  basal  pait  of  the  plant  con- 
taining the  pupae  swells  and  the  jilant  growth 
is  much  retarded.  Many  other  insects  such  as 
aphids,  leafininers,  stinkbugs,  mole  cridcets 
and  mites  also  attack  amaranth  but  generally 
cause  only  minor  damage,  Commercial  growers 
spray  insecticides  to  dispel  insects  insAead  of 
the  traditional  control  method  of  spreading 
wood  ash. 

Amaranth  is  not  verj'  susceptible  to  nematode 
damage. 

Harvesting  Commercial  tjiowi  i  s  har\  est  by 
uprooting  or  by  cuttmg  at  ground  level.  If  the 
crop  was  sown  directly,  the  anee-avex  harvest 
by  iiinooting  or  by  cutting  at  ground  level  may 
be  done  3-1  Weeks  after  sowing.  Some  growers 
obtain  a  second  harvest  3  weeks  later  from  the 
regrowth  of  the  smallest  plants.  When  harvest 

is  by  repeated  cutting  the  first  ciittintr  takes 
place  about  3  weeks  after  transplanting,  and 
then  every  2—3  weeks  for  a  period  of  one  or  two 
months.  Cutting  should  be  done  at  a  height 
that  leaves  at  least  2  leaves  and  buds  for  re- 
growth.  The  height  of  the  first  cutting  is  nor- 
mally 10-16  cm. 

Yield  .\n  uprtwted  crop  of  Ainaratithti.s  bit- 
tuin  may  yield  1.0  kg/m^  at  4  weeks  after  sow- 
ing. A  yield  of  1.6  kg/m^  may  be  obtained  from 
2-3  cuttings  in  2  months  fi-om  transplanting 
date.  In  an  experiment  in  India  20  \lhn  of  foli- 
age was  obtamed  36  days  after  planting.  The 
yield  of  Amanmthua  blitum  is  definitely  lower 
than  that  of  Amaraiitiiua  erumtua  or  Amaran,- 
thus  dubius. 

Handling  after  harvest  Harvested  plants 
or  shoots  are  bundled,  the  roots  are  washed, 
and  the  produce  is  pnckod  for  transport  to  the 
market,  in  markets  and  shops,  it  is  sprmlvled 
with  water  to  keep  a  firesh  appearance.  If  up- 
rooted, the  vcfjolablr  can  be  kept  fresh  for  some 
days  by  putting  it  m  a  basm  with  the  roots  m 
the  water.  It  is  sold  in  bundles  or  by  weight. 
Some  people  dry  the  leaves  for  use  during  the 
dry  Sf'a'ion 

Genetic  resources  Aiininmlhus  blituin  is 
present  in  Indian  collections  at  the  National 

Bureau  of  Plant  Genetic  Resnurcfs  (XT'T'  '-R* 
New  Delhi  (India).  Some  research  mstitutes  in 
EJast  and  southern  A&ica  have  small  working 
collect  i<ins  of  local  cultivars,  e.g.  Kawanda  Ag- 
rirullural  Kr  search  Institute  Uganda.  Hvalua- 
tion  and  variability  studies  ai-e  needed  to  re- 
veal the  amount  of  e:q>loitable  genetic  varia- 
ti<m. 
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Breeding  Breeding  of  Ainaroullius  blituin 
as  a  leafy  vegetable  has  not  been  reported. 

Prospects  Although  perhaps  best  known  as 
a  weed.  Aiiinniitlhus  bliluin  is  rcc-ognized  as  an 
easy-to-grow,  productive,  tasty  and  nutritious 
vegetable.  Researdi  should  focus  on  optimiza- 
tion of  cultural  practices  (integrated  pest  man- 
agement to  avoid  pesticide  residues,  plant  nu- 
trition) and  on  breeding  for  a  better  plant  habit 
and  a  higher  yield. 
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O.O.,  1988;  Burkill,  H.M,  1985;  (Jrubben, 
6.J.H..  1975;  Grubben,  G.J.H.  &  van  Sloten, 
D.H.,  1981:  Grubben  r,  J  H,.  1993a:  Keskar. 
B.G.  et  al..  1981;  Maundu,  P.M.,  Ngugi,  G.W.  & 
Kabuye,  C.H.S.,  1999;  Schippers,  R.R.,  2000; 
Stevels,  J.M.C..  1990:  Townsend.  r.C.  1985. 

Other  references  IIolhuuL  B  .  I'liwiii  I  I  V 
&  Buss,  D.H..  1991;  Leung,  W.-T.W.,  Busswjn, 
F.  &  Jardin,  C,  1968;  Pal,  M.  &  Khoshoo,  T.N., 
197.S:  Sena,  J.P.,  Kauffinan,  C.S.  &  Bail^, 
N.N.,  1981. 

Sources  of  illvstration  Stevels^  J.M.C., 

1990. 

Authors  G.J.H.  Grubben 


AMARANTHUS  CRUENTUS  L. 

Protologue  Syst.  nat  ed.  10.  2: 1269  (1759). 
Family  Amaranthaceae 

ChromoaoTne  iiximher  2;/  =  .12  3  \ 
Synonyms    Ainaranllius    paiiiculatus  L. 
(1763),  Amaranthus  semguinma  L.  (1763,  pro 

parte).  Ainannithiis  hybriihis  L  subsp  cnifii- 
ttis  (L.)  Thell.  var.  pauivulalus  (L.)  Theil. 
(1912). 

Vernacular    names    Amaranth,  African 

spinach  Indian  .spinnrh  (Rn)  .\marante  bredo 
de  Malabar  (Fr).  Amaranto,  bredo  (Po).  Mchi- 
cfaa  (Sw). 

Origin  and  geographic  distribution  As  rnr- 
ly  as  60UO  years  ago  Amaraiilhus  cruentua  was 
domesticated  as  a  pseudo-cereal  (grain  ama- 
ranth) in  Central  .Vmcrica  from  the  weed  Aiiia- 
rdiifhns  hybiidiis  L.  ICscaped  plants  from  culti- 
vation also  occur  in  the  wild.  The  vegetable 
fonn  of  AmartMtUhus  eruentus  was  probably 

introdurrd  in  the  tropics  .nnd  subtropics  of  the 
Old  World  dui'ing  colonial  times.  At  present 
Amaranthua  cmentua  is  a  widespread  tradi- 
tional vegetable  in  all  countries  of  tropical  Af- 
rica. It  i.s  the  main  leafy  vegetable  in  Benin, 
Togo  and  Sierra  Leone,  and  verj'  important  in 
many  lowland  areas  e.g.  in  southern  Nigeria, 
DR  Congo,  K^ya  and  Tanzania.  It  is  more 
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AmanaiUma  emaitua  -  wild  caid  plaiUed 
popular  in  humid  lowland  than  in  highland  or 

nrid  area.';.  Tt  is  also  an  important  vegetable  in 
many  tropical  areas  outside  Africa  e.g.  in  In- 
dia, Bangladesh,  Sri  Lanka  and  the  Caribbean. 
The  Bangladesh  tj'pe  has  big  fleshy  stems, 
which  are  oinsumed  with  the  leaves.  Ainaran- 
Utua  cruenlus  is  grown  as  leaf  vegetable 
throughout  South-East  Asia,  although  to  a 

lesser  extent  than  AiiKinin  thii s  Iricolnr  T,.  In 
Indonesia  it  is  grown  m  muunlain  areas,  where 
the  climate  is  too  cold  for  the  more  common 
Amaraaihu9  tricolor.  C.rn\n  amaranth,  a  culti- 
var-group  Aiiinraiilhu.s  eruentus  with  yellow- 
ish white  or  pale  bi-own  seed,  is  traditionally 
grown  as  a  cereal  crop  in  Latin  America  (e.g. 
Mexico  Huatemala  Ecuador.  C<dombia)  Since 
colonial  times,  it  has  been  succeaafiiUy  intro- 
duced as  a  pseudo-cereal  in  India  and  Nepal,  in 
mountain  areas  as  well  as  at  lower  elevation, 
and  it  has  beenme  well  estnhlished  as  a  popular 
food  plant.  Thinnuigs  of  young  seedlings  of  the 
grain  crop  are  frequently  used  as  a  vegetable. 
Hrain  nm.nr-nnth  is  produced  rommerei.-illy  in 
hot  and  dr>'  areas  of  the  L'nited  States,  Ai'geu- 
tina  and  China.  Apart  from  some  tiy-outs  in 
Zimbabwe,  Kenya.  I'ganda  and  Ethiopia,  grain 
amaranth  is  not  cultiv  ateil  in  Afric.-i.  r>rnjimon- 
lal  types  ol  Amaranthus  eruentus  characterized 
by  big  bright-red  infloresooices  can  be  fre- 
quently found  in  tropical  and  subtropical  coun- 
tries, 

Uaes  The  main  use  of  Amaranthua  eruentua 
is  as  a  leaf  vegetable  (vegetable  amaranth) 

prepared  by  rooking  and  consumed  as  a  vege- 
table dish  or  as  an  ingredient  in  sauces.  The 
leaves  and  tender  stems  are  cut  and  cooked  or 
sometimes  fried  in  oil,  and  mixed  with  e.g. 
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meat,  fish,  cucurbit  seeds,  gixiundnut  and  palm 
oil.  Dishes  with  amaranth  are  eaten  with  the 
main  dish  of  n  n  ;ilH  or  tubers.  Traditionally  in 
arid  regions,  the  k-aves  are  (Ined  and  the  leaf 
powder  is  used  in  sauces  durmg  the  dry  season. 
Experimental  work  in  India  and  the  United 
States  has  shown  that  Aiinnaiitfms  cntenius  is 
suitable  for  the  processing  of  leaf  protein  con- 
centrates, but  as  far  as  is  known  there  is  no 
practical  application.  In  colonial  times,  ama- 
ranth was  often  roromnnMidcd  to  Kurnpeans  as 
the  best  substitute  for  spmach  (Spiiiacia  ol- 
eraeea  L.).  In  South  Africa  Amaranthua  erum- 
tU3  is  grown  commercially  for  canning  and  sold 
in  supomarkets. 

Ixk  Nigeria  and  S^baibwe,  the  introduction  of 

whitish-seeded  Amaran</uM  eruentua  cultivars 
from  America  as  grain  amaranth  for  the  im- 
provement of  the  diet  has  nut  been  successful. 
Some  people,  e.g.  in  the  savanna  zone  of  north- 

crn  Xigoria  h.ne  started  to  grow  the  newly 
introduced  seed  forms  for  the  leaves. 
Forms  with  large  bright  red  inflorescences  are 
widely  grown  as  ornamentals.  A  red  dye  can  be 
obtained  from  the  infloreseenees.  Ainannilhus 
cruenlus  is  sometimes  used  as  fodder,  but  only 
as  a  moderate  part  of  the  daily  portion  since 

this  use  is  limiled  by  the  high  ralriiim  oxalate 
content  In  Benm  the  dried  plants  are  burned 
for  the  preparation  of  potasAi.  Medicinal  uses 
are  manifold.  Vegetable  amaranths  are  rec- 
ommondod  as  a  pood  food  with  medicinal  prop- 
erties for  young  children,  lactating  mothers 
and  for  patients  with  constipation,  fever, 
hai'iii'Trhage.  anaemia  or  kidney  complaints 
Amaranth  is  rather  diuretic.  In  Senegal  the 
roots  are  boiled  with  honey  as  a  laxative  for 
infants.  In  Ghana  the  water  of  macerated 
plants  is  used  as  a  wash  to  treat  pains  in  the 
limbs,  in  Ethiopia  Amaranthua  cmentua  is 
used  as  a  tapeworm-expellent.  In  Sudan  the 
ash  from  the  stems  is  used  as  a  wound  dress- 
ing. In  Gabon  heated  leaves  were  used  on  tu- 
mours. 

FirodnotiDn  and  int^'rnataonal  trade  The 

economic  vidiie  of  Anmixinlliiis  citiviitiis  as  a 
popular  market  vegetable  ranks  high.  From 
market  surv^rs  it  appears  as  one  of  the  main 

African  leafy  vegetables,  possibly  the  number 
one  in  quantity  and  area.  No  statistical  data 
are  available,  since  in  most  cases  all  leaf  vege- 
tables are  recorded  as  one  single  grofup.  In  na- 
tional or  FAO  statistics  they  are  not  recorded 
at  all.  Correct  registration  is  hampered  by  the 
short  growing  period  (3-6  wedcs),  scattered 
occurrence  of  amaU  plots  of  cultivation,  and  the 


dispersed  sales  in  small  street  markets.  In  the 
big  cities  in  Benin  the  average  quantity  of 
fresh  leafy  vegetables  bought  daily  at  the  mar- 
kets was  12  g/hea<IAlay.  :!1%  of  which  was 
Ainaixnitlius  cntentua.  There  is  some  unregis- 
tered export  of  amaranth  from  African  coun- 
tries, as  well  as  from  Latin  America  (Carib- 
bean, Suriname)  to  Western  Europe. 

Properties  Amaranth  leaves  have  a  high 
content  of  essential  micronutrients.  The  dzy 
matter  rotitent  is  high  (9—22%).  The  average 
composition  of  AmaraiUlma  (probably  mamly 
AnutranthuB  erumtus)  per  100  g  edible  portion 
is  (averages  of  about  40  samples):  water  84.0  g 
(78.4-81.3),  energy  176  kJ  (42  haaX),  protein  4.6 
g  (3.2-6.0),  fat  0.2  g  (trace-0.6),  caibohydrate 
8.3  g,  fibre  1.8  g  (0.4-6.4),  Ca  410  mg  (69-8.3.3), 
P  10:!  ing  (.^)  l-2.30)  Fe  8.9  mg  (0.6-10.2).  [1- 
carotene  5716  pg,  thiamin  U.Uo  mg  (0.05-O.U6), 
riboflavin  0.42  mg  (0.36-0.44),  niacin  1.2  mg, 
ascorbic  acid  64  mg  (.52-200)  (Leung  \V  -T.W., 
Busson,  F.  &  Jardin,  C,  1968).  Other  analyses 
indicate  that  amaranth  leaves  contain  85  pg 
folate  and  1 725  |ig  carotene  pet  100  g  edible 
portion.  The  large  variation  in  moisture  con- 
tent and  composition  is  caused  more  by  varia- 
tions in  plant  age  and  ecological  and  cultural 
condit  ions  than  by  .species  or  cultivar.  <  Vini- 
pared  to  other  leafy  vegetables,  amaranth  is 
remarkably  rich  in  vitamin  A,  vitamin  C,  iron, 
calcium  and  folate.  However,  the  absoiplion  of 
P-(  iri'tene  and  iron  by  the  human  Itody  may  be 
rather  low,  depending  on  the  quality  of  the 
fresh  product  (age,  fertilizer  use),  the  prepara- 
tion  method  the  comlunat nm  with  other  foods 
and  the  physical  condition  of  the  consumer. 
The  protein  has  a  high  content  of  sulphur- 
containing  amino  acids  (methionine,  lysine, 
cysteine),  which  makes  it  n  good  combination 
with  cereals.  The  leaves  easily  become  soft 
after  5-10  minutes  cooking  in  lightly  salted 

w,)(<  r  It  is  not  common  to  add  potash.  The 
leaves  and  stems  contain  nitrate,  mostlj'  in  the 
stems,  and  also  oxalate  at  a  level  similar  to 
that  of  8e\'eral  olhst  green  leaf  vegetables  such 
as  spinach  {S/jinnein  oloraeoa  L.)  and  spinach 
beet  (Be/u  vulgaris  L.).  Xo  adverse  nutritional 
effects  occur  with  a  consumption  of  100-200  g 

per  day.  Moreover  most  people  cook  amaranth 
in  ample  water  and  discard  the  cooking  water 
containing  soluble  nitrate  and  oxalate.  A  dis- 
advantage  of  the  removal  of  the  oooking  water 
is  that  water-soluble  compounds  especially 
niacin,  riboflavin  and  thiamin  are  partly  lost. 
The  presence  of  a  rather  high  cont^it  of  I^dro- 
cyanic  add  and  oxalic  add  makes  it  less  suit- 
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able  for  fresh  consumption  hy  humans  and  as 
fodder.  Their  content  varies  pn  atly  with  the 
cultivar,  soil  fertility,  fertilizer  do-  ii."  w.iti  r 
supply,  and  a^e  at  harvest.  The  hi^'her  tlic  soil 
fertility  (N,  P,  K,  Ca,  etc.),  the  better  the  yield 
and  the  nutritional  composition  (especially 
iron,  p-carotetif  and  ascorVnr  ;icu\)  llovvever. 
excessive  N  fertilizing  may  result  in  an  unac- 
oeptably  high  nitrate  level. 

The  composition  of  gram  amaranth  per  100  g 
diy  mnttor  (87  7%  of  tho  odiblo  portion)  is:  nn- 
erg>'  2006  kJ  (179  kcal),  protein  H.7  g,  fat  8.2 
g,  caibohydrate  74.2  g,  fibre  7.6  g,  Ca  282  mg, 
Fe  3.8  mg,  thiamin  0.16  mg.  riboflavin  0.36  mg, 
niadn  1.1  mg,  ascorbic  acid  0  mg  (Leung,  W.- 
T.W.,  Butrum,  R.R.  &  Chang,  P.H..  1972).  In 
Westt'in  countries  amai.nith  seed  is  recom- 
mended as  a  health  lood.  The  protein  quaUty  is 
excellent  because  of  the  high  lysine  content 
(3.2-18%).  Tlie  oil  has  antioxidant  properties. 

The  starrh  ronsisls  mainly  nf  amylopertin.  The 
very  small  starch  granules  malie  grain  ama- 
ranth  an  attractive  raw  material  for  industrial 
uses.  The  significant  amount  of  squalene  (4- 
11%  of  the  oil  portiun)  means  that  grain  ama- 
ranth may  find  a  market  niche  for  industrial 
production  of  products  such  as  lubricants  in 
the  romputer  infliistn,'  and  in  fDsmolits  and 
health  foods.  The  red  types  contain  the  red 
colour  amaranthin  (a-cyanin). 

Adulterations  and  substitutes  In  many 
dishes  whoro  .  [niaraiithiis  mien  fits  is  u.^ed  as  a 
green  leafy  vegetable  or  pot  herb,  other  ama- 
ranth species  or  other  daric  green  leaf  vegeta- 
bles can  be  used  as  a  sulistitute. 

Description  Annual  herb,  erect  or  less  com- 
monly ascending,  up  to  2  m  tall,  often  reddish 
tinted  throughout;  stems  stout,  branched,  an- 
pular,  elahroiis  or  thinly  to  modrratrly  fur- 
nished with  multicellular  hairs.  Leaves  ar- 
ranged q>irally,  simple,  witiiout  stipules,  long- 
pefinlnte;  lamina  broadly  lanrrnlato  to  rhom- 
bic-ovate, 2—18  cm  X  2-15  cm,  attenuate  or 
shortly  cuneate  at  base,  obtuse  to  subacute  at 
apex,  mucronate  entire  ^'labruus  to  qpaisely 
pilose  pinnately  seined.  Inflorescence  large 
and  complex,  consisting  of  numerous  agglom- 
erated cymes  arranged  in  axillary  and  terminal 
raromos  and  sjiiKi  s  tho  trrminnl  one  up  to  4.'> 
cm  long,  usually'  with  many  lateral,  perpen- 
dicular, thin  brandies;  bracts  2-3  mm  long, 
with  a  long  awn.  Flowers  unisexual.  Bubsessile. 
with  r>  topals  1-2  mm  long:  male  flowers  with  .5 
stamens  c.  1  mm  long;  female  flowers  with  su- 
perior, 1-oelled  ovary  crowned  by  3  stigmas. 
Fruit  an  obovoid  to  ihombic  capsule  2-2.6  mm 


^nanmihua  ementus  -  1,  part  of  branch  with 

axiilnry  shonls;  2,  hnf;  inPnrc.irciirc;  4,  cyme; 
5,  male  flower  (one  iepal  removed);  6,  fruil;  7, 
teed. 

Source:  PROSEA 

long,  circumscissile,  almost  smooth,  with  a 
short  beak,  1-seeded.  8eed  obovoid  to  ellipsoid, 

compressed,  o.  1  mm  long,  whitish  to  yellowish 
or  blackish.  Seedling  with  epigeai  germmatiun; 
hypcH'otyl  10-12  mm  long;  cotyledons  c.  1.6  cm 
long  fleshy,  pet  iolate. 

Other  botanical  information  ADiarrnithiis 
comprises  about  70  species,  of  which  about  10 
are  native  to  the  Americas.  It  includes  at  least 
17  .species  w  ith  edible  le.nes  and  3  grain  ama- 
ranths. Amarauthus  cmentua  belongs  to  both 
categories. 

Amaraitlhus  cnientua  is  part  of  the  so-called 
Am atxtn lints  hybriilus  aggregate,  a  group  of 
species  in  which  laxonoraic  problems  are  far 
from  clarified,  especially  because  of  apparently 
common  hybridi/at ion  and  nomonrlatural  dis- 
order caused  by  names  being  commonly'  misap- 
plied. Some  recognized  species  of  this  aggre- 
gate are  cultivated  taxa,  Amaranthua  ementua 
is  one  of  those,  as  are  the  other  grain  ama- 
ranths, Amaranthua  caudalus  L.  and  Amaran- 
thua hypochondiieuua  L.  In  fact,  a  classifica- 
tion in  cultivar-groups  mi|^t  be  more  appro- 
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piiatc  for  these  cultivated  taxa. 
Amaranlhus  cruentus  seems  also  closely  re- 
lated to  Atnarcmthus  hybridus,  a  weed  that  is 
the  putntive  |irogenitiir  of  Ainnidiithiis  cruen- 
tus. 'I'ransitional  forms  between  these  1  species 
can  be  found.  AmanmthuB  cruentus  sometimes 
escapes  fmm  cultivation  in  ruderal  localitic-: 
Tiiere  are  manj'  local  cultivars  of  AinaiaiiUius 
ementtis  propagated  and  sold  as  commercial 

seed.  These  cullivars  are  <iisi  intjuished  by 
]i1.int  hnhit  lc;ii'  form  and  colour  leaf/stem 
ratio,  giowmg  vigour,  resistance  to  fungal  dis- 
eases, susceptibility  to  insect  attack,  drought 
resistance,  photosensitivity,  succulence  and 
taste.  In  some  places  in  East  and  southern 
Africa,  yellow-seeded  grain  types  introduced 
from  America  him  uhmmI  and  sumetimes  hy- 
bridized with  blacJv-seeded  \  ct;etable  types. 

Growth  and  development  In  cuul  or  dark 
conditions  seed  remains  dormant.  Light  and 
high  lompornturos  break  the  dormancy.  In 
moist  soil  above  15*C  emergence  takes  place 
within  3-6  days  after  sowing,  Vegetative  de- 
velopment is  fast.  Like  maize  and  sugar  cane, 
the  genus  Aiiianiiilliiis  is  characterized  hy  the 
C4-cycle  photosynthetic  pathway,  giving  it  a 
high  rate  of  photosjmthesis  and  excellent  water 

use  ('rrici(<ncy  at  high  tempr-r;)! ores  Mn<l  ratha- 
lion  intensity.  Yet,  because  of  rapid  growth,  the 
water  consumptioa  is  high.  A  crop  with  a 
closed  leaf  canopy  uses  about  (5  mm/day. 
Depending  on  cultivar,  day  length  and  cullur.il 
practices,  flowering  maj'  start  1-8  weeks  after 
sowing,  making  the  plant  less  suitable  for  con- 
<uiiipt iDii  There  are  at  least  four  times  as 
many  female  flowers  as  male  flowers.  Pollina- 
tion is  effected  by  wind,  but  the  abundant  pol- 
len protluclion  cau.ses  a  high  rate  of  self- 
pollination.  Some  pollinnfion  is  also  effected  by 
insects  (bees,  flies)  and  up  to  10%  outcrossing 
may  occur.  Seeds  mature  after  d-6  months  and 

then  tbi  iil:int  dies. 

Ecology  V  egetable  amaranths  grow  well  at 
day  temperatures  above  25*C  and  night  tem- 
peratures not  lower  than  IS^C  but  Amaran- 
tlitts  cnit'iiliis  is  grown  up  to  L'DDO  ni  altitude  in 
Indonesia.  Shade  is  disadvantageous  except  in 
cases  of  drought  stress.  Amaranth  is  a  quanti- 
tative .«ihort-dny  plant,  which  is  an  advantage 
in  the  subtropics  where  the  generative  stage  is 
retarded  during  summer.  Amaranths  like  fer- 
tile, well-drained  soila  with  a  litosc  structure. 
The  mineral  uptake  is  very  high,  .\llhough 
Amarantlius  cmenlus  is  fairly  tolerant  of  ad- 
verse climate  and  soil  conditions,  escapes  grow- 
ing as  a  weed  tend  to  disappear  because  they 


cannot  compete  with  true  weeds  like  Amarm^' 
thus  spmosus  L.  or  Amaranlhus  hybridus. 
Propagation  and  planting  Vegetable  ama- 

rnnth  is  usually  grown  commercially  as  a  sole 
crop  on  beds.  It  is  also  found  m  mtercropping 
systems  with  food  crops  and  in  home  gardens. 
There  are  2500-3.500  seeds/g,  The  cnmmon 
cultivation  practice  is  sowing  in  a  nursery  at  a 
seed  rate  of  3-10  g/m^  and  transplanting  after 
2-;i  weeks.  In  (his  way  the  grower  gels  1000— 
1.500  plant  lets  per  m-  for  transplanting.  .\ 
plant  density  of  up  to  180  plants/m-  is  often 
practised  for  harvesting  by  uprooting  or  once- 
over cutting  and  gives  the  liiuh<'st  yield,  1  ligher 
densities  result  in  seli-thmning  without  yield 
increase.  Field  experiments  in  several  coun- 
tries have  shown  the  advantage  of  a  wider 
spacing,  with  about  100  plants/m-  (ln'  yield 
being  only  slightly  lower  but  the  labour  re- 
quirement for  transplanting  mudi  lower.  Dur- 
ing the  rainy  season  verj-  dense  planting  is 
appUed  as  a  buffer  to  compensate  for  heavy 
plant  losses  caused  by  Choanephora  stem  rot. 
For  repeated  cuttings  a  density  of  about  20 
plants/m-  i^^  .'ippropriate  It  is  ;dso  possible  to 
sow  directly,  either  broadcast  or  in  rows  wilh 
at  least  20  cm  between  the  rows,  with  a  seed 
rate  of  2—5  g/m-.  Direct  sowing  is  (he  common 
practice  m  Nigeria,  Uganda  and  in  western 
Kenya.  The  plants  are  uprooted  after  3-6 
weeks.  The  main  advantage  is  the  lower  labour 
costs;  however  this  method  requires  more 
seed,  weed  compel  it  ion  is  more  severe  and  the 
yield  mudi  lower.  At  harvest,  some  vigorous 
jil.iiils  riri'  li'ft  for  seed  production.  For  com- 
mercial seed  production,  a  distance  of  200  m 
from  other  Amaranthtta  cmmttta  fields  is  rec- 
ommended .-11  1  1  \\i  l  ily  Aiiuiiiiii lliii s  rriienlua  Ot 
Ainaranthii.s  hyliriiliis  plants  should  be  re- 
moved to  avoid  outcrossmg  or  mixtures. 
Grain  amaranths  are  sown  directly  and 
thinned  to  a  spacing  of  not  more  than  10 
plants/m- . 

Blanagament  Because  of  the  strong  growth 
of  amaranth,  weeds  are  not  very  troublesome, 

except  nut  grass  (Cyftcrus  ruttiitchi.t  L.)  and 
w  i'cding  IS  usually  not  necessarj'.  If  rainfall  is 
not  sufiBdent,  irrigation  by  sprinkling  ^ould 
be  done  before  the  plants  roiuh  their  wilting 
point.  Watering  every  day  with  8  mm  (8  1/m^)  is 
generally  sufficient.  Water  diortage  causes 
early  flowering,  which  reduces  the  yi^d  and 
the  market  quality.  Amaranth  is  a  veiy  high 
consumer  of  minerals.  On  poor  soils  only  mod- 
est crops  can  be  grown.  The  mineral  uptake 
and  removal  calculated  for  a  crop  yielding  26 
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t/ha  is:  125  kg  N,  25  kg  P,  250  kg  K.  75  kg  Ca 
and  40  kg  Mg.  Larper  quantities  of  N  and  K 
are  easily  abBorbcd  jis  luxury  u|)t;ikc  of  these 
elem^ts  is  abutuhuit^  Murli  X  stinuihitt's 
vegetative  growth  and  retards  flowermg.  Ama- 
ranth responds  to  high  rates  of  organic  fertil- 
izer. In  some  places  it  is  grow  n  on  large  quanti- 
ties (up  to  50  t/ha)  of  almost  fresh  town  refuse, 
which  fulfils  its  need  for  minerals.  On  poor 
soils,  the  application  of  400  kg/ha  of  NPK  10- 
10-20  in  addition  to  25  t  of  organic  manure  is 
recommended.  A  split  application  is  recom- 
mended during  the  rainy  seascm.  Nitrate-N  is 
better  than  ammonium-N.  Amaranth  does  not 
seem  to  need  to  be  rotated  with  other  crops 
since  no  serious  soilbome  diaeasea  have  bem 
observed.  Many  growers  cultivate  amaranth 
continimusly  un  thv  'inim-  lieds. 

Diseases  and  pests  Wet  rul  or  stemrut 
caused  by  the  fungus  Choanq}hora  eueurhita' 
mill  is  the  main  disonsc.  It  is  f.noun'd  hy  wet 
conditions,  poor  soil  fortdity  and  high  nitrogen 
doses.  Spraying  with  fungicides  sudi  as  maneb 
or  carbatene  reduces  the  losses,  but  is  seldom 
applied.  Dnmpinjj-nff  (•.■iu<i'il  l\\  l'\f}ii'iiiii  apha- 
nidermatuin  and  Rliizuctumu  is  ulien  serioui>  m 
seedbeds.  It  is  omtrolled  by  good  drainage. 

( )\  (>r-d(  nsr-  sowinp  should  be  nvoidcd  Pylhiinu 
also  attacks  older  plants.  Fungicides  such  as 
dithiocarbamates  have  some  effect.  Local  culti- 
vars  show  large  vnrinlion  in  susceptibility  to 
Choanephora  and  Pylhiiiiii.  Wliite  rust  caused 
by  Albugo  Candida  is  reported  as  a  minor  prob- 
lem. AUemcuia  leaf  ^ot  has  been  reported 
from  Tanzania.  No  virus  diseases  have  been 
reported. 

Insects  are  a  serious  problem  for  amaranth 
growers.  Cateipillars  (l^todcptera  Utura,  Heli- 

rnrcrpa  armifiPrn.  IJynnviin  ivcun  alis)  and 
sometimes  grasshoppers  are  the  most  harmful. 
The  larvae  of  the  stem  borer  Lixu$  truneatuJus 
often  cause  serious  dnniapo.  sometimes  nli-c  nrly 
in  the  seedbed.  The  basal  part  of  the  plant  con- 
taining the  ])upae  swells  and  plant  growth  is 
much  ret ;u lied.  Many  other  insects  such  as 
aphids  le;if'miners.  stmkluitjs.  mule  crickets 
and  miles  also  attack  amaranth  but  generally 
cause  only  minor  damage.  Many  commercial 
pnnvers  now  spray  with  insecticides  repulnrly 
up  to  twice  a  week,  instead  of  using  the  tradi- 
tional control  method  of  spreading  wood  ash  to 
I  insects.  In  order  to  avoid  harmful  n  si- 
dues  the  use  of  less  toxic  chemicals  is  slnmply 
recommended.  Biological  insecticides  derived 
from  BttciUua  thurmffensia  (Bt)  are  fairly  e£fec- 
tive  against  caterpillars.  Amaranth  is  hardly  or 


not  susceptible  to  nematode  damage.  Penetrat- 
ing lar\'ae  do  not  develop  further.  Moreover, 
harvesting  by  uprooting  removes  Mehndogyne 
hiivne  thfd  have  penetrated  the  roots,  making 
t  he  soil  more  suitable  for  a  next  crop  of  lettuce, 
okra,  African  nightshades  (Solanum  spedes), 
Corehonis  <>r  other  vegetables  susceptible  to 
root-knot  nematodes. 

Harvesting  The  optimal  harvest  period  is 
readleii  wh.  n  the  total  leaf  area  is  7  times  the 
ground  an  a  (L.\I  =  7).  In  iiraclice  har\'esting  is 
done  at  a  younger  stage  to  obtam  a  more  ten- 
der product.  Most  commercial  amaranth  grow- 
ers harvest  the  whole  crop  by  uprooting  20-30 
days  after  transplantmg.  Some  growers  har- 
vest by  cutting  at  ground  l^el.  If  wide  sqpadng 
is  practised,  the  harvest  method  is  by  repeated 
cuttmgs  the  first  cutting  about  one  month 
after  transplantmg,  and  then  every  2—3  weeks 
for  a  period  of  one  to  two  months.  Cutting  is 

done  nt  n  height  which  lenvrvs  at  least  2  leaves 
and  buds  behind  for  regrowth.  The  height  of 
the  first  cut  is  normally  10-15  cm.  Low  cutting 
retards  bolting.  Vp  t<.  lo  ruttmgs  may  be  ob- 
tained at  two-weekly  intervals.  If  the  crop  was 
sown  directly,  the  once-over  harvest  by  uproot- 
ing or  by  cutting  at  ground  level  may  be  done 

3—1  weeks  after  sowing.  Some  growers  oblain  a 
second  harvest  three  weeks  later  from  the  re- 
growth  of  the  smallest  plants. 
Grain  amaranths  if  grown  on  a  small  scale, 
are  har\'ested  by  culling  the  .seed  heads  early 
in  the  morning  to  avoid  scattering. 

Tidd  Good  growers  normally  harvest  2-2.5 
kg/m-  (maximum  3  0  kg.'m-)  of  an  uprooted 
crop  (dry  matter  content  16%,  edible  portion 
35-60%,  being  the  total  of  leaves  and  young 
st<>ms).  The  first  cutting  of  a  ratoonod  crop 
yields  1.0-1.5  kg/m-  (edible  portion  70-80%), 
the  following  cutting  0.5-1.0  kg/m-.  Continuous 
cropping  of  amaranth  may  yield  up  to  30  kg/m> 
marketable  product  per  year.  With  a  land  use 
of  70%,  an  annual  yield  of  210  tVha  of  market- 
able product  may  be  obtained.  The  seed  yield  of 
vegetable  amaranths  is  up  to  2  t/ha.  of  grain 
types  up  to  r>  t/ha.  Forage  yields  of  30  t/ha 
(with  18%  dry  matter  content)  in  8  weeks  have 
been  reported,  representing  a  yield  of  1.6  t/ha 

of  pure  leaf  prot  I  in  i  f  ■vccllent  qii.ility 

Handling  after  harvest  The  harvested 
plants  are  bundled,  the  roots  are  washed  and 
tln'  |)roduoe  is  jiacked  for  transport  to  the  mar- 
ki  t.  in  markets  and  shcjjTs  it  is  sprinkled  with 
water  to  keep  a  fresh  appearance.  If  uprooted, 
the  vegetable  can  be  kept  fresh  for  some  days 
by  putting  it  in  a  basin  with  the  roots  in  the 
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water.  It  IS  sold  in  bunches  or  by  weight.  The 
harvested  product  can  be  dried  in  the  sun  for 
the  preparation  of  leal'  powder.  Dry  iiinon  s- 
oenoes  harvested  lor  thi'  seed  art'  <!ir(><h<Ml  by 
putting  them  in  big  jute  bags  and  beating  with 
sticks.  The  bulk  of  the  straw  is  removed  first 
and  then  the  I'iiK-r  c-hiiffiti  winnowed. 

Genetic  resources  A  collection  of  ama- 
ranths is  kept  at  the  Rodale  Organic  Garden- 
inti  and  Farming  Research  Center  (Ot  JFRC)  at 
Kutzfown,  Pennsylvania  t 'nited  States:  South- 
East  Asian  accessions  are  kept  at  the  Asian 
Vegetable  Research  and  Development  Center 
(AN'RnC)  at  Tainan  Taiwan,  African  cultivars 
and  mtroductions  irom  OGFRC  are  kept  at  the 
National  Horticultural  Research  Institute 
(XllR)  in  Nigeria  and  .XtVn  an  cultivars  at  the 
AM^Df  centre  at  Arusha.  Tanzania  Indian 
collections  are  kept  at  the  National  Bureau  of 
Plant  Genetic  Resources  (NBPGR),  New  Delhi 

(India).  Many  nafinnnl  institutes  have  small 
working  collections  of  local  cultivars.  Evalua- 
tion and  variability  studies  are  needed  to  re- 
veal the  amount  of  exploitable  genetic  varia- 
tion 

Breeding  Breeding  o(  Amaranthus  cmentus 
as  a  leafy  vegetable  has  been  limited  to  selec- 

tion  of  local  rtiltivars.  In  some  countries  (Be- 
nin, Nigeria)  selections  have  been  made  firom 
landraoes.  A  popular  and  productive  cultivar  is 
'Fotete'  in  Benin.  Experimental  breeding  of 
grain  tj^ies  in  India  shows  that  there  are  pos- 
sibUities  for  improvement  by  hybridization.  A 
lot  of  breeding  woric  has  been  performed  on 
grain  1,\  p'  -  m  tlic  I'ml fd  States  and  India. 

Prospects  Aiuuiaiilliua  crueittua  is  recog- 
nized as  an  easy-to-grow  and  extremely  pro- 
duct ivc  and  nutritious  vegetable.  It  is  probably 
the  highest -yielding  leaf  vegetable  of  the  trop- 
ics. It  has  high  potential  for  the  production  of 
leaf  prot«in  concentrates.  Its  excellent  nutri- 
tional value  makes  it  an  important  vegetable 
for  human  nutrition,  both  in  rural  areas  for 
home  consumption  and  as  a  cheap  green  vege- 
table in  city  markets.  Research  should  focus  on 
the  optimization  of  cultural  practices  (inte- 
grated pest  management  to  avoid  pesticide 
residues,  plant  nutrition)  and  on  breeding  for 
fungus  and  insect  resistance.  C.min  amaranth, 
however,  does  not  have  much  future  in  Africa, 
since  it  cannot  compete  with  more  productive 
traditional  cereals  that  are  easier  to  grow.  Or- 
namental types  of  Ainnrniilhiis  rnieutus  will 
probably  remain  popular  garden  plants,  with- 
out much  commercial  interest. 
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AMARANTHUS  DUBIUS  Mart,  ex  Thell. 

Protologue  Fl.  adv.  Montpellier:  203  (1912). 
Family  Amaranthaoeae 

Chromosome  number  'In  -  (>  I 

Synonyxna  Amai-aiUhua  Irtalis  auct.  non  L. 

Vernaoular  names  Amaranth,  pigweed 
(E<n).  .Amoranle.  brede  de  Malabar  (Ft).  Ama- 
ranto,  bi-ciid  iI'ol  \l('hir!i,i  iSw). 

Origin  and  geograpliic  distribution  Anuj- 
rwUhus  dubms  is  a  weedy  plant  widespread 
throughout  the  humid  lowland  tropics.  It  origi- 
nates from  tropical  America,  where  it  is  com- 
mon in  the  Caribbean  region  and  from  south- 
em  Mexico  to  noithem  South  America.  The 


Amamaihua  dubiua  -  wild  and  planted 
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cultivoted  typo  may  have  been  developed  fi-om 
the  weed}'  ancestor  in  tropical  Asia  (Indonesia, 
India)  and  is  found  in  several  African  and  Cen- 
tral Ameriejin  counfni's  uhi'ii-  immiL'nint s 
have  introduced  it.  Ainuiaiithus  Uubius  is  a 
protected  weed  used  as  a  pot  herb  in  many 
AlVicjin  (cuiiit lies,  and  it  possibly  occurs  in  all 
African  lowland  areas.  It  is  a  cultivated  vege- 
table in  West  Africa  (Sierra  Leone,  Ghana, 
Benin,  Nigeria),  Central  Africa  (Camc'roon, 
Democrnfir  Republic  of  Conpo),  and  Ea.^t  .\fVica 
(Kenya,  Uganda),  but  is  much  less  common 
than  Anuminthua  erumtus  L. 

Uses  The  main  use  of  Aiiianiiitlius  dubius  is 
as  a  cooked  leaf  vegetable.  The  product  is  dark 
green  and  tender  but  its  taste  somewhat  neu- 
tral III  Kenya  it  is  cooked  Vii\h  bitter  leaf  vege- 
tables sueb  as  nightshades  {Solaiiunt  spp ) 
Cleome  gyiiandiu  L.  or  Lauiia^a  cornula 
(Hodist.  ex  Oliv.  &  Hiem)  C.Jeffrey  to  make  it 

more  p.alal  ,il>lc  The  Icivi  s  (^nsily  beconn^  soft 
after  5-10  rmnutes  cooking  in  lightl}'  salted 
water.  It  is  not  common  to  add  potadi.  Ama- 
ranth leaves  in  general  are  recommended  as  a 
good  food  with  medicinal  properties  for  young 
children,  lactating  mothers  and  lor  patients 
with  fever,  haemorrhage,  anaemia,  constipa- 
tion or  kidney  romi>!;nnts.  In  Tanznni.a  the 
whole  plant  is  used  as  a  medicine  agamst 
stomadiache.  In  Uganda  Amaremthus  dubius 
plants  are  used  for  the  preparation  of  potash 

Production  and  international  trade  Anxi- 
raiillms  dubius  is  a  subsistence  vegetable  and 
a  coUected  pot  herb,  seldom  found  in  markets, 
but  in  Kenya  it  is  timwn  on  a  enmnnTcial  scale 
and  sold  m  city  markets.  No  statistical  data  on 
production  are  available.  Commercial  growers 
prefer  the  more  productive  .\niarmtihu$  cruen- 
tun.  No  infemationnl  trade  has  been  reported 
but  Amaixm  thus  dubius  of  the  local  type  Kla- 
romi'  is  exported  from  Suriname  to  the  Nether- 
lands 

Properties  The  eonipnsition  ot  Ainaraiilhiia 
dubUts  leaves  is  comparable  to  Amaranthus 
eruentua  and  other  amaranth  leaves.  The  aver- 
age composition  of  amaranth  leaves  per  100  g 
edible  portion  is:  water  84.0  g,  energy'  17G  kJ 
(42  kcal),  protein  4.6  g,  fat  0.2  g,  caibohydrate 
8.3  g.  fiftre  1.8  p  Cn  410  mp,  P  10:i  mp  Fe  8.0 
mg,  P-caroteme  5716  |ig,  thiamin  0.05  mg,  ribo- 
flavin 0.42  mg,  niacin  1.2  mg,  ascorbic  acid  64 
mg  (Leung.  \V.-T,\V,  Husson,  R  &  rl.ndin,  C, 
1968)  The  leaves  .and  stems  contain  nitrate, 
mostly  in  the  stems,  and  also  oxalate  at  a  level 
comparable  to  other  green  leaf  vegetables. 
Most  people  co(^  amaranth  in  ample  water 


and  discard  the  cooking  water  containing  solu- 
ble nitrate  and  oxalate.  The  presence  of  a 
rather  high  content  of  hydrocyanic  acid  and 

n\;i]ir  arid  iii  ik'  ~  amaranth  less  suitalile  for 
fresh  consumption  by  humans  and  as  fodder  for 
animals. 

Adulterations  and  substitutes  Aiiutraii- 
Ihus  dubius  can  be  substituted  by  other  ama- 
ranths or  other  dark  green  leaf  veget  ables. 

Description  Erect  annual  herb,  up  to  150 
cm  tall;  stems  slender  to  stout  liranched,  gla- 
brous or  upwards,  especially  m  the  intlores- 
oenoe,  with  short  to  rather  long  hairs.  Leaves 
arranged  spirally,  simple,  without  stipules; 
petifde  up  to  8.5(-12)  cm  long;  lamina  ovate  or 
ibomboid-ovate,  1.6-12(-22)  cm  x  0.7-8(-14) 
cm,  cuneate  at  the  base,  blunt  or  reiuse  at 
apex,  mucronate.  entire  glabrous  or  shortly 
pilose,  sometimes  the  centre  of  the  lamina 
blotched  red.  Inflorescence  spikelike  or  panicu- 
late, axillary  and  terminal  the  termin.il  tme  uji 
to  25  cm  long,  consisting  of  glomerules  more  or 


Ainamntfuis  dubius  -  1,  fiouering  and  /railing 

bKotch;  2,  finit;  3,  seed. 

Redrawn  and  adapted  by  Iskak  Syammidia 
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loss  isolated  nt  bnso  of  inflorescence  and  ag- 
glomerated towards  apex;  bracts  up  to  2.5  mm 
long,  awned.  Flowers  unisexual,  subsesaile, 
with  f  4-)r)  ti'pjUs  up  to  2.5  mm  lotiK':  ninlc  flow- 
ers usually  near  apex  of  inflorescences,  with  5 
stam^is  c.  2  mm  long;  female  flowers  with  su- 
perior, 1-celled  ovary  crowned  by  3  stigmtis. 
Fruit  an  ovoid-urceolate  capsule  c.  1.5  mm 
long,  with  a  short  inflated  beak  below  the 
stigmas  ilchiscing  circularly,  the  lid  strongly 
nmiilrisc  IjcIow  the  beak,  l-scrdtH).  Seed  len- 
ticular, compressed,  c.  1  mm  long,  black. 

Other  botanical  informatioii  Anummthus 
comprises  about  70  species,  of  which  about  40 
are  native  to  the  Americas.  It  includes  at  least 
17  spedea  with  edible  leaves.  Amamnthua 
dubiua  is  the  only  known  tetraploid  Antaran- 
tltus  species  (2/(  =  G  1).  It  has  been  postultited 
as  an  allutetraploid,  with  Aiiiaranlhus  spinosu:i 
L.  as  one  of  the  parents  and  Amamnthua  quit- 
en. tis  flumb.,  Bonpl.  &  Kunth  or  Amnranlhus 
hybridua  L.  as  the  other.  This  theoiy  is  disput- 
able because  of  the  different  diromosome  num- 
ber of  Aiiuiiaitthus  spinosiia  (2n  =  34).  Also,  a 
DXA  analy  sis  of  the  various  genomes  could  not 
confirm  Ainuraiitlius  apinoms  and  Ainaranllms 
hybridua  as  ancestors  of  Amareatlhua  dubiua. 

Tt  is  ahnnst  impossibl(>  to  make  ,i  ilist  inction 
lictween  Amamnthua  diibiii.s  and  AinaraiiUma 
spiiimttta  based  on  mori>hological  characters; 
Anuiranthim  spinoaua  has  axillary  spines 
which  are  not  present  in  \waravlhiis  duhvis. 
However,  spineless  Amaraiithus  apinosua 
plants  with  2n  =  34  have  been  observed  in  sev- 
eral localities.  In  Nigeria  an  .  l//fa;v//i//i//.v 
dubiua  plant  with  2u  =  32  has  been  recorded; 
this  might  be  a  spineless  Amanmtiiua  apino- 
3U.S.  Other  more  or  less  reliable  differences  are 
the  gn  ator  number  of  terminal  male  flowers  in 
the  inflorescences  of  Ainarauihua  apinosus  and 
the  smaller  pores  of  the  poIlMi,  Spontaneous 
hybrids  between  Amaranthua  diibi'tifi  and 
Amaranthus  blitum  L.  mostly  with  2u  =  32 
have  been  reported  from  India  and  America. 
Weedy  Amaranthua  dubiua  is  a  small  prost  rate 
plant  found  in  open  places  on  wasteland  <  "ulti- 
valed  types  of  Ainiiiaiilhus  dubiiis  differ 
greatly  from  weedy  types;  the  plants  are  lai^er, 
mnr<-  erect  and  more  succulent.  Several  local 
types  and  cultivars  occur. 

Orowtli  and  development  Emergence  of 
the  seedling  takes  place  3-5  days  after  sowing. 
The  vegetative  development  is  fast.  Like  maixe 
and  sugar  cane,  the  genus  AmaixiiUhua  is 
characterized  by  the  C4-cycle  photosynthetic 
pathway,  which  means  a  high  rate  of  photoeyn- 


thesis  at  high  temperature  and  radiation. 
Flowering  may  start  4-S  weeks  after  sowing. 
The  plants  continue  to  produce  new  shoots 
when  older  luanches  ai'o  already  blooming. 
Pollination  is  eflected  by  wmd  but  the  abun- 
dant pollen  production  causes  a  high  rate  of 

self-pollination.  The  first  seeds  mature  about  6 
weeks  after  sowing.  In  backyards  with  re- 
peated pickings,  Amaranthua  duhma  plants 
may  become  perennial  iiji  lo  2  y(>ars  old. 

Ecology  Aiiinraii tliii.s  diihins  is  frequently 
found  in  tropical  humid  lowland  from  sea  level 
up  to  500  m  altitude,  and  also  but  mudi  less  at 
higher  elevations  up  to  2000  m.  It  is  a  common 
plant  m  waste  places,  roadsides,  flood  plains, 
river  banks  and  deared  forest  areas.  It  diows  a 
weak  quantitative  short -day  reaction.  Vegeta- 
ble amaranths  grow  well  at  day  temperatures 
above  25°C  and  night  temperatures  not  lower 
than  16*C.  Shade  is  disadvantageous  except  in 

rases  of  drought  stress,  .\mnrnnths  like  fertile, 
well-drained  soils  with  a  lo«se  stnicture. 

Propagation  and  planting  The  seed  of 
Amaranthua  dubiua  is  smaller  than  that  of 
other  cultivated  amaranths  with  inoO-^lOnO 
seeds/g.  At  harvest  growers  spare  a  few  vigor- 
ous plants  for  seed.  Market  seed  production  in 

the  field  yields  around  500  ki:  seed  per  ha  in  a 
five-month  period.  For  commercial  seed  pro- 
duction an  isolation  distance  of  200  m  should 
be  respected.  In  the  wild  and  in  home  gardens 
the  seed  of  fruiting  yilnnts  scatters  and  gives 
rise  to  new  plants  automatically.  The  seed  may 
remain  dormant  in  the  soil  for  several  years.  It 
germinates  when  it  comes  to  the  surfac  e  nv  m 
the  top  3  cm  of  the  soil.  Yet  in  germmation 
trials  with  vegetable  tjrpes,  germinatitm  was 
stimulated  by  darkness.  The  seed  may  be 
mixed  with  sand  for  easier  sowing.  It  is  com- 
mon practice  to  sow  directlj',  broadcast  or  in 
rows  with  about  20  cm  between  the  rows,  with 
a  seed  rate  of  1-5  g'm-.  .\nnthor  cultivation 
method  is  sowing  in  a  nursei>'  at  a  rate  of  2-10 
g/in'  and  transplanting  after  2-3  weeks.  From 
a  nursery,  the  grower  obtains  up  to  1000  plant- 
lets  per  m-  for  transplanting.  A  plant  density  of 
100-20U  pianls/m-  can  be  practised  for  once- 
over harvesting  while  26  plants/m'  is  appropri- 
ate for  repeated  cuttings.  Amaranthus  dnhiiia 
is  especially  well-suited  to  repeated  cutting. 
For  maricet  production  Amaranthua  dubiua  is 
normally  grown  as  a  sole  crofi  an  beds.  It  js 
also  found  in  intercropping  systems  with  food 
crops. 

Management  In  fields  and  home  gardens, 
the  only  care  giv^  to  weedy  Amanmthua 
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diihius  plants  is  solortivr  wrcding.  Amaraii' 
thus  dubius  is  fast  growing,  albeit  less  than  the 
more  oomm<nily  cultivated  Amarantittu  enien- 
/f/.s,  Because  of  the  ntther  stronj;  fjrowth  of 
Ainaranthus  dubius,  weeds  in  transplanted 
plots  are  not  very  troublesome,  except  nut 
grasB  (Cypi'itis  rotiindiis  L  ).  If  rainfall  is  not 
sufficient,  irriguiion  by  sprinkling  should  be 
done  before  the  plants  reach  their  wilting 
point.  Amaranlhus  dubius  is  much  more  sus- 
cpptiblo  to  drought  thnn  Ainaratithti.i  rnienhis. 
Watering  everj*  day  with  G  mm  (6  1/m-)  is  suffi- 
cient. Water  shortage  causes  early  flowering, 
which  rmluo's  thf  yirld  and  flu-  market  qual- 
ity. Amaranth  is  a  very  high  consumer  of  min- 
erals. On  poor  soils  only  modest  crops  can  be 
produced.  Amaranth  responds  to  high  rates  of 
organic  fertilizer.  In  some  places  it  is  grown  on 
large  quantities  (up  lu  5U  t/ha)  of  almost  fresh 
town  refuse,  whidi  fulfils  its  need  for  nutri- 
ents. On  poor  soils,  the  npplirnfinn  of  KKI  ktiitin 
of  NPK  10-10-20  in  addition  to  25  t  of  organic 
manure  is  recommended.  A  split  application  is 
recommended  during  the  rainy  season.  Nitrate- 
X  is  better  than  ammonium-X.  Amaranth  does 
not  seem  tu  need  to  be  rotated  with  other  crops 
since  no  serious  soilbome  disease  has  been 
obsonc' ! 

Diseases  and  pests  In  general  Amaraiithua 
dubius  is  susceptible  to  the  main  pests  and 

diseases  of  Amaranlhus  cruenlua,  but  it  is  less 
suso'piiblc  to  stemrot  rnnsed  by  the  fungus 
Choanephoia  cucurbilaiuin,  the  mam  disease 
of  Amanmthus  ementiM,  and  to  damping-off 
caused  by  Pythium.  Fnr  this  reason  the  fr>rmer 
is  recommended  for  cultivation  durmg  the 
rainy  season.  No  virus  diseases  have  been  re- 
ported Am.iranth  18  not  veiy  susceptible  to 
nematode  da  ma  go. 

Insects  are  a  serious  problem  for  amaranth 
growers.  Caterpillats  (Hym«tia  reeurvaUs, 

Spodiiplfni  lifiira,  IleJinlhis  nDtir's^rra)  and 
sometimes  grasshoppers  are  the  most  harmful 
pests.  The  larvae  of  the  stem  borer  Lixtis  tniU' 
catulus  may  cause  much  damage,  sometimes 
already  in  the  seedbed.  The  basal  part  of  the 
plant  containmg  the  pupae  swells  and  the 
plant  growth  is  much  retarded.  Many  other 
insects  such  as  aphids,  loaf  miners,  stinkbugs. 
mole  crickets,  as  well  as  mites  attack  ama- 
ranth but  generally  cause  only  minor  damage. 
Cnrnmi'icial  i^iiiiwers  now  spriiy  insecticides 
instead  of  usmg  the  traditional  control  method 
of  spreading  wood  ash  to  dispel  insects. 
Weedy  Amtunnthus  dubiua  is  a  host  plant  for 
the  bacterium  Xcaitkomoiuu  eampeatris  affect- 


ing tomato  and  for  the  nematode  Rolylendiulua 
reniformis  affecting  banana. 

Harvesting  Commercial  growers  harvest  by 
uprooting,  by  cutting  at  gmund  level  or  by  ra- 
tooning.  if  the  crop  is  sown  directly,  a  once- 
over harvest  by  uprooting  or  by  cutting  at 
ground  level  may  be  done  .3-4  weeks  after  sow- 
mg.  Some  growers  obtain  a  second  harvest  3 
weeks  later  from  the  regrowth  of  the  smallest 
plants.  n  t  ill  1 11  mm  J  is  practised,  the  first 
cutfine  takes  place  about  one  month  after 
transplanting,  and  then  every  2-3  weeks  for  a 
period  of  1—2  months.  Cutting  should  be  done 
atsudi  a  hi'iyht  that  at  least  2  leaves  and  buds 
are  left  behmd  ibr  regrowth;  the  best  cutting 
height  is  10—16  em. 

Yield  Commercial  growers  harvest  1.5-2.5 
kg/m-  of  an  uprooted  crop  (dry  matter  content 
16%,  edible  portion  Jo— 5U%);  the  first  cutting 
of  a  ratooned  crop  may  yield  1-2  kg/m^  (edible 
portion  70-80%),  subsequent  cuttings  about  1 
kg/m^- 

Handling  after  tiarvest  The  harvested 

plants  or  shoots  are  bundled,  the  roots  are 
washed,  and  the  produce  is  packed  for  trans- 
port to  the  market.  In  markets  and  shops,  it  is 
sprinkled  with  water  to  keep  a  fresh  appear- 

imce.  If  uprooted,  the  vef,n  t  nlilc  can  be  kept 
fresh  for  some  days  by  puttmg  it  in  a  basin 
with  the  roots  in  the  water.  It  is  sold  in 
bunchr  s  or  by  weight. 

Genetic  resources  Amaranthiis  dubius  is 
present  in  Indian  collections  at  the  National 
Bureau  of  Plant  Genetic  Resources  (N6PGR), 
Xew  Delhi  (India),  Some  F*!ast  and  southern 
Afirican  research  institutes  may  have  small 
working  collections  of  local  cultivars.  Evalua- 
tion and  variabihty  studies  are  needed  to  re- 
veal the  amount  of  exploitable  genetic  varia- 
tion. 

Breeding  Breeding  of  Amaranihu$  dubius 

as  a  leafy  vegetable  has  been  carried  out  at 
Tamil  Nadu  Agricultural  University,  Coimba- 
tore,  India;  several  commercial  cultivars  are 

available. 

Prospects  Amaranlhus  dubius  is  rewgnized 
as  an  easy-lo-grow,  productive  and  nutritious 
vegetable,  especially  for  the  rainy  season.  Re- 
search should  focus  on  optimization  of  cultural 
practices  (mtegrated  pest  management  to  avoid 
pesticide  residues,  plant  nutiition). 
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Amaranthus  uraecizans  L. 

Protologue  Sp.  pi.  2:  990  (1763). 
Family  Aniaranthareae 
Chromosome  number  2ii  —  32,  34 
Synonjrans  Amarantima  anguatififlius  Lam. 
(178;i)     Animatitluis    silvestris   Vill.  (1807), 
Ainaranthua  thelUmgianus  Nevaki  (1937). 

Vemaoiilar  names  Wild  nniaranth,  pros- 
trate amaranth,  ^reading  prj  I  (En).  Ama- 
rante  sauvage,  amarante  sylvealie.  amarante 
africaine  (Fr).  Tristes,  amaranto,  bredu  (Pu). 
Mdiidia  (Sw). 

Origin  and  geographic  distribution 
ranlhua  giuecizaiis  utx:urs  scattered  thruughuut 
tropical  Africa,  where  it  has  been  recorded  for 
many  oountries.  It  is  also  distributed  in  south- 
ern Eiiropo  and  in  tropical  and  subtropical 
Asia,  and  has  been  introduced  to  the  United 
States.  It  is  especially  popular  as  a  vegetable  in 
parts  (if  Kenya.  I'yanda  T;m/riiiia.  Malawi  and 
elsewhere  m  southern  Airica,  and  is  sometimes 
a  protected  weed  in  backyards  and  home  gar- 
dens. It  is  locally  cultivated  on  a  small  scale  in 
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home  gardens  e.g.  by  the  iVcholi  people  in 
Nebbi,  l^ganda,  and  in  Tanzania  for  market 
sale  to  people  of  Indian  origin. 

Uses  The  main  use  of  Ainitninllius  f^nu'ci- 
zwi-a  is  as  a  cooked  leaf  vegetable.  In  many 
countries  it  is  collected  as  a  potherb  from  the 
wild  Hs|>("cially  older  jxxiplo  apprccintf  the 
slightly  bitter  taste.  A  major  drawback  is  that 
the  leaves  are  small  and  collection  takes  time. 
B('(aus(>  of  the  many  flowers,  pcHjple  will  not 
cook  the  whole  shoot  but  they  pick  the  individ- 
ual leaves,  which  is  one  reason  why  this  ama- 
ranth has  a  low  market  value.  In  some  regions 
it  IS  calen  mixed  with  other  leaf  vegetables 
collected  from  the  wild,  e.g.  by  the  Okiek  peo- 
ple in  Western  K^ya,  who  mix  it  commonly 
with  Solan  um  or  Rumex  species  and  Urtiea 

nidssaira  Mddbr 

Ain  u  ran  th  us  gmecizan  s  is  used  as  a  fodder  for 
livestodc.  In  Mauritania  the  seed  is  baked  into 

thin  rnkos  while  in  the  western  T'nitr-d  Slate.s 
it  is  ground  into  flour.  Like  other  wild  ama- 
ranths, whole  plants  of  Amanmthua  graecizans 
are  used  in  l-Jast  and  West  Afirica  to  ni mui  ir- 
ture  a  local  salt.  Fur  this  purpose,  the  plants 
are  dried  and  burned  tu  ashes,  the  filtrate  is 
evaporated  and  the  residue  used  as  a  substi- 
tute  fcsr  ffunmon  salt.  In  Uganda  the  heaves 
are  chewed  and  the  Hquid  swallowed  to  treat 
tonsillitis.  In  Senegal,  the  leaves  are  used  as 

an  anthrlniinlic. 

Production  and  int^^mational  trade  .  l;/m- 
mnthua  graechaiis  is  occasionally  sold  at  mar- 
kets as  a  low-value  vegetable,  but  there  are  no 
records  on  |>r<)iluctinn  and  trade, 

Properties  The  cumpositiun  of  Amaraulhua 
graeeizana  leaves  is  comparable  to  that  of  other 
amaranths.  Hie  average  compositicm  of  ama- 
ranth leaves  per  lt)0  g  edible  portion  is:  water 
84.0  g,  energy  176  kJ  (42  kcal),  protem  1.6  g, 
fat  0.2  g,  carbohydrate  8.3  g,  fibre  1.8  g.  Ca  410 
P  lO:'.  mg  Fe  8.9  mg,  P-carotene  ."iTlfi  ^g, 
thiamin  0.05  mg,  riboflavin  0. 12  mg,  niacin  1.2 
mg,  ascorbic  add  64  mg  (Leung,  W.-T.W.,  Bus- 
s<in  K  &  .Jardm,  C  1968).  The  dry  matter 
content  is  high  (9-22%).  as  well  as  the  micro- 
nulnenl  content,  especially  calcium,  iron,  caro- 
tene, folate  and  vitamin  C,  if  compared  to  other 

leaf  vegetables.  The  calcium  is  partly  insoluble 
and  not  taken  up  m  the  digestive  tract,  as  it  is 
bound  to  oxalate.  The  bioavailability  of  iron  is 
6—12%.  "Hie  leaves  beiome  soft  after  5-10  min- 
utes cooking  in  slightly  salted  water.  The  ni- 
trate (mostly  m  the  stems)  and  oxalate  levels 
are  high,  but  cooking  in  anq>le  water  removes 
most  of  these  toxic  oomp<ment8.  The  presoioe 
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of  hydrocj  nnic  acid  and  oxalic  acid  makes  it 
less  suitable  for  fresh  consumption  by  humans 
and  as  fodder  for  animals. 

Adulterations  and  substitutes  In  'lishfs 
with  green  leaiy  vegetables  or  potherbs,  Aiita- 
ranthiis  graeeizans  may  be  replaced  by  any 
othiT  vt  ^('t;il)]i'  nnitiranth. 

DeBcripiion  Small  annual  herb  up  to  45(- 
70)  cm  tall,  prostrate  or  decumbent,  often 
strongly  branched  from  the  base  and  usually 
also  above;  stem  and  branches  slender  to  stout, 
angular,  glabrous  or  thinly  furnished  with 
short  to  long,  crisped,  multicellular  hairs. 
Leaves  arranged  spirally  simple,  without  stip- 
ules; petiole  3-6  cm  long,  sometimes  longer 
than  lamina;  lamina  broadly  ovate  or  rhombic- 
ovate  to  narrowly  linear-lanceolate,  0.5-5.5  cm 
X  0.2—3  cm  cunente  tn  lony-MltenUMte  at  liasiv 
acute  to  blunt  or  obscurely  retuse  at  apex,  en- 
tire, glabrous  or  with  a  few  short  glandular 
hairs  on  the  lower  surfnce  nf  the  venation.  In- 
florescence an  axiilai;)'  cluster,  with  male  and 
female  flowers  intermixed  but  male  flowers 


Amaiauthus  graeeizans  -  1,  plant  habit;  2, 
fruit;  3,  seed. 
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most  frequent  in  upper  clusters;  bracts  up  to  2 
mm  long,  with  short  or  long  awn.  Flowers  uni- 
sexual, subsessile,  with  3  tepals  up  to  2  mm 
long,  having  ;»  short  awn:  male  flowers  with  3 
stamens;  female  flowers  with  superior,  1-celled 
ovary  crowned  by  3  stigmas.  Fruit  a  globose  to 
shortly  ovoid  capsule  up  to  2.5  mm  long,  with  a 
very  short  beak  below  the  stigmas,  usually 
strongly  wrinkled,  usually  circumacissile,  1- 
.see<l(>d.  Seed  compressed,  1—1.6  mm  long, 
faintly  reticulate,  black. 

Other  botanical  information  Ainaranlhus 
comprises  about  70  species,  of  whidi  about  40 
are  native  to  the  Americas,  It  counts  at  !e.i<t  17 
species  with  edible  leaves.  Amamntiuis  graeei- 
zans resembles  Amaranthxut  thunbergii  Mbq., 
but  may  be  distinguished  by  its  branched 
habit,  glabrous  stems  or  fuinished  with  few 
hairs,  and  by  the  short  awn  of  the  tepals.  Aina- 
ranthus  sparganioeephalus  lliell.  is  another 

weedy  amnrnnth  loc.nlly  collprled  ns  a  leafy 
vegetable;  it  differs  in  its  globular  head-like 
infloresoenoes  and  fruits  arranged  in  a  star^ 
shaped  pattern. 

Aniai-anihus  graeeizans  is  variable  Three  sub- 
species are  distinguished:  subsp.  graeeizans, 
with  leaves  oblong  to  linear-lanceolate  (at  least 
2.5  times  as  long  as  broad)  and  short  lepal 
awns;  aubsp.  ailvealria  (VUl.)  Brenan,  with 
leaves  broadly  ovate  to  rhombic-ovate  or  ellip- 
tical-ovate (less  than  2  times  as  long  as  broad) 
and  short  trj)al  awns;  and  subsp.  ihelhiu^imtii k 
(Nevski)  Gusev,  with  leaves  rhombic-spat  ulate 
to  narrowly  linear-lanceolate  and  long  tepal 
awns.  These  subspecies  are  sympatric  in  some 
regions,  and  then  intermediate  forms  may  be 
common,  e.g.  in  Ethiopia.  Subsp  graeeizans  is 
most  common  in  West  .Africa,  subsp.  silvestrU 
in  East  Africa,  and  subsp.  thelluiigianua 
mainly  occurs  in  southern  Africa. 

Qrowth  and  development  Emergence  of 
the  seodlil^  takes  {ilncc  '.'-Ft  days  after  sowing. 
The  vegetative  development  is  fast.  The  genus 
Amarantkus  is  diaracterized  by  the  C4-cycle 
photosjTithetic  pathway,  which  means  a  high 
photosynthesis  at  high  temperature  and  radia- 
tion. Flowering  may  start  4-8  weeks  after  sow- 
ing. The  growth  of  new  shoots  continues  after 
the  start  of  flowering.  Pollination  is  effected  by 
wind  but  the  abundant  pollen  production,  espe- 
cially in  the  upper  part  of  flowering  plants, 
causes  a  high  rate  of  self-pollination.  Seeda 
mature  after  1-2  months 

Ecology  Amaranths  m  general  perform  best 
on  fertile,  well-drained  soils  with  a  loose  struc- 
ture, but  AmaranUaia  graeeizans  also  grows 
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well  on  poor  soils.  It  is  very  resistant  to  ad- 
verse climate  and  soil  conditions.  It  is  found  on 
waste  or  iultivat«d  ground,  forest  edges  and 
yiMssliind.  mnslly  in  firiil  ureas  hut  filso  in 
marshy  or  Hooded  land,  from  sea  level  to  2400 
m,  in  regions  with  an  annual  rainfall  of  600- 
1800  mm.  If  there  is  less  rainfall,  it  is  only 
found  during  the  rainy  season.  It  grows  well  in 
somewhat  shaded  conditions. 

Propagation  and  planting  In  the  wild  and 
in  hnmc  canli-ns  the  seed  of  fruitinp  plants  is 
scattered  and  gives  rise  to  new  plants.  Dor- 
mant seed  remains  viable  in  the  soil  for  several 
years.  It  t;t  immates  at  the  surface  or  in  the 
upper  3  cm  of  the  soil.  Seeds  can  be  obtained  by 
rubbing  mature  infructesoenoes.  Tfie  seeds  can 
be  sown  directly,  broadcast  or  in  rows  with  15— 
20  cm  bi'tween  the  rows,  with  a  seed  rate  of  2— 
5  g/m-.  ^Another  cultivation  method  is  sowing  in 
a  seedbed  (nursery)  at  a  seed  rate  of  3-10  gAn^ 

and  transplanting  after  2-.'^  works.  A  plant 
density  of  100-200  plants/m-  can  be  practised 
for  a  onoe-over  harvest,  whereas  25  plantsAn^ 
is  appropriate  for  repeated  cuttings. 

Management  Cultivation  is  rehitm  ly  easy; 
the  same  technology  as  fur  Ainaianllius  bliluin 
L.  may  be  applied.  Where  Amaranihua  graeei- 

gans  is  appreciated  as  a  vejjelable,  selective 
weeding  may  be  applied  by  removal  of  ail  other 
weeds.  Water  shortage  causes  early  flowering, 
which  reduces  yield  and  market  quality.  .Ama- 
rnnth  is  a  very  high  consumer  of  minerals.  On 
poor  soils  only  modest  crops  are  produced. 

Diseases  and  pests  Although  information 
is  limited  Aindniiitliiis  gtxtecizaii s  sf.'ems  tu  be 
very  tough  and  resistant  to  pests  and  diseases. 
It  is  a  host  plant  of  VertieilUum  fungi,  which 
may  cause  damage  to  tomato. 

Harvesting  Young  plants  and  ynunp  tender 
shoots  are  picked  as  a  vegetable.  When  whole 
plants  are  harvested  they  are  uprooted  after  4— 
5  weeks.  \ATien  plants  are  ha  nested  several 
times,  it  is  advised  to  pick  individual  leaves 
when  seeds  have  started  maturing  because 
stray  seeds  in  pr^ared  food  feel  like  sand  in 

the  nil 'ui li 

IlautUmg  alter  harvest  If  collected  for  the 
market,  shoots  and  leaves  are  often  sprinkled 

with  wntei'  tn  ki  i']>  n  fi'esh  .-iiiiiearanre. 

Genetic  resources  Ainaixinthua  graecizans 
is  widespread  and  usually  occurs  in  disturbed 
habitats  and  thus  does  not  seem  to  be  threat- 
ened by  genetic  erosion.  The  genetic  variation 
m  this  polymorphic  species  seems  considerable. 

Prospects  Amaranihua  graecizaiis  is  a  tasty 
and  nutritious  traditional  wild  vegetable,  in 


%vhirh  there  is  decreasing  interest.  The  pros- 
pects for  domestication  and  cultivation  as  vege- 
table are  poor  because  it  would  have  to  com- 
pete w  ith  higher  yieldint;  .■nnarnnths  such  as 
the  commonly  cultivated  Aniaianlhus  cmentus 
L.,  Amaranthus  blitum  L.,  Amaranthtia  dubms 
Mint,  ex  Thell,  and  Atuaraittlius  Iricolnr  L  In 
breeding  of  cultivated  amaranths.  Amarujithua 
graecizana  might  be  used  as  genitor  of  resis- 
t  ance  genes. 

Major  references  Burkill  ll.M.  1985; 
Maundu,  P.M.,  Ngugi,  G.W.  &  Kabuye,  C.H.S., 
1999;  Schippers,  R.R..  2000;  Townsend,  CO.. 
1985;  Townsend.  CO.,  1988;  Townsend,  C.C., 
2000. 

Other  references  Baquar,  R.S.  &  Olusi, 

O.O  1988;  Gnibben,  G  J.H..  1993a;  Holland, 
B..  Umvin,  I.D.  &  Buss.  D.II..  l!)!/!:  Katende, 
A.B.,  Ssegawa,  P.  &  Birnie,  A.,  1999;  Leung, 
W.-T.W.,  Busson,  F.  &  Jardin,  C,  1968;  Mad- 
husoo<lannn  K.J  &  Pal.  M.,  1981;  Marshall, 
F.,  2001;  Sammour,  R.H.  et  al,  1993, 

Sources  of  illustration  Hegi.  G.,  1979b; 
Townsend,  CC,  1985, 

Authors  P.M.  Maundu  &  G.J.H.  Grubben 


Amaranthus  htpochondriacus  L. 

Protologue  Sp.  pi.  2:  991  (1753). 
Family  Amaranth  aceae 
Chromosome  number  2ii  -  'VI  'M 
Syuouyms  Aiiuiraiilhus  kybiidus  auct.  non 

L. 

Vernacular  names  Prmce's  feather  ama- 
ranth (En).  Amarante,  brede  malabar  (Fr). 
Amaranto,  bredo  (Po).  \ifchicha  (Sw). 

Origin  and  geographic  distribution  Ama- 
ranthiis  hypnchnndriarus  originates  from 
North  America,  possibly  as  a  hybrid  between 
the  north  Amm^n  wild  Amaranthus  poweUU 
S.Wats,  and  the  rultivafed  Aniaraiilhiis  crtien- 
tua  L.  Amatxjnthua  hypochoudiiacus  is  now 
widely  cultivated  woridwide,  in  tropical,  sub- 
tropical and  temperate  climates,  but  mainly  as 
a  grain  and  ornamental  en)p.  It  is  also  fnurul  m 
tropical  Africa  (e.g.  Kenya),  but  Us  e.vacl  dis- 
tribution is  unknown  because  of  confusion  with 
related  speries. 

Uses  Ainaixtiilhiis  hypochondriacua  leaves 
are  occasionally  used  as  a  potheib  and  the 
seeds  are  used  m  a  grain.  Its  use  as  a  grain 
crop  is  most  important  in  Oentrnl  and  South 
America  and  m  Asia.  The  seeds  are  used  like 
maize:  popped,  roasted  or  milled.  In  Mexico  the 
product  is  known  as  'zoale'  paste  and  'alegria' 
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cake  and  confections.  In  the  Himalayas  bread 
made  from  the  seeds  is  verj'  popular  and  the 
popularity  of  Amaranthua  hypochondriacus  as 
a  grnin  crop  m  India  is  increasing.  In  Africa  it 
is  experimentally  tried  as  a  leafy  vegetable. 
Amaranthua  hypochondriaeua  is  also  grown  as 
jin  oiii.'UiK'nl a! 

Properties  Amaranth  leaves  contain  per 
100  g  edible  portion:  water  84.0  g,  energy  176 
kJ  (42  kcal),  protein  4.(5  g,  fat  0.2  carbohy- 
drate 8.;?  R,  fibro  18  g  ('n  410  nig,  P  KXi  mp, 
Fe  8.9  mg,  ^-carotene  5716  ng»  thiamin  0.05 
mg,  riboflavin  0.42  mg,  niacin  1.2  mg,  ascorbic 
acid  fi  1  mg.  The  composition  of  the  seeds  of 
gram  amaranth  per  100  g  edible  portion  is: 
water  12.7  g.  energj-  1495  kJ  (35(5  kcal),  protein 
14.0  g,  fat  (3,0  g.  ciirl.diis  diate  1  filire  9.4 
g.  Ca  490  mg  P  155  mg  (Leung,  W.-T.W.,  Bus- 
son,  F.  &  Jardin,  C,  19ti8). 
In  Western  countries  amaranth  seed  is  reoom- 

mcndcnl  ns  n  b<Tilth  foiKi.  The  protr-in  is  chnrnr- 
terized  by  the  high  lysine  content  (3.2-18%). 
The  oil  has  antioxidant  properties.  The  stardi 
consists  mainly  of  amylopectin;  the  very  small 
starch  granules  make  grain  amaranth  an  at- 
tractive raw  material  lor  industrial  uses.  The 
significant  amount  of  squalene  (4—11%  of  the 

oil  portion)  means  that  urnin  amaranth  may 
find  a  market  niche  for  mdustrial  production  of 
products  such  as  lubricants  in  the  computer 
industry  and  in  <osmetics  and  health  foods. 

Botany  Annual  herb  fn  rt  or  less  commonly 
ascending,  up  to  2  m  tall,  often  reddish  tinted 
throughout;  stem  stout,  brandied,  angular, 
glabrous  or  sparsely  to  nioderatoly  densely 
furnished  with  multicellular  hairs.  Leaves  ar- 
ranged .spirally,  simple,  without  Stipules,  long- 
petiolale:  blade  broadly  lanceolate  tO  rhombic- 
ovnto,  2-18  cm  x  2-15  cm  ntteniinto  or  shortly 
cuneate  at  base,  obtuse  to  subacute  at  apex, 
mucronate,  entire,  glabrous  to  sparsely  pikise, 

pinnntely  veined.  Tnfloresrenre  stiff  w'wh  thick 
branches,  large  and  complex,  consistmg  of  nu- 
merous agglomerated  cymes  arranged  in  axil- 
lary and  terminal  spikes,  the  terminal  one  up 
to  46  cm  long  usually  with  many  lateral,  per- 
pendicular, thin  branches.  Flowers  unisexual, 
subsessile;  bracteoles  3^  mm  long  and  always 

longer  than  the  tepals  tepals  5  lanceolate,  1—2 
mm  long  with  one  equal  to  or  longer  than  the 
fruit,  the  other  4  shorter;  male  flowers  with  5 
stamens  <  l  mm  long;  female  flowers  with  su- 
perior 1 -colled  ovarj'  crowned  liy  ■'  thick 
spreaduig  stigma  branches  about  1.7  mm  lung. 
Fruit  an  obovoid  to  rhombic  capsule  1.5-2  mm 
long,  drcumadssile,  with  a  short  beak,  1- 


seeded.  Seed  obovoid  to  ellipsoid,  compressed, 
c.  1  mm  long,  whitish  to  yellowish  or  blackish. 
Seedling  with  epigeal  germination;  hjrpocotyl 
10-12  mm  long:  cotyledons  about  18  mm  x  6 
mm,  fleshy,  petiolate. 

Amaranthus  comprises  about  70  species,  of 

which  about  40  are  native  to  the  Americas.  It 
includes  at  least  17  species  with  edible  leaves 
and  3  grain  amaranths.  AmaranUtua  hypO' 
ehoitdriacus  belongs  to  both  categories.  Anut- 

rnnfhu.t  hypnrhotulridriis  is  part  of  the  so- 
called  Amaranthus  hybndus  complex,  a  group 
of  species  in  whidi  taxonomic  problems  are  far 
from  clarified  because  of  apparently  common 
hybridizatkm  and  nomenclatural  disorder 
caused  by  misapplication  of  names.  Several 
cultivars  of  Ainarauihus  hypochondriaeua  ex- 
ist; most  of  these  have  pale  seeds,  but  some 
have  black  seeds. 

Ecology  Amaranihua  hypochondriaeua  as  a 
vegetable  amaranth  grows  well  at  day  tem- 
peratures above  25*'C  and  night  temperatures 
not  lower  than  15"C,  but  it  is  grown  as  a  grain 
crop  up  to  2000  m  altitude  in  tiie  Himalayas. 
Shade  is  disadvantageous  o\co|it  in  cases  of 
drought.  Amaranth  is  a  quantUalive  short-day 
plant,  which  is  an  advantage  in  the  subtropics, 

where  the  conversion  to  the  generative  stage  is 
retarded  during  summer.  Amaranths  like  fer- 
tile, well-drained  soils  with  a  loose  structure. 
Hie  mineral  uptake  is  veiy  high.  Although 
Amaranthus  hypot  lif)ii<hiarus  is  fairly  tolerant 
of  adverse  cUmate  and  soil  conditions,  escapes 
growing  as  a  weed  tend  to  disappear  because 
they  cannot  comiiete  with  true  weeds  like 
Ainaranlhua  spiuoaus  L.  or  Amaraiilhua  hy- 
briduaL. 

Management  (Commercially  vegetable  ama- 
ranth is  usually  grown  as  a  sole  crop  on  beds 
It  is  also  found  m  mtercroppmg  systems  with 
food  crops  and  in  home  gardens.  There  are 
2500— ;?500  seeds.i'g.  The  common  cultivation 
practice  is  sowing  in  a  nurser;)'  at  a  seed  rate  of 
3-10  g/kn>  and  transplanting  after  2-3  weeks. 
Wet  rot  or  stemrot  caused  by  the  fungus  Cho- 
auephora  cmiirbifaniiti  is  the  main  disease  It 
IS  favoured  by  wet  conditions,  low  soil  fertility 
and  high  nitrogen  doses.  Insects  are  a  serious 
problem  for  amarantli  growers.  < "ati  rpillars 
{Spodoplera  litum,  ilelicoverpa  armigeiu,  Hy' 
menia  recurvaUa)  and  sometimes  grasBh<^per8 
are  Uie  most  harmful.  Most  commercial  ama- 
ranth growers  harvest  whole  jdants  by  uproot- 
ing 2(J-30  days  after  transplanting.  Good 
growers  normally  harvest  20-26  t/ha  (maxi- 
mum 30  tyha)  of  an  uprooted  crop  (dry  matter 
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content  16%,  cdiblo  portion  35-50%,  being  the 
totnl  of  leaves  andyoving  stems).  The  han'ested 
plants  are  bundled,  the  rootB  are  washed  and 
the  produce  is  packed  for  transport  fi>  t]\<'  mar- 
ket. In  markets  and  shops  it  is  sprinkled  with 
water  to  keep  a  firedi  appearance.  If  uprooted, 
the  ve^;etnl)l(>  can  he  kept  fresh  for  some  days 
by  putting  it  in  a  basin  with  the  roots  in  the 
water.  It  is  sold  in  bunches  or  by  weight. 

Genetic  resources  and  breeding  A  collec- 
tion of  nniarnnths  is  Uopt  nf  fhc  Rodalc  Or- 
ganic Gardening  and  Farming  liesearch  Center 
(OGFRC)  at  Kutztown,  Pomsylvania,  United 
States:  Sonth-East  Asian  acci  ssions  are  kept  at 
the  Asian  Vegetable  Research  and  Develop- 
ment C«&ter  (AVRDC)  at  Taman,  Taiwan.  Af- 
rican cultivars  and  mtroductions  from  OGFRC 
are  kept  at  the  National  Horticultural  Re- 
search Institute  (NIIR)  in  Nigeria  and  African 
cultivars  at  the  AVRDC  centre  at  Arusha,  Tan- 
zania. Indian  collections  are  maintained  at  the 
National  Bureau  of  Plant  Genetic  Resources 
(NBPGR)  in  New  Delhi,  India.  Many  national 
institutes  have  small  working  collections  of 
local  cultivars.  Evaluation  and  variability  stud- 
ies are  needed  tu  reveal  the  amount  of  exploit- 
able genetic  variation.  Breeding  otAmanmthua 

hypnchnudridnis  as  a  l<vify  \T'<ictahlr  docs  not 
occur;  all  efforts  are  directed  toward  develop- 
ment of  good  seed  cultivars. 

Prospects  AniarcuUhua  hypochnii<lnacu9  is 
only  occasionally  used  as  a  vepotJihli  its  ma- 
jor importance,  at  least  in  Anierica  and  Asia, 
will  remain  its  use  as  a  seed  crop.  To  finally 
settle  the  name  confusion,  inorc  research  is 
needed  to  unravfl  completely  the  taxunumic 
and  relational  pmblems  of  the  Amaraitthua 
hybrixitia  complex.  This  will  also  elucidate  the 
distrihiilion  and  importance  of  Amaraiilhus 
hypochoiuiriacHS  m  Africa,  which  are  unclear 
at  the  moment. 

Major  references  Costea  M.  &  Sanders.  A. 
2001;  Grubben,  G.J.H.,  1993a;  Jain,  S.K.  & 
Sutamo,  H.,  1996;  Leung,  W.-T.W.,  Busson,  P. 
&  Jardm.  C.  1968:  Leung.  W.-T.W,,  Butrum, 
R.R.  &  Chang,  F.H..  1972:  Sauer  J.D,,  1967. 

Other  references  Townsend,  C.C.,  1985. 
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Amaranthus  spinosus  L. 

Protologue  Sp.  pi  2;  991  (1753). 
Family  Amaranthaceae 
duromoaome  number  2n  =  34 
Vemaoular  names  Spiny  amaranth,  prickly 


amaranth,  spinj^  pigweed  (En).  iVmarantc  cpi- 
neuse,  epinard  malabar,  epinard  piquant  (Fr). 
Amaranto,  bredo  (Po).  Mchicha  (Sw). 

Origin  and  geographic  distribution  .Xiini- 
ranthus  spinosus  originates  probably  from  low- 
land tropical  South  and  Central  America  and 
was  introduced  into  other  warmer  parts  of  the 
world  from  about  1700  AD  onwards.  At  present 
it  occurs  in  all  tropical  and  subtropical  regions, 
includling  tropical  Africa,  often  gregariously 
and  as  a  weed.  It  is  somctimt^s  foimd  in  tem- 
perate zones  as  well,  it  is  rarely  cultivated. 

Uses  In  tropical  Africa  and  elsewhere  Ama- 
ranthus spiiiDsus  leaves  and  young  plants  are 
collected  for  home  consumption  as  a  cooked, 
steamed  or  fried  vegetable,  especially  during 
periods  of  drought.  Leaves  are  occasionally 
found  for  sale  on  markets  In  Uganda  and 
Kenya  it  commands  a  lower  price  than,  for 
example,  Amaratithus  duhms  Mart,  ex  Thell. 
hecause  of  its  spines  and  because  it  is  not 
much  liked.  Its  use  is  declining,  and  it  is  ac- 
quiring the  status  of  a  famine  food.  It  has  a 
bitter  taste  and  is  usually  eaten  in  small 
quantities  as  a  substitute  when  no  other  vege- 
tables are  available.  Ainanuilhua  spinosus  is 
also  used  as  forage  and  said  to  increase  the 

yield  of  milk  in  cattle.  However,  the  sjiincs 
can  cause  injury  to  the  mouths  of  grazmg 
animals  and  cases  of  poisoning  in  cattle  have 

also  been  reported. 

In  I'candn  the  ash  ofbumt  Aniaraitlhiis  spino- 
sus plants  IS  used  as  a  tendenzer  m  cooking 
tough  vegetables  sudi  as  oowpea  leaves  and 

pigeon  jieas  Th^'  ash  !s  also  used  as  a  vegeta- 
ble salt  and  m  southern  Africa  it  is  used  as  a 
snufi^  alone  or  with  tobacco. 
Amanuithus  apinoaua  has  ntuaerous  medicinal 
uses  The  root  is  known  as  an  effective  diuretic. 
In  South-East  Asia  a  decoction  of  the  root  is 
used  to  treat  gononfaoea  and  is  also  applied  as 
an  ommenagogue  and  antipyi-otir.  In  many 
countries,  including  those  in  Africa,  the  bruised 
leaves  are  considered  a  good  emollient  and 
applied  externally  in  cases  of  eczema,  bums, 
wounds  boils  earache  and  haemorroids.  The 
plant  ash  in  solution  is  used  tu  wash  sores. 
Plant  sap  is  used  as  an  eye  wash  to  treat  oph- 
thalmia  and  convulsions  in  children.  In  Malay- 
sia AmaranUma  apinoaua  is  used  as  an  expec- 
torant and  to  relieve  breathing  in  acute  bron- 
dlitis.  In  mainliiid  South-East  Asia,  it  is  also 
used  as  n  sudorific  febrifuge,  antidote  to  snake 
poison,  galactagogue,  and  to  treat  menor- 
riiagia.  Some  tribes  in  India  apply  AmaratUkua 
apinoaua  to  induce  abortion. 
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Properties  The  nutritional  value  of  .l/Ha- 
ranthus  apuioaus  is  comparable  to  that  of  other 
vegetable  amaranths.  Amaranthus  leaves  con- 
tain per  100  g  edible  ])ortion:  water  84.0  g,  en- 
ergy' 176  kJ  (12  kcal),  protein  1.6  g,  fat  0.2  g, 
carbohydrate  8.3  g,  fibre  1.8  g,  Ca  410  mg,  P 
103  mg  and  Fe  8.9  mg  (Leung,  W.-T.W..  Bus- 
son,  F.  &  Jardin,  C,  1968).  Cases  of  spontanea 
OU8  poisoning  in  cattle  by  Amartmthu»  ipino- 
sua  have  been  reported,  particularly  after  se- 
vere droughts  when  few  other  forages  were 
available.  It  was  suggested  that  Amaranthus 
spinoma  caused  renal  failure.  The  roots  coa- 
tiiin  r/-spinj>sterol  and  some  saponins.  Sterols, 
n-aikanes,  fatty  acids  and  free  alcohols  have 
beofi  finind  in  petroleum-^Jier  extracts  of  the 
heib.  The  flavonoid  rutin  has  been  foimd  in  the 
aboveground  parts  in  a  eoneentratiim  of  up  to 
1.9%,  and  traces  of  hydrocyanic  acid  in  the 
leaves.  The  considerable  amount  of  potassium 
in  the  leaves  might  explain  the-  riiuii  tic  proper- 
ties. A  lectin  has  been  isolated  from  the  seeds. 
Its  reaction  was  non-specific  in  general:  it  re- 
acted with  human  and  various  animal  erx  thro- 
cytes.  Its  unique  carbohydrate  specificity  will 
prove  useful  m  biochemistry. 
Antarattttuta   spinoaus   possesses   a  strong 

phagtK-ytie  effect .  Xo  nnt  ibricterial  ;icli\  ity  Ikis 
been  demonstrated,  but  crude  aqueous  extracts 
showed  ftingicidal  activity  against  Cereoapora 

cruetUa,  whidi  causes  a  lenfspot  disease  in 
mung  benn  (Vi'ffiia  nuliata  (I,.)  \\'ilc/ek)  They 
showed  antiviral  activity  against  Aujeszky 
virus  (ADV)  in  IB-R8-2  pig  cell  cultures  and 
bovine  diarrhoea  virus  (I^\'D\0  in  GBK  bovine 
cell  Imes.  The  antiviral  activity  against  BVDV, 
however,  was  lost  upon  heating  the  extract. 
Allelochemicals  have  been  isolated  and  identi- 
fied from  aerial  plant  jiarls  These  are  volatile 
aliphatic  compounds  which  inhibit  germination 
of  seeds  of  crcqps  like  carrot,  tomato  and  onion. 

Botany  .Xnnual,  erert,  monnerious  herb,  up 
to  100(-130)  cm  tall,  much  branched;  stem 
terete  or  obtusely  angular,  glabrous  or  slight  1\- 
pubescent,  green  or  variably  suffused  with 
purple.  I^eaves  alternate  simple:  stipules  al)- 
sent;  petiole  approximately  as  long  as  leaf- 
blade;  blade  ovate-lanceolate  to  rhomboid,  3.6- 
11  em  ^  1-1. n  rni  acute  and  often  slightly  de- 
current  at  base,  obtuse,  rounded  or  slightly 
retuse  and  often  short  mucronate  at  apex,  en- 
tire, glabrous  or  slightly  pubesooit  ' 
when  young.  Inflorescence  consisting  ul  (K  nsc 
clusters,  lower  ones  axillary,  higher  ones  often 
collected  in  an  axillary  and  terminal  ^ike 
which  is  often  branched  in  its  lower  part;  axil 


\ninmiitluis  spliiosiis       1,  pari  of  flnnering 
plant;  2,  male  flower  with  bracleoiea;  3,  fruit. 
Smree:  PROSEA 

lary  clusters  u.sually  armed  with  (]-)2(-3)  verj' 
sharp  spines  up  to  2  cm  long.  Flowei-s  unisex- 
ual, solitary  in  the  axil  of  a  bract,  subtended  by 
2  bracteoles;  bracts  and  bracteoles  scarious, 
mucronate  firom  a  broad  base,  shorter  or  as 
long  as  the  perianth;  male  flowers  usually  ar^ 
ranged  in  a  terminal  spike  above  the  base  of 
the  inflorescenee,  green;  tcfi.-ils  or  in  male 
llowers  often  3,  free,  subequal,  ovate-oblong  to 
oblong-spatulate,  up  to  2.6  mm  long,  veiy  con- 
vex, membranous  with  t r;)ns]^nrent  margins 
and  green  or  purple  median  band;  male  flowers 
with  5  stamens  about  as  long  as  tepals:  female 
flowers  with  superior,  oblong  ovarj',  1-celled, 
styles  ultimately  recurved.  Fruit  an  ob- 

long capsule  with  persisting  styles,  circumscis- 
sile  a  little  below  the  middle  or  indehiscent,  1- 
seeded.  Seed  about  1  mm  in  diameter  shiny 
black  or  brownish-black  with  thin  margin. 
Seedling  with  epigeal  germination;  cotyledons 
li  afy,  glabrous,  apex  rounded  to  sliulit  l\  acute; 
hypocotyl  up  to  12  mm  long,  epicotyl  absent. 
AmaixnUhus  comprises  about  70  species,  of 
which  about  40  are  native  to  the  Americas.  It 
includes  at  least  17  q>ecie8  with  edible  leaves. 
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It  is  almost  impossible  to  make  a  distinction 
between  AmaraiUhus  spiiwsiis  and  AmaixiH- 
thus  (III  hill  s  Mart,  ex  ThelL  based  on  morpho- 
lntiif;il  iliaiiU'tt-rs:  AniannifJnin  sf>itiosus  has 
axillary  spmes  which  ai-e  not  pi-esent  in  Ama- 
ranihua  dubim.  However,  spineless  Amanm- 
ihua  apmoaua  plants  with  2/t  =  34  have  Ix  on 
observed  in  several  localities.  In  Nigeria  an 
Amaranthua  dubuu  plant  with  2n  =  32  has 
been  recorded;  this  might  be  a  Spind,e8s  Anio- 
rniiiJni.i  spiiio.sus.  Other  more  nr  less  n  linblc 
differences  are  the  greater  number  ol  terminal 
male  flowers  in  the  infloresoenoes  of  Amaran- 
thus  apinomia  and  the  smaller  pores  of  the  p<A- 
lai. 

Seeds  mature  about  one  month  after  flowering. 
They  are  scattered  around  the  mother  plants  or 
distributed  by  animals  feeding  on  the  plants.  It 
has  been  observed  that  large  numbers  uf  seed- 
lings emerge  from  decajring  cattle  faecal  depos- 
its. Seeds  :^ro  f.itcn  by  birds. 

Ecology  AmamiUhus  »pino$U9  is  adapted  to 
a  wide  range  of  dimatic  and  edaphic  factors.  It 
grows  best  in  the  sun  or  in  light  shade:  a  light 
intensity  of  less  than  30%  eompletely  sup- 
presses flowering.  Flowering  is  earliest  and 
most  abundant  in  areas  with  daylengths  of  1 1— 
12  hours.  Spiny  nmnranib  is  nil rophilr^iis  and 
prefers  soils  with  a  high  organic  matter  con- 
tent, but  is  also  able  to  grow  on  sandy  soils. 
Optimal  growth  is  obtained  on  soils  with  mod- 
erate moisture  rontent  but  Amarnnlhus  spivn- 
sus  is  capable  of  growmg  on  wet  soils  as  well.  It 
is  drought-resistant  and  can  even  grow  under 
arid  condit  imis 

Spiny  amaranth  is  a  very  noxious  weed  in 
many  parts  of  the  world.  It  is,  for  instance, 
troublesome  in  maize,  cassava  and  groundnut 
in  f'rhnna,  in  cotton  in  Mozambique,  and  in 
sugar  cane  in  South  Africa.  In  general,  it  is 
very  common  in  roadirides^  waste  places,  rail- 
w  ny  yards  nopped  land  and  gardens,  up  to 
1100  m  altitude. 

Management  Amaranthus  spinoma  is  prop- 
agated by  seed,  Some  types  are  known  to  pro- 
duce 235.000  seeds  per  plant  The  weight  of 
1000  seeds  is  140—250  mg.  Freshly  collected 
seeds  may  germinate  at  temperatures  as  high 
as  40*'C.  with  a  germination  rate  of  up  to  95%. 
After  storage,  however,  temperature  require- 
ments are  lower.  Seeds  stored  for  one  month  at 
room  temperature  have  almost  100%  germina- 
tion, and  after  5  months  they  have  approxi- 
mately 90%  germination.  When  they  are  stored 
for  one  year  at  20"C  the  germination  rate  will 
drop  to  about  60%,  but  storage  at  lower  tem- 


peratures gives  a  higher  rate.  Seedlings  often 
exhibit  a  high  degree  of  mortality.  For  use  as  a 
vegetable,  the  plants  are  mostly  collected  while 
still  younu  before  the  spines  have  hardened 
As  a  weed  in  tomato  in  India,  spmy  amaranth 
has  been  successfully  controlled  by  the  apphca- 
tion  of  geraniol.  which  completely  blinked  the 
germination  of  the  weed  without  att'ecting  the 
tomato  crop.  An  ethanolic  extract  of  seeds  of 
Coffeu  arahica  L.  (with  1,3,7-trimethylxanthine 
as  arti\<-  ingredient)  at  a  concentration  of  1.2 
g/1,  completely  uihibited  germination  of  spiny 
amaranth  in  a  crop  of  black  gram  (Vigna 
wuiiga  (L  )  Hopper)  without  negative  effects  to 
this  pulse  crop. 

Amaranthua  ^moaua  is  a  host  plant  for, 
among  others,  tobacco  mosaic  virus,  groundnut 
rosette  virus,  cucumber  mosaie  virus  and  root- 
knot  nematodes  (MeluiJogyiie  spp.),  which  at- 
tack some  commercial  crops.  When  the  world's 

worst  weeds  are  ranked  on  the  basis  of  the 
number  of  pests  hosted  Ainainnfhus  apiaoma 
is  placed  number  6,  hosting  l-">  i>e.st8  that  may 
affect  crops.  Some  insects  attaeking  Aiiiamn- 
tints  spiiiusns  have  been  rerorded  fmni  Me.\ic-o: 
the  pyralid  Herpelugramina  bipuncfulis  and 
the  cureulionid  Coftoiraehebia  aenieulua.  These 
might  be  useful  f'  r  bi:>li-::ie:d  unii-i  'l 

Genetic  resources  and  breeding  The  ge- 
netic variability  of  Amaranthua  apinosua  is 
great  because  of  its  ln  u'i  area  of  distribution 
and  its  wide  ecological  adaptation.  A  collection 
of  amaranths  is  kept  at  the  Rodale  Organic 
Gardening  and  Farming  Research  Center 
(OGFRf)  at  Kutztf)wn,  Peiuisylvania.  I'nited 
States;  Suuth-East  Asian  accessions  are  kept  at 
the  Asian  Vegetable  Researdi  and  Develop- 
ment Center  (AWDC)  at  Tainan,  Taiwan.  .Af- 
rican ndtivars  and  introdiirtions  from  n(  IFRC 
are  kept  at  the  iNational  Horticultural  Re- 
search Institute  (NHR)  in  Nigeria  and  African 
cultivars  at  the  WTiDC  centre  nt  .\nishn  Tan- 
zania. Indian  collections  are  kept  at  the  Na- 
tional Bureau  of  Plant  Genetic  Resources 
(NBPGR),  New  Delhi,  India.  Many  national 
institutes  have  small  working  collections  of 
local  cultivars.  F\  alualion  and  vanabdily  stud- 
ies are  needed  to  reveal  the  amount  of  exploit- 
able <;i'n<'t ic  \-nri,'if  ion. 

Prospects  Despite  the  reputed  high  nutri- 
ti<mal  value  of  the  leaves,  Atnaranthua  spuio- 
SIM  most  probably  will  remain  a  famine  vege- 
table and  forage  because  of  the  rather  poor 
taste  and  the  spines.  The  medicinal  properties 
of  Amaranthua  spinoaua  have  received  little 
attention.  The  diuretic  and  anti-inflammatoiy 


AMARANTHUS  83 


propcrtirs  in  particular  dcsor\^o  more  research, 
as  these  properties  ore  valued  in  many  differ- 
ent regions  of  the  world. 
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AMARANTHUS  THUNBERGII  Moq. 

Protologue  DC  Frodr.  13(2):  262  (1849). 
Family  Am;ir;inlhiic<':io 

Vernacular  names  Wild  amaranth,  wdd 
apinacfa,  pigweed  (En).  Amarante  sauvage 
(Fr).Araaranto,  brorlo  (Vo).  Mchidia  (Sw) 

Origin  and  geographic  distilbution  Aina- 
ranthus  tkunbergii  is  native  to  Central,  East 
and  southern  Africa  where  it  has  been  re- 
corded  as  a  wt  td  in  many  countries  from 
Congo  east  to  Eritrea  and  Somalia,  and  south 
to  South  Africa.  It  has  been  introduced  as  weed 
into  Australia  and  B^urope,  probably  with 
sheep. 

Uses  The  main  use  of  Amanmtiiua  thunber- 
gU  is  as  a  collected  potheib.  In  Botswana  it  is  a 
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popular  leaf  vegetable  eaten  fresh  or  dried;  it  i.s 
eaten  with  milk  or  fat  in  combinations  with 
sorghum  or  maize.  In  Nainiina  it  is  eaten  with 
a  pori  idt;''  i>f  ("'ai  l  millet  The  leaves  are  rather 
bitter  when  compared  to  other  amaranth  spe- 
cies. It  is  a  popular  vegetable  also  among  the 
Asian  population  livint;  in  South  AtVii'a,  It  is 
used  as  a  fodder  for  livestock.  In  Zimbabwe  the 
ground  and  dried  flower  heads  are  used  to 
make  tobacco  snuff  milder. 

Production  and  international  trade  Aina- 
ranlhua  thunbergii  is  not  commercially  culti- 
vated. It  is  occasionally  sold  at  marifets  in  Bot- 
sw  ana  ami  N  iituliia  as  a  clirap  \egetable. 

Properties  The  composition  of  AinaFcaithu* 
timnbtr^  leaves  is  comparable  to  that  of  othw 
amaranths.  Leaves  of  amaranths  contain  on 
average  per  100  ^  tnlible  portion:  water  84  0  g 
energy  17G  kJ  (42  kcal),  protein  4.Cj  g,  fat  0.2  g, 
carbdiydrate  8.3  g,  fibre  1.8  g,  Ca  410  mg,  P 
10.'^  inp  Fe  8.n  mp  P-carofene  .tTU!  (jr  thiamin 
0.05  mg,  riboflavin  0.42  mg,  niacin  1.2  mg, 
ascoifoic  add  64  mg  (Leung,  W.-T.W.,  Busson, 
P.  &  Jardin,  C,  1968).  The  leaves  and  stems 
contain  nitrate.  mr><t  in  the  stems  and  also 
oxalate  at  a  level  comparable  to  other  green 
leaf  vegetables.  Most  people  cook  amaranth  in 

nrnjile  water  and  the  cooking  water  with  solu- 
ble nitrate  and  oxalate  is  thrown  away.  To  re- 
duce bitterness  the  leaves  may  also  be  cooked 
twice.  The  presence  of  a  rather  high  content  of 
hydrocyanic  acid  and  oxalic  acid  makes  it  less 
suitable  for  fresh  consumption  by  humans  and 
as  fodder  for  animals.  However,  in  a  test  with 

sheep  nn  tuxir  I'lToc-ts  of  Inrt,"-  rations  of  AmO- 
ranllius  tliunbergii  were  found. 

Adulterations  and  anbstttutes  In  dishes 
with  pn*en  leafy  vegetables  or  potherbs,  Amo- 
rnnihiis  ihinihcrffii  may  be  replaced  by  any 
other  vegetable  amaranth. 

Description  Small  annual  herb  up  to  t(6  cm 

tall,  erort  <ir  ascending;  simple  or  branched 
from  the  base  and  fre<|uently  also  above;  stem 
and  brandies  stout,  angular,  glabrous  or  thinly 
haiiy  below,  upwards  increasingly  furnished 
with  long,  crisped,  multicellular  rather  floc-cu- 
lenl  hairs.  Leaves  arranged  spirally,  simple, 
without  stipules;  petiole  up  to  4  cm  long,  some- 
times lonper  fh.an  lamina:  lamina  narrowly 
elliptical  to  rhomboid  or  spatulate,  (0.5-)1.5- 
4.5(-6)  cm  X  (0.5-)l-3(-4)  cm,  cuneate  to  at- 
tenuate at  base,  blunt  or  retuse  at  apex,  entire, 
glabrous  or  thinly  pilose  on  the  lower  surface  of 
the  primaiy  venation,  sometimes  with  a  dark 
purple  blotdi.  Inflorescence  an  axillary  duster 
up  to  1.5  cm  in  diameter,  with  male  and  female 
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flowers  intormixed  but  male  flowers  most  fre- 
quent at  the  top  of  upper  clusters;  bracts  up  to 
6  mm  long,  with  long  awn.  Flowers  uninexual, 
subsessile.  with  3  topals  up  to  6  mm  lon^.  hav- 
ing a  long,  tine  awn;  male  flowers  with  3  sta- 
mens; female  flowers  with  superior,  1 -celled 
ovarj'  crowned  by  3  stigmas.  Fruit  an  ovoid- 
ellipsoid  to  pynlbrm  capsule  up  to  3.5  mm  long, 
with  a  short  beak  below  the  stigmas,  circum- 
scissile,  obscurely  wrinkli  I  1-  i  i  .1.  <I.  Seed  1- 
1.0  mm  long,  shining  black  or  dark  brown,  fee- 
bly reticulate. 

OilieT  botanical  informatioii  Amtmmthua 
comprises  about  70  species,  of  which  about  40 
are  native  to  the  Americas.  It  counts  at  least  17 
species  with  edible  leaves.  Amaranthua  ihun- 
bergii  resembles  Amaranlhus  graecizans  L., 
but  may  be  distinguished  by  its  stems  fur- 
nished with  long  crisped  hairs,  leaves  broadest 
above  the  middle  and  having  a  rounded  top, 

and  by  the  lonp  ;iwn  of  the  fcpnls 

Growth  and  development  Emergence  of 
the  seedling  takes  place  3^  days  after  sowing. 
The  vegetative  developmoit  is  fast.  Like  maize 
and  sugar  cane,  the  genus  Ainarfnitlitts  is 
characterized  by  the  Ci-cycle  photosynthelic 
pathway,  which  means  a  high  photosynthesis 
at  hiph  tcmpt  rature  and  radiation.  Flowering 
may  start  4-8  weeks  after  sowing  and  occurs 
from  Fd>ruaiy  to  May  in  southern  Africa.  The 
growth  of  new  shoots  continues  after  the  start 
of  flnworinc  Pollination  is  effected  by  wind  but 
the  abundant  pollen  production  causes  a  high 
rate  of  self-pollination.  Seeds  mature  after  1—2 
months. 

Ecology  AmaixiiUhua  Ihunbergii  ocrurs  on 
waste  places,  as  a  weed  on  cultivated  ground, 
ui  nssland  and  rocky  soil,  mostly  in  arid  high- 
land areas.  Tn  Botswana  it  prows  on  various 
soil  types  under  a  wide  range  of  environmental 
olMiditkas,  but  is  most  fire<iuently  found  in  sea- 
sonally wet  localities,  e.g.  along  waf erroiirsrs. 
Amaixinthus  Ihunbergii  is  very  resistant  to 
adverse  climate  and  soil  conditions. 

Propagation  and  planting  The  seed  is 
scattered  and  gives  rise  to  spontaneous  new 
plants.  It  is  also  spread  with  cow  dung,  and 
may  remain  viable  in  the  soil  for  many  years. 
It  germinates  at  the  surface  or  in  the  upper  soil 
layer  of  less  than  3  cm. 

Management  Where  Amaranthus  thmiber' 
gii  is  appreciated  as  a  vegetable.  si  li  <ti\ r 
weeding  may  be  applied  by  i-emoval  of  M]  other 
weed  plants.  Cultivation  of  Amaranthus  ihun- 
bei^  is  only  occasionally  recorded,  e.g.  in  Bot- 
swana, where  its  cultivatifxi  during  the  dry 


season  is  being  tested.  Presumably  cultivation 
is  relatively  easy:  the  same  technology  as  for 
AiiKiianthus  blitum  L.  may  be  applied.  Chioe 
that  the  plant  is  established,  it  is  self-seeding 

Diseases  and  pests  Although  data  are  lack- 
ing, Amarmithiia  thuHbergii  seems  to  be  very 

tough  and  ic-i-tant  to  pi'sts  and  diseases. 

Harvesting  Young  plants  and  young  tender 
shoots  are  picked  as  a  vegetable.  People  start 
to  collect  the  young  shoots  three  weeks  ;\i\cr 
the  rains  have  started.  Repealed  harvesting 
stimulates  the  growth  of  new  shoots. 

Handling  after  harvest  If  collected  for  the 
market,  shoots  and  leaves  are  often  sprinkled 
with  water  to  keep  a  iresh  appearance.  In  Na- 
mibia, the  leaves  are  boiled  and  prepared  in 
flattened  cakes  that  are  sun-dried  for  use  dur- 
ing the  di\  senson. 

Genetic  resources  Amuiaiithus  lliunhergii 
is  widespread  and  usually  occurs  in  disturbed 

habitats  and  thus  does  not  sr-tnii  to  bo  thr(  ;it- 
ened  by  genetic  erosion.  It  is  not  included  m 
germplasm  collections. 

Prospects  Amaranthus  ihunbergii  is  a  tasty 
and  nutritious  traditional  wild  vegetable.  The 
prospects  for  domestication  and  cultivation  as 
vegetable  are  poor  because  it  would  have  to 

compete  with  more  [jojudar  \-ep(  labIe  .-ima- 
ranths.  In  breeding  ul  cultivated  amaranths 
AmaranUtua  Ihunbergii  might  be  used  as  geni- 
tor  of  resistance  genes. 
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Amaranthus  tricolor  L. 

Protologae  Sp.  pi.  2: 989  (1753). 
Family  Amaranth  aceae 

Chromosome  number  2/i  =  :i  I 

Synonyms  Aiiiaraiillius  tnatiii  L.  (1753), 
Amaranrthua  gang^ieus'L.  (1769). 

Vernacular  names  .\maranth  Joseph's 
coat  (En).  Amarante,  brede  de  Malabar  (Fr). 
Amaranto,  bredo  (Po).  Mdiic^a  ($w). 

Origin  and  geogw^hic  distribution  Aina- 
raiilhtis  tricninr  originates  tVom  tropical  Asia, 
in  South  and  South-East  Asia  it  is  one  of  the 
major  leaf  vegetables  and  the  most  important 
Amaranthua  cpedes.  Its  domestication  took 
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Amaraiithua  tricolor  -  planted 

place  in  prehistoric  times  and  the  wild  ancestor 

is  not  known  Wrody  plnnls  of  Aiiiaiaifthiis 
tricolor  can  be  found  occasionally.  They  are 
recently  escaped  from  cultivation,  since  Ama- 
rcaithus  In'eolor  is  iar  from  competitive  with 
true  weeds,  Aniuranthiis  tricolor  occurs  as  a 
quite  rare  exutic  vegetable  in  several  African 
countries,  apparently  introduced  by  Indian 
immiprnnls  and  occasidnnlly  cullivnlod  .irnund 
the  big  cities,  especially  in  East  and  southern 
Africa.  Tts  cultivation  has  been  r^rted  from 
Benin  Xiu'(M-i!i,  Konya  nnd  Tanzania. 

Uses  Aiiinraiifhtis  tricolor  is  usod  as  n 
cooked  leaf  vegetable.  In  Asian  count mes  it  is 
oocasionally  eaten  raw  in  salads;  the  soft  stems 
are  eaten  lik<>  asi>ar!i»us  in  India  Fnrms  with 
bright  red  and  red,  yellow  and  green-coloured 
leaves  are  grown  throughout  the  world  as  or- 
namentals. Medicinally  AntaratUhus  tricolor  is 
used  oxtoninlly  to  treat  inflammations,  and 
internally  as  a  diuretic. 

Prodwitkm  and  iatenuitioiial  tnde  In 
spito  of  its  importance  in  Asia  no  production 
statistics  on  Amaranthua  tricolor  are  available, 
as  in  most  cases  all  leaf  vegetables  are  treated 
as  one  commodity  and  probablj'  also  because  it 
is  mainly  grown  on  small  plots  In  Africa  Aiiia- 
raiilhus  tricolor  is  grown  on  a  limited  scale  in 
home  gardens  or  as  a  commercial  vegetable, 

but      is  1  if  little  economic  <iLrnincrincT\ 

Properties  The  composition  of  Amaranlhua 
tricolor  leaves  is  comparable  to  that  of  other 
amaranths  such  as  Amatxinlhus  cnienlus  L. 
Although  the  ffcneral  drj-  matter  content  is 
high  (9-22%),  the  tenderness  of  Amaranilnis 
tricolor  is  reflected  in  its  composition  by  a 
lower  dry  matter  and  lower  fibre  oontait  than 


in  other  Ainaraiithiis  species.  The  moisture 
content  and  composition  show  large  variations 
as  a  function  of  plant  age,  ecological  conditions 
and  cultural  ])ractices  such  as  fertilizing,'.  Ama- 
ranth leaves  contain  per  100  g  edible  propor- 
tion (89%):  water  88.9  g,  energy  75  kJ  (18  kcal), 
protein  3.5  fat  0.3  g.  carbohydrate  0,3  g  die- 
tary fibre  2.(3  g.  Ca  270  mg,  Mg  130  mg,  P  66 
mg,  Fe  3.0  mg,  carotene  1725  ^g,  thiamin  0.07 
mg,  riboflavin  0.22  mg,  niac  in  0.7  mg,  folate  86 
HP  ascorbic  acid  42  mg  (f.cung,  W  -T.W.,  Fius- 
son,  F.  &  Jardin,  C,  1968).  The  protein  content 
of  the  leaves  (20-38%  based  on  diy  matter)  is 
high  and  nuludes  methionine  and  other  sul- 
phur-containing amino  acids.  The  content  of 
essantial  micronutriaats,  especially  calcium, 
iron,  carotene,  folate  and  vitamin  C.  is  high  in 
tximparison  with  other  vegetables  The  calcium 
occurs  partly  as  insoluble  oxalate,  which  is  not 
taken  up  in  the  digestive  tract.  The  bioavail- 
abilitj-  of  the  iron  is  0-12%  The  leaves  easily 
become  soft,  after  6-10  m  mutes  cooking  in 
Ughtly  salted  water.  Some  iyi>cs  contain  much 
anthocyane,  a  brilliant  red  pigment  that  dis- 
solves in  the  cooking  water  which  is  poured 
off.  The  leaves  and  stems  contain  the  antinu- 
trients  nitrate  (most  in  the  stems)  and  oxalate, 
but  ;id\i  rsc  niitritionni  (effects  arc  not  likely 
with  consumption  of  up  to  200  g  per  day.  More- 
over cookmg  in  ample  water  removes  toxic 
components.  The  rather  hitrh  r  ntent  of  hydro- 
cj'nnic  acid  and  oxalic  acid  makes  it  less  suit- 
able for  fi'esh  consumption  by  humans  and  is  a 
limiting  factor  for  the  use  as  fodder  for  ani- 
mals. However,  unlike  <ither  Ainur(t)tthus  spe- 
cies, Ainaranthus  tricolor  is  sometimes  con- 
sumed raw  as  a  salad. 

Adulterations  and  substitutes  In  dishes 
with  green  leafy  vegetables  or  pot  herbs  Ama- 
ranlhua tricolor  can  be  replaced  by  Antarau' 
thtts  eruentus  or  other  amaranths. 

Description  .Ascending  or  rj-cct  annual  herb 
up  to  125  cm  tall,  with  stout  stem,  usually 
much  brandied;  stem  and  brandies  angular, 
glabrous  or  in  tiie  upper  part  with  crisped 
hairs.  Leaves  arranged  spirally,  simple,  with- 
out stipules;  petiole  up  to  8  cm  lung;  lamina 
broadly  ovate,  ihomboid-ovate  or  broadly  ellip- 
ticnl  to  lanceolnte-oblong  very  variable  in  size, 
shortl}'  cuneate  to  attenuate  at  base,  emargi- 
nate  to  obtuse  or  acute  at  apex,  glabrous  or 
thinly  pilose  on  lower  surface  <^ primary  vena- 
tion green  to  reddish.  Inflorescence  an  axil- 
lary, globose  cluster  up  to  2.5  cm  in  diameter, 
the  upper  clusters  sometimes  forming  a  termi- 
nal spike,  with  male  and  female  flowers  in- 
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Amaranthua  f  rteotor  -  /,  flowering  and  fruiting 

shnot:  2.  fruit. 

Redrauii  and  adapted  by  IshaJi  Syainsudiu 

termixed;  bracts  broadly  ovate,  about  ns  long 
as  topnls,  nwnoH.  Flnwors  iinisoxunl  suhsos- 
sile,  with  3  tepals  up  to  5  mm  long,  huvmg  a 
long  awn;  male  flowers  with  3  stamens;  female 
flowers  with  siii>erior.  l-relled  ovaiy  crownrd 
by  3  stigmas.  Fruit  an  ovoid-uroeolate  capsule 
up  to  3  mm  long,  with  a  short  beak  below  the 
stigmas,  t  ircumsc-issih*.  olisiun  ly  wrinkled,  1- 
seedeH  Sord  1-15  mm  long,  shining  black  or 
brown,  famtly  reticulate. 

Other  botanical  infoxmatioii  Amaranthus 
cnmpriso.^  about  70  sprrjos,  of  which  about  40 
are  native  to  the  Americas.  It  includes  at  least 
17  species  with  edible  leaves. 

Growth  and  development  Emergence  of 
the  sot-dhnK  takes  piaw  Tt-f)  dji>  s  .tftiT  sowint; 
Vegetative  development  is  last.  Like  maize  and 
sugar  cane,  Amcurmthus  is  characterized  by 

the  (""i-ryrle  iibnttwynlhct  ic  ]i;ifhwny,  which 
means  a  high  photosynthesis  at  high  tempera- 
ture and  radiation.  Flowering  may  start  4-8 
weeks  jifter  si  wn.j  I  i  I Iiri:ii n in  is  effected  by 
wind  but  the  abundiint  I'lillen  production 
causes  a  high  rate  of  selt-pollination.  The  first 
seeds  mature  about  6  wedcs  after  sowing.  The 
plant  becomes  s^escent  and  stops  growing 


after  about  4  months,  and  subsequently  dies. 
With  repeated  picking.  Amaranthus  tricolor 
plants  may  bei  nme  some  months  older. 

Ecology  Weedy  phmts  of  AiiKtruntliiin  tri- 
color can  be  found  occasionally  on  cultivated 
land,  flood  plains,  roadsides  and  wasteland. 
Vegetable  amaranths,  including  Ainaranthits 
tricolor,  grow  well  at  day  temperatures  above 
25°C  and  night  temperatures  not  lower  than 
\o°C.  Shade  is  disadvantageous  excc>pt  in  cases 
of  di-ouphf  stress  Aitiarniifhiis  Irirnlor  is  a 
vegetable  suited  for  cultivation  in  the  tropics 
from  sea  level  up  to  1000  m  altitude  and  in 
subtropical  areas  and  w.irm  tempeiiite  areas 
during  the  summer.  It  shows  a  quantitative 
short-day  reaction,  but  the  daylength  reaction 
is  not  strong.  In  India.  Amatxmthus  tricolor  is 
known  as  a  plant  shmvinsi  a  qualitative  short- 
day  reaction,  requiring  15  hours  or  less  daily 
Ught  for  induction  of  flowering. 

Amaranths  like  fertile-  well-drained  soils  with 
a  loose  structure;  on  poor  soils  only  modest 
crops  can  be  produced.  The  mineral  uptake  is 
very  high. 

Propagation  and  planting.  The  seed- 
weight  of  Amaranthus  tricolor  is  1200-2900 
seeda/g.  Growers  spare  a  few  vigorous  plants  at 

harvest  for  seed  production.  Market  seed  pro- 
duction fields  yield  300-600  kg  seed  per  ha  in  a 
five-month  period.  For  comm^^cial  seed  pro- 
duction an  isolation  di.stance  of  200  m  should 
be  respected  In  home  gardens  scattered  seed  of 
flowering  plants  gives  rise  to  new  plants,  Ger- 
mination is  stimulated  by  daikness.  The  seed 
may  be  mixed  with  sand  for  easier  shwhil;  The 
common  practice  is  to  sow  du-ectly,  broadcast 
or  in  rows  with  10-20  cm  between  the  rows, 
with  a  seed  rate  of  2-6  g/m^.  I'nlike  for  Ama- 
raiUhtis  rniPittu.i  and  Aiiiarnnlhiis  dubius 
Mart,  ex  Thell.,  sowing  m  a  seedbed  and  trans- 
planting is  not  recommended,  the  plantlets 
being  too  weak.  .\itinratitJ)iis  tricolor  is  nor- 
mally grown  as  a  sole  crop  on  beds.  It  is  also 
found  in  intercropping  systems  with  food  crops 
and  in  home  gardens. 

Management  Amaniii tints  tricolor  is  fast 
grow  ing,  albeit  less  so  than  the  more  commonly 
cultivated  Amaranthua  eruentus  and  Anutran- 

tliiis  (Iiiliins.  W'l  i'ds  such  ns  pigweed  (PoHii- 
laca)  or  nut  grass  {Cypema  roiundus  L.)  may 
be  troublesome.  If  rainfall  is  not  sufficient, 
irrigation  by  sprinkling  should  be  di  ni  before 
the  plants  start  wilting.  Amnmnthti.-i  tricolor  is 
much  more  susceptible  to  drought  than  other 
vegetable  amaranths.  Watering  every  day  with 
6  mm  (6  lAn^  is  suffidoit.  Water  shortage 
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causes  early  flowering,  which  reduces  the  3'icld 
and  the  market  quaUty.  Amaranth  is  a  verj' 
high  consumer  of  minerals.  The  mineral  up- 
take of  a  crop  yielding  15  t/lia  is  about  75  kg  N, 
15  kg  P,  150  kg  K.  15  kg  Ca  and  25  kg  Mg. 
Larger  quantities  of  N  cmd  K  are  easity  ab- 
sorbed as  luxury  uptake  if  these  elements  are 
abundant.  Amaranth  responds  to  high  rates  of 
organic  fertilizer.  Tn  some  plat  es  i)  in  grown  on 

lame  quant  ides  (up  to  50  t/ha  i  I  I  most  fresh 
town  refuse,  whirh  fulfilsi  its  m  cii  Idt  minerals. 
On  poor  soils,  the  application  of  25U  kg/ha  of 
NPK  10-10-20  in  addition  to  25  t  of  organic 
manure  is  recommended.  A  split  application  is 
recommended  during  the  ramy  season.  Re- 
sponse to  nitrate-N  la  bett^  than  to  ammo- 
nium-N.  Amaranth  does  not  need  to  be  rotated 
with  othvr  crops  since  no  serious  soilbome  dis- 
eases have  been  observed. 
Diseases  and  peata  In  general  Anumtnthus 

frirnlnr  is  more  susceptible  tn  prsis  and  ibs- 
eases  than  the  sturdier  Aiiiamnlhus  cmeitlus. 
The  main  disease  is  stemrot  caused  by  the  fun- 
gus Choanephora  cucurbitarum.  A  wider  spac- 
ing may  reduce  the  rate  of  infection.  Damping- 
off  caused  by  I'ylhiuiii  and  Rliizoclonia  may  be 
serious  in  seedlings.  It  is  controlled  by  good 

drainage.  Over-dense  sowing  .-hould  be 
avoided.  Fungicides  such  as  dilhiucarbamates 
have  some  effect.  Some  cultivars  are  quite  re- 
sistant. In  India  white  rust  {Albugo  bliii)  is 
sometime.';  serious.  In  Brazil  a  serious  leaf  and 
stem  blight  caused  by  Phomopsis  amarantho- 
phila  occurs.  No  virus  diseases  have  been  re- 
ported. 

Insects  are  a  more  serious  problem  for  ama- 
ranth growers.  Caterpillars  (Hymenia  recur- 
l  alis,  Spodoptera  liiura,  Hdiothia  annigera) 
and  sometimes  grasshoppers  are  the  most 
harmful  pests.  The  larvae  of  the  stem  borer 
Lixu9  truneatultt$  may  cause  much  damage, 
sometimes  already  in  ttie  seedling  stage.  The 
basal  part  of  the  plant  containing  the  pupae 
swells  and  the  plant  growth  is  much  retarded. 
Many  other  nisects  such  as  aphids,  leaf  miners, 
stinkliugs.  inole  cric-kets  and  mites  attack  ama- 
ranth but  generally  cause  only  minor  damage. 
Commercial  growers  now  spray  insecticides 
instead  nf  using  the  traditional  control  method 
of  spreading  wood  ash  to  dispel  insects.  Ama- 
ranth is  not  very  susceptible  to  nematode  at- 
tack. 

Harvesting  Commercial  growers  harvest  by 
uprooting  or  by  cuttuig  at  ground  level.  This 
once-over  harvest  may  be  done  3-4  weeks  after 
sowing.  Some  growers  obtain  a  second  harvest 


3  weeks  later  from  the  regrowth  of  the  smallest 
plants.  Repeated  cutting  (ratooning)  is  some- 
times practised  too;  the  first  cutting  about  one 
month  after  transplanting,  and  then  every  2—3 
weeks  for  a  period  of  one  to  two  months.  A«ia- 
ranthua  tricolor  is  less  suited  to  ratooning  than 
other  aninranth  species. 

Yield  A  commercial  grower  may  harvests  1— 
1.6  kg/m^of  an  uprooted  crop  (dry  matter  con- 
tent 12%,  edible  portion  7()-«()%)  The  first 
cutting  of  a  rafooned  crop  yields  about  1.0—1.2 
kg/m-  (edible  portion  70^0%),  successive  cut- 
tings 1-1.5  kg/m^.  Ckmtinuous  cropping  may 
yield  up  to  20  kg/m^  maricetable  product  per 
year. 

Hiiii^HMg  after  harvest  Harvested  plants 

or  shoots  are  bundled,  the  roots  are  washed, 
and  the  produce  is  packed  for  transport  to  the 
market.  In  markets  and  shops,  it  is  sprinkled 
with  water  to  keep  a  fresh  appearance.  If  up- 
rooted, the  vegetable  can  be  kept  fresh  for  SOme 

days  by  putting  it  in  a  basin  with  the  roots  in 
the  water.  Amaranth  is  sold  per  bunch  or  by 

\s  eight. 

Genetic  resources  Aniaranthus  tricolor  is 
present  m  Ainarantlius  collections  at  the  Na- 
tional Bureau  of  Plant  Genetic  Resources 
(NBPHR)  New  Delhi  (Inrlia),  at  the  Rndale 
Organic  Gardening  and  Farming  Research 
Center  (OGFR),  Kutztown,  United  States,  and 
at  the  .Asian  Vegetable  Research  and  Develop- 
ment Center  (.W  RDC)  at  Tainan  Taiwan. 
Many  national  research  institutes  m  Asia  have 
working  collections  of  local  cultivars.  In  Africa 
Aiixirmitlnis  Irii'dlor  is  only  occasionally  culti- 
vated, and  the  genetic  diversity  is  unclear. 

Breeding  There  are  many  local  tjrpes  and 
cultivars  o{  Ainaranthus  tricolor.  They  are  dis- 
tingxiished  from  each  other  by  plant  habit  and 
characters  such  as  leaf  form,  lea^stem  ratio, 
growth  vigour,  resistance  to  fungal  diseases, 
photosensitivety  succulence  and  taste.  Most 
cultivars  are  dark  green,  othei  s  are  pale  green, 
some  have  a  large  brown-red  spot  of  antho- 
cyane  in  the  centre  of  the  leaf  blade  others  are 
completely  purple  Breeding  work  h;i-j  lieen 
performed  e.g.  in  Indonesia,  India,  Thailand 
and  Taiwan.  Many  commercial  cultivars  are 
available  in  South  and  South-East  .Asian  coun- 
tries, e.g.  lix>m  East-West  Seed  Company  in 
Indonesia  and  Thailand.  Cultivar  'Tampala'  is 
adapted  to  cultivation  in  southern  United 
States,  cultivar  Lai  Sag'  is  popular  in  India. 
Several  productive  commercial  cultivars  were 
devel<^>ed  at  Tamil  Nadu  Agricultural  Univer- 
eily,  Coimbatore,  India.  Some  cultivars  are 
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more  suited  for  pulling,  others  for  elipping. 
Many  cultivars  are  selected  for  a  high  (>2) 
leaCstem  ratio. 

Prospects  Aniaranlhtis  trimlnr  is  recog- 
nized as  an  easy-to-grow,  productive,  tasty  and 
nutritious  vegetable.  Research  should  focus  on 
optimization  of  cultural  practices,  especialty 
integrated  pest  management  to  avoid  pesticide 
residues,  and  on  breeding  for  disease  resis- 
tance. Heterosis  effects  in  cross<»s  b<>iwe(>n  less- 
rrlaterl  types  niny  he  exploited.  Selection  for 
low  oxalate  content  will  improve  the  nutri- 
tional availability  of  calcium,  iron  and  zinc. 
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Amaranthus  vnuDis  L. 

Protologue  Sp.  pi.  ed.  2,  2:  1405  (1763). 
Family  Amaranthaoeae 

Chromcsome  number  '2n  - 

Synonyms  AinaraiiUiua  gracilia  Oesf.  ex 
Poir.  (1810). 

Vernacular  names  (Jreen  amaranth,  local 
tete,  .\frican  spinnr-li  iVjD  ,\mnrante  verte. 
epmard  vert,  epmard  <lu  i.'ongo  (b'r).  Amaranto 
(Po).  Mdiicha  (Sw). 

Ori^n  and  geographic  distribution  Amu- 
ranthus  vii-idia  is  possibly  of  Asian  origm  but 
now  a  cosmopolitan  weed  in  the  tropical  and 
subtropical  regions  of  the  world,  also  penetrat- 
intj  far  into  temperate  ret^ions  (e.g.  in  Europe, 
North  .America,  .Asia  and  .Australia).  In  tropical 
Africa  it  is  also  a  widespread  and  common 
weed.  If  is  ocensinnnlly  cultivated  (e.g.  in  Nige- 
ria, Gabon  and  DR  Congo). 

Uses  Amaranthus  vindis  leaves  and  yoimg 
plants  (before  they  come  into  flo\\'er)  are  occa- 
sionally eaten  as  a  cooked  vegetable.  The  plant 
is  also  a  good  cattle  fodder  and  green  manure. 
The  leaves  are  diuretic  and  purgative,  and  are 
used  in  poultices  (fresh  or  as  dried  powder)  to 


treat  inflammntions,  boils  and  abscesses,  gon- 
orrhoea, orchitis  and  haemorrhoids.  In  Nigeria 
an  infusion  of  the  whole  plant  is  used  to  purify 
the  bldoil  and  thf  pounded  lodt  is  applied 
against  dysentery.  In  Cote  d  Ivoire  leaf  sap  is 
used  as  an  eye  wash  to  treat  eye  infections  and 
for  treating  convulsions  and  epilepsy  in  chil- 
dren. In  DR  Congo  the  sap  is  said  to  act  as  a 
vermifuge,  being  effective  against  filaria,  as  an 
emmenagogue  and  to  rclu-vc  heart  troubles 
The  leaves  are  bcbeved  to  have  telirifugal 
pi-operties.  Ash  Amaraulhus  vindis  plants  is 
rich  in  soda  and  is  occasionally  used  to  make 
snap 

Properties  The  composition  of  the  leaves  of 
Amaranthtta  viridia  is  comparable  to  that  of 
other  Amai-anlhua  species,  e.g.  Amaruitthus 
cnieutus  L.  The  (powdered)  leaf  contains  tan- 
nin, reducmg  sugar  and  resin.  Amasterul  (24- 
methylene-20-hydroxychole8t-6, 7-«i-3P-ol)  has 
been  isolated  from  the  roots-  this  compound 
has  allelopathic  effects  on  lettuce  seed  germi- 
nation. 

Botany  Erect  or  ascendiiii;  annual  or  short- 
lived perennial  herb  up  to  1  in  tall:  stem  slen- 
der, branched,  angular,  glabrous  to  sparsely 
pubescent  in  upper  part  with  multicellular 

hairs.  Lea\(»s  altematp,  simple;  jx-tiole  up  to  10 
cm  lung;  blade  deltoid-ovate  to  rhumbuid- 
oblong,  2-8  cm  x  1.6-6  cm,  base  shortly 
cuneate,  apex  emarginate  v.  ith  small  mucro, 
margin  sometimes  sinuate  glabrous  to  pubes- 
cent. Inflorescence  consistmg  of  agglomerated 
cymes  arranged  in  slender,  axillary  or  mostly 
terminal  spiko'^.  frequently  paniculate  up  to  12 
cm  long,  m  the  lower  part  of  the  stem  often  m 
dense  axillary  clusters  c.  7  mm  in  diameter. 
Flowers  unisexual,  subsessile,  green,  male  and 
t'emnle  intermixed  but  female  ones  more  nu- 
merous; bracts  and  bracteoles  lanceolate-ovate, 
c.  1  mm  long,  whitish-membranous;  tepals  3, 
oblong  to  obovate,  1-1. .5  mm  long  midrib  often 
thicliened  above,  bent  along  the  fruit;  male 
flowers  with  3  stamens;  female  flowers  with 
superior.  1 -celled  ovary  crowned  by  2-3  short 
stigmas.  Fruit  a  subglobose  eajtsule.  e  1.5  mm 
in  diameter,  not  or  slightly  e.vceeding  the  peri- 
anth, ind^isoent,  usually  strongly  wrinkled,  1- 

seeded.  Seed  -ul>t;lobose  slightly  compressed, 
c.  1  mm  m  diameter,  margin  acute,  glossy 
black,  verrucose  or  with  inconspicuous  sculp- 
ture. Seedling  with  epigeal  germination;  coty- 
ledons  lanreol.ite,  r.  12  mm  x  2.5  mm. 
Aiiiaraiitlius  comprises  about  70  species,  of 
which  about  40  are  native  to  the  Americas.  It 
indudes  at  least  17  speciee  with  edible  leaves 
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and  3  grain  amaranths.  Aitiaranfhua  viridis  is 
often  confused  with  AmatxiiUhus  blitum  L.,  but 
the  latter  differs  in  its  often  more  ellipsoid  and 
smiHtth  or  sliiihtly  wrinkled  fruits.  It  is  some- 
times also  confused  with  Ainaranllius  deflextis 
L.,  a  perennial  heib  with  prostrate  or  ascend* 
ing  stems  original inu'  from  temperate  South 
America,  but  now  naturalized  as  a  weed  in 
many  parts  of  the  world,  locally  also  in  tropical 
Afirica  (e.g.  Kenya,  Zimbabwe).  In  South  Afiica 
Amarmiiluis  tiePcxxis  is  sometimes  used  as  a 
cooked  vegetable. 

Ecology  In  Africa  Amanmthua  viridis  is  a 
weed  growing  on  disturbed  or  cultivated  land, 
oft;en  around  habitations.  It  flowers  and  fruits 
year-round. 

Management  Although  mostly  collected 
from  th<'  wild  AiiKiniiilhiis  ri'riih'.s  is  easily 
grown  from  seed  like  other  amaranths.  Pig- 
weed mosaic  virus  causes  shorter  shoots,  roots 

nnd  infloro.srrnrrs  ^ninllor  lonves  nnd  stem 
diameter,  less  branching  and  a  reduction  of  the 
fresh  weight  of  shoots  and  roots. 

Genetic  resources  and  breeding  A  collec- 
tion of  amaranths  is  kept  at  the  Rodalc  Or- 
ganic Gardening  and  Farming  Research  Center 
(OOFRC7)  at  Kutztown,  Pennsylvania,  United 

States;  South-EnsI  .\sirin  arrcssions  are  kept  at 
the  Asian  Vegetable  Research  and  Develop- 
ment Center  (AVBDC)  at  Tainan,  Taiwan.  Af- 
rican cultivars  and  introductions  from  Of^iFRC 
arc  kept  at  the  Xafionnl  Hortirulturnl  Ro- 
search  Institute  (i\HR)  in  Nigeria  and  African 
cultivars  at  the  AVRDC  centre  at  Aruaha,  Tan- 
zania. Indian  colloctions  are  kept  at  the  Na- 
tional Bureau  of  Plant  Genetic  Resources 
(NBPGR),  New  Delhi,  India.  Many  national 
instil ult's  have  small  working  collections  of 
local  cultivars.  Evaluation  and  variability  stud- 
ies are  needed  to  reveal  the  amount  of  exploit- 
able genetic  variation. 

Prospects  \uiaraiilhiiii  tiridis  is  an  inter- 
esting weed  vegetable  with  a  good  nutritional 
vahie.  It  certainly  deserves  more  attention  to 
determine  wider  domestication  possibilities 
and  optimum  cultivation  jiractices.  Its  medici- 
nal properties  need  further  invesligalion  as 
well. 
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APIUM  GRAVEOLBNS  L. 

Frotologue  Sp.  pi.  1:  261  (1753J. 

Family  Apiaoeae  (Umbelliferae) 

Chromosome  number  2n  =  22 

Vernacular  names  Celery,  leaf  celery,  stalk 
celery,  celeriac,  turnip-rooted  celery  (En).  C6- 
leri,  celeri  feuille,  celeri  a  couper,  celeri- 
liranclie  celeri  a  cotes  celeri-rave  (Fr).  Aipo 
horlense,  salsao,  aipa  nabu  (Po). 

Origin  and  gieograpUc  distribution  Celety 

occurs  wild  in  Europe,  the  Modit erranean  re- 
gion and  in  Asia  west  of  the  Himalayas.  The 
ancient  Greeks  and  Egyptians  already  culti- 
vated celery,  It  was  probably  first  grown  as  a 
medicinal  plant  later  for  the  leaves  as  flavour- 
ing. Celery  has  a  long  history  in  China,  dating 
back  to  at  least  the  6*1*  century  AD.  Chinese 

relerj'  mosi  ri'srmhles  leaf  <•(•l(•|-^•  ('ultivnted 
celery  was  recorded  m  1623  m  France,  where 
plants  with  a  milder  taste  were  selected  from 
wild  plants  for  use  as  a  vegetable.  This  was  the 
so-called  stalk  rolery  with  larfje  swollen  peti- 
oles. At  the  same  time  celeriac  with  its  large 
edible  tuber  was  selected,  probably  in  Ita^. 
These  two  types  became  most  iiiipoitant  in 
Western  temperate  areas.  Various  types  of 
celery  are  now  grown  all  over  the  world.  Celery 
is  reported  as  being  cultivated  in  several  Afri- 
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can  countries,  more  commonly  in  highland  re- 
gions than  in  lowlands.  In  Africa  it  is  occasion- 
ally found  as  an  escape  or  relic  of  cultivation, 
e.g  in  Eritrt'a.  K(hio|)i;i.  Mnzjimhiquc  and 
Reunion,  and  more  commonly  in  South  Africa. 

Usea  The  most  common  use  of  celety  is  for 
its  thick  succulent  leaf  stalks  that  are  used, 
often  with  a  part  of  the  leaf  blades,  in  soups, 
cooked  dishes  and  salads  for  the  Western  style 
kitchen.  Celeriac  OF  tumip-rooted  celerj*  is 
mninly  used  n.'i  a  cooked  voejctnble  in  stows  and 
soups  but  is  becommg  increasingly  popular 
grated  as  a  raw  salad.  Leaf  oeleiy,  also  called 
smallage.  is  chiiii])ed  jiml  usei!  ;i<  ^'aniish  and 
flavouring,  either  fresh  or  in  dried  powdered 
form.  In  temperate  countries,  celery  is  alao 
grown  fo!  its  seeds,  which  yield  a  valuable 
volatile  Oil  used  in  the  perfume  and  pharma- 
ceutical industries.  Celerj*  seeds  can  be  used  as 
flavouring  or  spice  either  as  whole  seeds  or, 
ground  and  mixed  with  snlt  ns  relery  snlt.  r'el- 
eiy  salt  can  also  be  made  from  an  extract  of  the 
roots.  Cdeiy  seed  aids  in  the  elimination  of 
uric  add  and  is  often  used  for  the  relief  of 
symptoms  of  arthritis,  rheumatism  and  in- 
flammation of  the  joints.  Its  diuretic  properties 
assist  in  relieving  fluid  ret«it)cm.  Celery  seed 

also  relieves  i)nin  ( 'dery  has  several  applica- 
tions in  traditional  medu  ine.  particularly  as  a 
diuretic  and  emmenai;<)j,'ue.  and  a^rainst  den- 
gii    I'l  .  I  1-  and  rheumatism. 

Production  and  international  trade  There 
is  a  considerable  production  and  mtemational 
trade  in  stalk  celery  and  celeriac  amang  West* 
ern  tnuntrie<  In  Africa  leaf  celery  and  stalk 
celer>'  are  usually  grown  on  small  plots  fur 
market  gardening,  whereas  celeriac  is  only 
rarely  grown.  No  statistical  information  oa 
arras  under  production  or  on  market  volumes 
are  available. 

Properties  The  raw  leaf  stalk  of  celety  con- 
tains  per  100  p  edible  portion  (91%  of  the  prod- 
uct as  purchased):  water  95. 1  g,  energ>'  29  kJ 
(7  kcal),  protein  0.5  g,  fat  0.2  g,  carbohydrate 
0.9  g,  dietary  fibre  l.G  g.  Ca  41  mg,  Mg  5  mg,  P 
21  mt;.  Fe  0  1  ing.  Zn  0.1  mg.  carotene  nO  pg. 
thiamin  U.UU  rag,  riboflavin  O.Ul  mg,  niacin  U.3 
mg,  folate  16  (ig,  ascorbic  acid  8  mg.  Celeriac 
contains  per  100  ^  edible  portion  (()0%  of  the 
product  as  pui'chased,  top  and  root  trimmed, 
peeled):  water  88.8  g,  energy  73  kJ  (18  kcal), 
protein  I  1.'  i;,  fat  0, 1  g.  carl»(ili\ ■  lr;ite  2.-3  g.  die- 
tary fibic  o.l  g,  ('a  10  mg.  Mg  21  mg  P  0.1  mg, 
Fe  0.8  mg,  Zn  0..3  mg,  carotene  26  pg,  thiamin 
0.18  mg,  riboflavin  0.02  mg,  niacin  0.2  mg, 
folate  61  \ig,  asooibic  add  14  mg.  Celeiy  seed 


contains  per  100  g  edible  portion  (100%  of  the 
product  as  purchased):  water  G  O  g.  protein  2.9 
g,  fat  18.1  g,  Ca  1770  mg,  Mg  110  mg,  I'  550 
mg.  Fe  44.9  mg.  Zn  5.7  mg  (Holland.  H  .  I 'n- 
win,  I.D.  &  Buss,  D.H.,  1991).  The  nutritional 
composition  of  leaf  celery  (leaf  blades  and  small 
stalks)  per  100  g  edible  pr)rtion  (50%  of  the 
product  as  purchased)  is;  water  92.7  g,  energy 
84  kJ  (20  kcal),  protein  1.1  g,  fat  0.1  g.  carbo- 
hydrate 4.5  g  fibre  1.0  g,  Ca  H7  mg,  P  .50  mg, 
Fe  0.9  mg,  thiamin  O.O:^  mg,  riboflavin  0.25  mg, 
ascorbic  acid  17  mg  (Leung,  W.-T.\V.,  Busson, 
F.  &  Jardin,  C,  1968). 

The  characteristic  smell  of  the  celery  plant  is 
due  to  the  lactone  sedanolide  (3-butyl-3a, 4,5,6- 
tetrahydrophthalide),  sedanenolide  (3-butyl- 
4,5-dihydrophthalide)  and  related  phthalides. 
These  are  also  the  fharacter-impact  com- 
pounds of  the  essential  oil  from  celery  leaves 
and  seed.  The  results  of  tests  with  mice  sug- 
gest that  phthalides  may  be  eiTective  ehemo- 
preventive  agents  of  forestomach  cancer.  The 
flavonoid  apigenin  was  also  isolated  from  cel- 
ery; this  compound  has  vasodilator^'  acti<m. 
relery  extracts  e.xhibited  hepatoproteetive  ac- 
tivity in  tests  with  rats.  Tests  with  mice  af- 
firmed the  use  in  traditional  medidne  for  pain- 
ful and  inflammatory'  conditions:  .  \t.i.  i< 
showed  antinociceptive  and  anti-inilammatory 
activities. 

The  seeds  contain  a  volatile  oil  and  some  com- 
pounds with  antioxidant  activity,  as  well  as 
compounds  with  mosquitocidal,  nematicidal 
and  antifbngal  activities.  Celery  plants  contain 
the  furanocoimiarins  bergajiten  and  psoralen, 
potent  photosensitizers  which  may  cause  der- 
matitis in  field  workers.  Celeriac  (celery  root) 
is  a  frequent  cause  of  food  allergy,  often  con- 
nected with  polh  n  allergy;  the  major  allergen 
is  the  protein  apt  g  1. 

Adidtemtions  and  anbstitates  Parsley 
(Pflrnspliniim  rrispiitn  (Mill  )  Nymnn  ex 
A.W.Hill)  leaves  can  be  used  as  a  substitute  for 
leaf  celer\  parsley  roots  as  a  substitute  for 
celeriac.  Parsley  is,  however,  usually  consid- 
ered ;i  c(in<limf>nt  rather  than  a  vegetable 

Description  Biennial,  erect,  glabrous  herb 
up  to  100  cm  tall,  with  a  fusiform  to  tuber-like 
fleshy  taproot;  .stem  strongly  grooved.  Leaves 
alternate,  lower  ones  pinnate,  long-petioled, 
upper  ones  3-fid;  stipules  absent,  but  distinct 
sheath  present:  leaflets  deltoid-rhomboid.  2-5 
cm  X  1.5-3  cm,  often  deeply  .3-lobed,  cuneate  at 
base,  glossy.  Inflorescence  a  sessile  or  short- 
pedimded  umbel,  terminal  or  opposite  the 
leaves;  primary  rays  4-15,  rather  imequal; 
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Apium  graveolena  -  2,  habit  leaf  cilery;  2,  lutbU 

stalk  ('I'/crv;  .?.  habit  ceterifMC. 
Souive:  PNUSEA 

involucres  nnd  involucds  .ihscni  umbdlules 
6— 25-f1owor<<i.  I'lowiTs  biMcxiial  5-mprous; 
pedicel  1-5  mm  long;  calyx  teeth  obsolete;  pet- 
als firee,  ovate  to  orbicular,  c.  0.5  mm  long,  with 
inni'xcil  iipex.  tjrecnish  white:  stamens  free, 
alternatmg  with  petals;  ovary  inferior,  2-celled, 
styles  2,  divergent.  Fruit  a  broadly  ovoid  to 
globose  schizocarj),  splitting  into  two  l-stMnied 
parts  up  to  l.-'i  mm  lonp  distini-tly  rililn'd 
Seedling  with  epigeal  germniation;  hypocotyl 
1-2  cm  kag,  ^iootyl  absent;  cotyledons 
stalked,  blade  ovate-oblong,  up  to  6  mm  loi^, 
heibaoeous. 

Oilier  botanical  infonnation  Apium  com- 
prises  about  30  species,  most  of  w  hich  are  in- 
digenous in  tempeiJite  South  Amerita  Only  fi 
few  Apium  species  occur  m  tropical  Africa,  and 
probably  only  a  single  one  is  truly  indigenous: 

Apium  iinrliflnnini  (L.)  T.ng.  Apium  frptnpfiyl- 
luin  (Pers.)  F.Mueil.  ex  Benth.  is  a  widespread 
weed  originating  from  Central  America. 
i4putm  graveolena  has  been  subdivided  into  4 

vnriotios: 

-  Var.  grai  eoleiis.  Representing  the  wild  type. 

-  Var.  aeeaUitum  (Alef.)  Aflansf.  Leaf  celeiy, 
cultivated  for  the  aromatic  leaves.  It  has 


slender  green  petioles,  and  is  closest  to  the 
wild  type. 

-  Var.  dulce  (MiB.)  Pers.  Stalk  celery,  culti- 
vated for  its  strongly  developed,  fleshy  peti- 
oles, which  are  curved  in  cross-section  and 
grooved  on  the  external  surface,  with  a  dis- 
tinct joint  where  the  leaflets  are  attached. 

-  \'ar.  ixtpac&un  (Mill.)  Gaudin.  Celeriac, 
grown  for  the  roundish  tuber  up  to  16  cm  in 
diameter,  mainly  derived  from  the  hypoootyl, 
but  also  inrorporatinp  part  of  the  taproot  and 
stem,  its  flesh  is  creamy  while  and  firm,  al- 
though usually  softer  than  carrots. 

The  hitter  .3  varieties  can  better  be  considered 
to  represent  cultivar  groups. 
Some  celeriac  caltivars  used  in  East  Africa  are 
'Balder'  and  Giant  Prague'.  Stalk  celerj*  culti- 
vars  that  lui\e  been  in  use  m  East  Africa  for 
aome  time  are  Pascal  ,  Utah  ,  Golden  Self- 
Blanching*  and  Tendererisp'.  The  seed  com- 
pany Toebnisem  is  now  recommonibnp  the 
stalk  celery  cultivars  Plein  Blanc  Pascal ,  Tall 
Utah'  and  the  heat  tolerant  'Elne'  with  fleshy 
green  -  ill.-  -In  latter  cultivar  also  performs 
well  in  lowland  regions  of  West  Africa,  East 
West  Seed  Company  developed  leaf  celery  cul- 
tivars for  the  tropics,  with  more  tender  leaves 

.-ind  le.ss  thick  stalks,  called  I'hincsf  ci'lcn,": 
'  Juji  IS  a  selection  for  year-round  cultivation  in 
tropical  lowland,  'Duka'  is  hardier,  especially 
selected  for  the  rainy  season,  and  'Safiya'  per- 
form^1>.  -1  nt  medium  nr  bii;b  olcvntions. 

Growtli  and  developmeut  Celery  is  bien- 
nial, but  when  cultivated  for  its  vegetative 
[larts  mostly  grown  as  an  aiimi.'i!  Germination 
and  seedling  growth  are  rather  slow.  Leaf  cel- 
ery is  usually  direct  sown,  sometimes  trans- 
planted iin<  month  after  germination;  stalk 
ci  lrn-  and  celeriac  plants  arc  mostly  raised  in 
a  nurseiy  and  need  2  months  to  reach  a  suit- 
able size  for  transplanting.  During  the  vegeta- 
tive phase,  the  nbovepround  parts  of  the  plant 
mainly  consist  of  ieavt^s  the  stem  being  very 
short.  The  stem  elongates  after  vernalization, 
ending  in  compoimd  umbels  Celer>'  flowers  are 
mainly  cross-pollinated  The  root  system  is 
quite  restricted  and  superficial.  Crop  duration 
depends  on  type,  cultivar,  and  market  prefer- 
ence. Han-esting  of  early  rultivars  of  leaf  celeiy 
starts  55-60  days  after  direct  sowmg  or  40-50 
days  after  tiwusplanting  one-month-old  nurs- 
ery plants,  whereas  late  cultivars  are  hai^ 
vested  from  3  months  after  direct  sowing. 
Transplanted  stalk  celeiy  is  harvested  3-4 
months  and  celeriac  4-6  manths  after  trans- 
planting. 


92  VEGETABLES 


Ecology  The  wild  typo  of  .\pmm  gmveolens 
is  a  halophilous  marsh  plant,  whidi  explains 
the  high  water  needs  and  good  salt  tolerance  of 
cultiviilfil  types  Types  of  Eurnpfan  origin  are 
usually  cultivated  in  the  tropics  at  higher  ele- 
vations. They  are  adapted  to  areas  with 
monthly  tncjin  temperatures  of  15-21''C,  Expo- 
sure at  the  five-true-leaf  stage  to  5-10°C  for  a 
minimum  of  10  days  causes  bolting.  Conse- 
quently, premature  flowering  of  these  types  is 
seldom  a  problem  in  the  tropics.  Asintir  tropi- 
cal cultivars  of  leaf  celeiy,  however,  start  bolt- 
ing easily  when  exposed  to  temperatures  below 
20°C.  Celery  demands  a  moist.  per\'ious.  fer- 
tile, if  possible  slightly  saline  soil,  with  pH  6.0- 
6.8,  well  supplied  with  organic  matter. 

Propagation  and  planting  Celeiy  seed  is 
almost  entirely  produced  in  temperate  areas 
and  imported  in  Africa,  although  it  is  possible 
to  harvest  seed  of  tropical  types  of  leaf  celery. 

In  the  hipblnnds  of  Rnst  .\frirn  it  mny  lir- possi- 
ble to  produce  seed  irom  the  heat-tolerant 
types  of  stalk  celeiy.  The  weight  of  1000  seeds 
is  0.3-0,.'.  g.  Celery  seed  is  broadcast  on  a 
nursery  bed  or,  mostly  for  leaf  celery,  sown  in 
rows  directly  in  the  field.  It  is  slow  to  germi- 
nate. After  some  weeks,  the  small  and  delicate 

seedlings  emerg<'  .iml  should  be  well  jirot eel cd 
with  a  layer  of  lung  grass  or  similar  cover. 
Light  shading  is  beneficial,  espe<nally  in  low* 
lands.  To  reduce  the  germination  period  re- 
quired some  farmers  SOak  the  seeds  for  one  or 
two  days  prior  to  sowing.  It  is  even  better  to 
mix  the  fine  seeds  with  sand  and  keep  this 
mixture  moist  until  the  first  siyns  of  white  root 
tips  become  visible.  This  pre-germinated  mix- 
ture should  then  be  sown,  and  the  seedbed 
should  be  kept  wdl  wa((>n  d  until  the  seedlings 

have  rlenrly  emorpod.  The  nurscrj'  stage  may 
take  one  month  for  leaf  celerj'  to  6-10  weeks 
for  stalk  celeiy  and  celeriac.  Seedlings  are 
planted  at  n  sparing  of  30  rm  in  ihe  row  and  -40 
cm  between  rows.  (Vlery  responds  well  to  or- 
ganic manure  incorporated  into  the  plantbed 
prior  to  plant  III  u 

Management  i  >nce  seedlings  are  well  estab- 
lished, earthing  up  is  recommended  as  it  is  not 
possible  to  plant  the  small  seedlings  at  the 

required  depth  ofabout  -1  cm  Older  cult  ivni  s  <){ 
stalk  celei^'  required  blanchmg,  but  this  is  no 
longer  needed  for  present-day  cultivars,  al- 
though many  people  still  believe  that  blanched 
stems  taste  sweeter.  In  case  blanching  is  de- 
sired, plants  should  be  earthed  up  with  ap- 
proximately 16  cm  of  soil  or  the  leaf  stalks 
should  be  tied  together  about  3  weeks  prior  to 


harvestmg.  Plants  must  be  allowed  to  grow 
rapidly  to  obtain  the  desirable  quality  with 
succulent  leafstalks;  therefore  regular  irriga- 
tion is  essential.  Large  amounts  <if  nutrients 
are  also  needed  for  a  good  celery  crop.  The  re- 
moval of  nutrients  in  20  t/ha  of  stalk  celery  is 
estimated  at  75  kg  N  17  kg  P.  140  kg  K.  36  kg 
Ca  and  11  kg  Mg.  Celery  is  susceptible  to 
physiological  disorders,  which  can  usually  be 
remedied  by  applying  10-20  kg/ha  of  borax  and 
100  kg/ha  of  magnesium  sulphate.  Boron  defi- 
ciencj'  is  especially  prominent  in  soils  with  a 
high  pH.  Cultivation  must  be  superficial  in 
order  to  avoid  damaging  the  roots.  Mulching 
the  soil  surface  helps  to  retain  moisture  and  to 
smother  weeds. 

Diseases  and  pests  A  serious  disease  under 
humid  conditions  is  late  blight  caused  by  Sep- 
toria  apiicoUi.  It  is  also  referred  tu  as  celery 
rust  and  is  characterized  by  many  small  pale 

brown  sfjols  with  <lnrk  centres.  Proper  aeration 
is  important  and  during  the  I'ainy  season  a 
wider  spacing  is  required  in  compariscm  to  the 
dry  season.  Early  bUght,  caused  by  Cercoapora 
apii.  can  also  become  ]>roblematic.  Both  fungi 
are  seedborne,  and  therefore  seed  from  a  reli- 
able source  should  be  used.  They  can  also  sur- 
vive on  [dant  refiist^  in  the  soil  Seed  Ire.'itment 
and  crop  rotation  are  recommended  practices. 
Erwinia  earotovora,  a  bacterium  causing  soft 
rot  of  the  petiole,  is  also  soilborne  and  requires 
crop  rotation.  Damping-off  nf  seedlings  caused 
by  species  of  Pythium,  Sclerolium  and  Rhizoc- 
tonia  is  common.  Rhizoetonia  aolani  is  also 
reported  to  cause  lesions  and  rot  of  the  peti- 
oles. 

Few  specific  pests  have  been  reported  on  cel- 
ery, but  polyphagous  inserts  such  as  aphids, 
spider  mites  leaflioppers,  whiteflies  and  leaf- 
muiers  may  affect  the  crop. 

Harvestiag  Leaf  celety  is  harvested  once- 
over by  uprooting  or  by  cutting  at  ground  level 
or  is  ratoon-harvested  by  cutting  about  5  cm 
above  ground  level,  with  several  cuttings  at  3- 
week  intervals.  Stalk  celerj'  is  usually  cut  at 
ground  level  as  a  whole  plant.  For  home  con- 
sumption, people  may  only  harvest  a  few  stalks 
per  plant  at  a  time.  Commercial  growers  often 
tie  the  stalks  together,  leaving  the  tender 
young  stallis  well  covered,  Celeriac  is  har- 
vested by  uprooting. 

Yield  Leaf  celery  can  produce  up  to  20  t^. 
The  yield  of  stalk  celeiy  can  reach  20  t/ha  or 
more,  depending  on  soil  fertility,  farm  man- 
agement and  cUmatic  conditions.  In  Europe, 
yields  of  up  to  60  t/ha  for  both  stalk  celery  and 
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celrrinr  hnvo  boon  obtained,  but  in  the  tidies 
the  yiold  potentini  is  much  lower. 

Handling  after  harvest  The  harvested 
product  should  be  vvmovrA  from  the  field  .is 
soon  as  possible,  washed,  sorted,  packed  and 
transported  to  the  market.  Stalk  oeleiy  can  be 
stored  for  about  ;i  month  at  a  temperature  near 
O^C  at  high  humidity.  It  should  be  isolated  in 
storage,  because  it  readily  absorbs  flavours 
firom  other  produce.  Celeriac  can  be  stored 

more  easily.  In  some  We.stem  countries,  much 
stalk  celery  is  processed  by  canning. 

Genetic  reaonrees  Important  geimplasm 
collections  are  maintained  at  the  Reaeardi  and 
Plant  Breeding  Institute  for  Vegetables  in 
Olomouc,  Czech  Republic,  the  National  Bureau 
of  Plant  Genetic  Resources,  New  Delhi,  India, 
thf  ili)V  Institute  of  Plant  Industry  Peters- 
burg, Russia,  the  Inslitute  of  llurticultural 
Researdi,  Wellesboume,  United  Kingdom,  and 
at  the  Northeast  Rctrionid  Plnnt  Int rdiluction 
Station,  Geneva,  New  York,  United  States. 

Breeding  The  main  breeding  objectives  for 
oeleiy  are  to  improve  disease  resistam  r  .md 
tolerance  of  high  temperatures,  for  stnlk  relen,' 
the  tenderness  of  the  petioles  and  the  self- 
blanching  character. 

Prospects  ( 'clery  is  curri'ntly  not  an  impor- 
tant commercial  vegetable  m  Africa  and  since 
most  produce  is  purdiased  by  Asian  and  West- 
era  people,  market  oppori unities  are  not  likely 
to  increase  considerably  imlcs.-i  .1  chanpe  in 
food  habits  takes  place.  The  markets  for  leaf 
and  stalk  celety  in  the  cities  in  firanoophone 
West  .Africa  offer  better  opportunities  It  seems 
likely  that  more  improved  cultivars  for  tropical 
conditions  will  soon  become  available. 

Major  references  K  iiimi  S  S  &  Salunkhe, 

D.  K.,  innH-  Knott  ,11::.  &  Deanon  Jr,  .I.R., 
1967;  Lawrence,  B.M.,  1998;  Messiaen,  C.-M., 
1974;  Raid,  R.  &  Kudiarek,  T.,  3003;  Quixos, 

C.F..  inn:^;  Rubatrky  \'.E.  &  Yamaeuchi,  M,, 
1997;  Susiarti,  S.  &  Siemonsma,  J.S.,  1993. 

Otiier  references  Ahmed,  B.  et  al,  2002; 
Atta.  .AH.  &  .JJkofahi.  A..  1998;  Ballmer- 
Weber.  B.K.  et  al..  2000:  Peier.  I?.C.  &  Oertli, 

E.  H.,  1983;  Chowdhury,  .A.R.  &  Kapoor,  V.P., 
2000;  FHtz,  D.  et  al.,  1989;  Holland,  B.,  Unwin, 
I.D.  &  Buss,  D.H.,  1991:  Ko,  F.N.,  Huansi,  T  P. 
&  Teng,  CM..  1991;  Leung,  W.-T.W.,  Busson, 

F.  &  Jardin,  C,  1968;  Momin,  R.A.  &  Nair, 
M.G..  2001;  Zheng.  G.Q.  et  al.,  1993. 

Sources  of  illustration  Susiarti,  S.  & 
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ARTANEMA  LONGlFX>UUM  (L.)  Vatke 

Protologue  Linnaea  43:  307  (1882). 

F  a  m  i  I  >  S I  ■  t  ■ '  1 1 1 1  u  1 1  a  r  1  a  cf  •  a  e 

Synonyms  Allan  ema  seaamoidea  (Vahl) 
Benth.  (1835). 

Origin  and  geographic  distribution  Ai  titne- 
ma  longifolium  is  found  m  tropical  Africa  from 
Liberia  to  Cameroon,  DR  Congo,  L'ganda  and 
Tanzania.  It  occurs  also  in  India  and  throus^- 
out  tropical  South-F-'ast  .\sia 

Uses  In  Nigeria  and  Tanzania  the  leaves  of 
Arkmema  longifolium  are  collected  firom  the 
wild  and  eaten  as  a  vegetable. 

Properties  An  aqueous  extract  of  Artcaiema 
langifiilmm  is  a  component  of  .Ayurvedic  medi- 
cines used  against  influijiiMMons  of  the 
skeleto-muscular  system.  It  is  also  used 
against  nuuseu. 

Botany  Erect,  often  brandied  herb  up  to  90 
cm  tail  with  sharply  quadrnngulnr  to  almost  4- 
winged,  fleshy,  hollow  stem.  Leaves  opposite, 
simple,  subsessile;  blade  lanceolate,  3.5—25  cm 
X  1-9  cm,  margin  entire  to  slightly  serrate, 
glabrous  but  rough  above  because  of  small  bris- 
tles. Inflorescence  a  terminal,  erect,  many- 
flowered,  peduncled  raceme  up  to  40  cm  long. 
Plowers  bisexual,  /ygoniorpbic:  pedic(>l  up  lo  1 
cm  long;  calyx  5-lobed  almost  lo  the  base,  lobes 
ovate-oblong,  3-10  mm  long,  overlapping  at 
anthesis  persistent  in  fruit;  corolla  deep  red- 
purple,  glandul.n-  b.airy  with  wide  tube  and  2 
hps  1-3  cm  long,  upper  lip  erect,  broadly 
rounded,  emarginate,  lower  lip  patent, 
rounded  .'Vfid:  stamens  I,  didynamous.  fila- 
ments with  a  disk-like  appendage;  ovarji'  supe- 
rior, 2-ceUed,  style  filiform,  stigma  2-lobed. 
Fniit  a  SUbglobose  capsule  up  to  1  (!m  in  di- 
ameter, many-seeded.  Seeds  ellipsoid-globose 
yellow-brown,  tuberculate.  Seedling  with 
epigeal  germination;  hjrpooo^l  3-7  mm  long, 
ejiicotyl  \  ery  short;  cotyledons  rhomboid,  4-6 
mm  long,  leafy. 

Arkmema  is  poorly  known;  it  comprises  about 

4  species  and  is  distributed  in  tropical  .Africa 
and  .\sia.  It  has  been  classified  in  tnlie  didti- 
oleae,  which  is  highly  diverse  and  split  up  in 
recent  molecular-^srstematic  studies.  Artanema 

-  nnl  included  in  these  studlss. 

Ecology  Artanema  loitgifoUum  occurs  in 
forest  and  scrub  vegetation,  in  humid  and 
swampy  localities,  and  is  common  along  rice 
fields  and  watercourses  and  in  soggy  grass- 
land, up  to  400  m  altitude. 

Genetic  resources  and.  breeding  Artth 
nema  kmgifoUum  is  widespread  in  trqpical 
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Mrica  and  Asia  and  not  in  danger  of  genetic 
erosion. 

Prospects  Artaiiema  Imiiiifnliiim  will  re- 
mstin  ii  minr)r  !<  Mf'  vosi't ;iliU\  Its  nutritionMl 
composition  needs  mvestigation.  With  its  deep 
red-puiple  flow^B  it  is  decorative  and  seems  to 
have  pot^tial  as  an  attractive  garden  orna- 
mental. 

Major  references  Burkill,  H.M.,  2000;  Hep- 
per,  F  X     1963;  Soeijani,  M.,  Kostermans, 

A.J.<  I.!1   it  Tilt  rosru^pomo  f  r  1987, 

Other  references  Hcmsley,  VV.B.  &  Skan, 
8.A,  1905-1906;  Olmstead,  R.G.  et  al.,  2001; 

van  den  Bergh,  M.H..  1993. 
Authors  P.C.M.  Jansen 


Asparagus  flagellaris  (Kimth)  Baker 
Protolo^e  Joum.  Linn.  Soc.  14:  614  (1876). 

Fa  111  i  1  y  \  s  I  ■ :  If  n    l  n  ■  .■  1 1 » 

Synonyms  As/iara^opsis  flageUaris  Kunth 
(1850),  Asparagus  pauli-giiilelmi  Solms-Laub. 
(1867). 

Vernacular  names  Wild  asparagus  (En). 
Asperge  sauvage,  asperge  rampante,  piege  de 
la  hydne  (Fr). 

Origin  and  geographic  distribution  A.tpa- 
ragua  fUigellcuia  is  widespread  in  tropical  Af- 
rica. It  has  been  much  confused  with  Aspara- 
gus africauus  Lam.,  which  occurs  in  East  and 
soutiiem  Afrirn  but  it  is  not  r\<:'r[v  whether  the 
latter  species  can  also  be  found  m  VV  est  Africa, 

Uses  The  uses  described  here  refer  to  both 
Asparagus  flttgeUaris  .-ind  Asparagus  afrit  aiiiis. 
which  are  prubably  used  indiscriminately.  The 
young  shoot-tips  (spears')  are  fleshy  and  edi- 
ble, rosombling  the  aefiaragus  of  commen-c 
har\Tstod  from  Aspnrngiis  nffin'iinlis  L.  In 
Tanzania  the  young  shoots  are  dug  up,  peeled 
and  chewed  to  quench  thirst  and  hunger,  espe- 
ciaUy  by  children  and  herdsmen  T'sos  ns  n 
vegetable,  fresh  or  boiled,  have  been  reported 
from  Gabon  and  southern  Africa,  but  are 
probablj'  common  in  several  other  rnuntries. 
The  fleshy  root  t niters  are  ediltle  after  several 
hours  cuoking.  The  fruits  are  sucked  out  by 
children  in  Uganda  and  Tanzania,  especially 

dxirinu  famine  periods. 

The  branchlets  (cladodes)  are  the  main  ingre- 
dient of  a  medicine  to  combat  guinea-worm  and 
of  an  ointment  for  hair  growth.  In  the  Central 
African  Republic  they  are  eaten  to  combat 
stitch.  The  branchlets  are  used  as  a  wound 
medicine  in  Kenya,  to  treat  earache  in  Tanza- 
nia, and  in  many  countries  to  treat  ^esight 


troubles.  The  roots  have  a  variety  of  medicinal 
uses.  In  Senegal  and  Tanzania  they  are  added 
to  food  or  baths  for  treating  syphilis,  gonor- 
rhoea and  other  sexu.dlv  transmitted  diseases. 
In  Senegal  macerated  root  is  gargled  against 
throat  troubles,  and  in  East  Africa  the  roots 
are  chewed  for  the  same  purpose,  In  Ethio|)ia 
pounded  branches  mixed  with  butter  are  used 
as  an  ointment  for  the  treatment  of  haemor- 
ihoids.  An  embrocation  is  used  in  S(>negal 
against  rheumatism.  .\  hot  wafer  infusion  is 
used  in  Zimbabwe  to  arrest  diarrhoea.  In  Cote 
dTvoire,  6ui4cina  Paso  and  Nigeria  a  root  mac- 
erate is  used  ntjainst  enrache.  in  Nigeria  for 
the  treatment  of  haematuria,  in  Kenya  for  cur- 
ing coughs,  in  C6te  dTvolre  and  Tanzania 
against  sdiistosomiasis  and  in  Tanzania  (Teita 
tribe)  as  an  ingredient  of  a  complicated  tech- 
nique for  the  treatment  of  bubonic  plague.  In 
East  Africa  the  brandilets,  stems  or  roots  are 
pounded,  soaked  in  water  and  the  infusion 
drunk  2-3  times  a  day  for  the  treatment  of 
mental  distuifoance. 

The  Maasai  in  Kenya  boil  the  roots,  add  milk 
and  ^ive  it  to  women  immediately  after  child- 
birth to  release  the  afterbirth.  In  Burkina  Faso 
a  decoction  of  the  roots  is  used  to  promote  heal- 
ing of  the  umbilii  us  (if  the  newborn  by  external 
appUcation  and  m  small  ({uantity  by  draught. 
In  the  Central  African  Re  public  a  root  decoc- 
tion is  taken  by  women  wishing  to  conceive. 
The  roots  and  bramhl  ts  .iro  injjvedients  of 
arrow-poison.  In  Tanzania,  seeds  are  swal- 
lowed to  prevent  eye  diseases. 
Wild  asparagus  is  used  thmuiihout  Africa  for  a 
wide  variety  of  ailments  of  cattle.  It  is  used  in 
several  ceremonies  and  initiation  rituals.  In 
Tanzania  it  is  planted  as  an  ornamental.  In  a 
number  of  countries,  the  wiiy  stems  are  used 
for  preparing  traps  and  snai-es  for  small  ani- 
mals, and  for  making  cord.  The  woody  stem 
parts  are  used  for  making  pencils  in  Sudan. 

Properties  There  is  no  information  on  the 
diemical  composition  of  Asparagu  s  flagellaris, 
but  a  few  studies  ha\  e  lu  en  performed  on  As- 
paragus afrieanus.  Sm  ill  amounts  of  an  alka- 
loid have  been  found  in  the  branchlets  of  Nige- 
rian material,  and  the  cardiac  gljroosidal  activ- 
ity has  been  tested  and  reported  nepative. 
Steroidal  saponins  were  isolated  from  the  roots 
of  Asparogtis  afrieanus,  including  2  monodes- 
nxisnlie  s|iirost;uiosides  and  a  bisdesmosidic 
fuiTistanol  glycoside  Antiprotozoal  activity  has 
been  reported  for  some  compounds  isolated 
from  the  roots  of  Aj^paragus  africaiuts,  includ- 
ing the  sapogenin  muzanzagenin  and  the  Ug- 
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nan  (+)-nyasol.  These  compounds  inhibited  the 
growth  of  Leishniaiiia  major  promastigotes  and 
Plasmodium  falcipanun  schizonts. 

Botany  Vav<A  shiub  up  to  2  m  tall,  with 
swollen  root  tubers;  branches  smooth  or  with 
spines  2-4  mm  long,  ultimate  brandilets  (clad- 
odes)  in  whorls  of  1-8.  leaf-like,  up  In  2(-'")  cm 
long,  stiff  I"'i<nvera  axillar>',  1—2  together,  bi- 
sexual, regular,  G'lneroua,  white  to  purple; 
pedicel  3^  mm  long;  perianth  st  <:m(  nts  2.5-3 
mm  long,  stamens  fused  to  perianth  segments; 
ovarj'  superior,  3-celled,  style  c.  I  mm  long,  3- 
brandied.  Fruit  a  globose  berry  5-7  mm  in 
diameter,  orange-red  at  maturity,  usually  1- 
seeded.  Seed  globose,  c.  4  mm  in  diameter, 
rugose. 

Asparagus  comprises  about  200  species.  Many 
more  than  100  of  these  (Krur  in  AfrieM.  A-ipara- 
gUS  [lagellaris  has  been  much  confused  with 
Aaparc^a  africemua,  which  differs  in  its  usu- 

ally  shrirtcr  rlnrlodes  nnd  its  fasrirles  of  2—10 
slightly  larger  flowers.  Taxonomic  studies  are 
still  needed  to  unravel  the  status  and  distribu- 
tion of  these  two  species. 

Other  wild  African  Asparagus  species  of  which 
the  spears  are  also  eaten  include  Asparagus 
aeihiapieua  L.,  Aaparagua  larieinus  Bureh., 

A.sparai^ii.t  schrnrfh'H  Enpl  As/iarui^u s  siia- 
ceua  (Kunth)  Jessup  and  Aapara^a  suai  eolena 
Burch. 

Ecology  Asparaffu  flagellaris  can  be  found 
in  wnndland  savanna  and  wasteland,  up  to 
1800  m  altitude. 

Management  Currently,  the  various  plant 

parts  of  w  il<!  nsparngus  are  collected  frnni  the 
wild.  The  plants  are  available  to  an,\  one  need- 
ing them  and  are  not  eapedaily  protected  or 
managed  by  the  local  population.  In  Tanzania 
the  shoots  are  collected  during  the  rainy  sen- 
son,  the  Imits  during  the  diy  spells  m  June- 
July  and  December.  Wild  asparagus  can  be 
propagated  by  >ccd  nnd  by  root  suckers.  The 
seed  has  orthodox  storage  behaviour  and  can 
be  stored  for  long  periods.  In  good  soil  Aapara- 
gfiu  flagellaris  can  be  grown  to  produce  thit^ 
succulent  shouts 

Genetic  resources  aud  breeding  Aspara- 
gus flag/dJaria  is  quite  common  in  its  natural 
range  of  distribution,  and  not  in  danger  of  ge- 
netic erosion.  No  collections  are  known  for  the 
purpose  of  genetic  coinBervati<m  or  improve- 
ment. 

Prospects  The  spears  of  Asparagus  flngrl- 
laris  or  other  wild  Aspanigus  species  are  not 
mariieted.  Currently,  the  potential  of  wild  as- 
paragus seems  limited,  due  to  the  high  fibre 


content  of  the  spears.  Commercial  asji.irngus 
production  is  based  on  the  common  asparagus, 
Asparagus  offiemaUs  L.,  but  Asparagus  flagel- 
laris seems  to  have  potential  fVir  genetic  im- 
provement. The  use  of  fruits  will  remain  of 
local  importance  only,  but  medicinal  uses  of  the 
plant  may  be  exploited  coiiimercially  nnd  <le- 
serve  further  research  attention,  considermg 
the  proven  activity  of  many  Aaparagua  com- 
pounds. 

Major  references  Baerts,  &  Lehmann 
d.,  2002a;  Burkill,  H.M.,  1995;  Dalziel,  J.M., 
1937;  Kerharo,  J.  &  Adam,  J.G.,  1974;  Watt, 
-I,M  &  Ili-.  vi  i  -I',i  :iii.Iwijk.  .M  G  .  1962 

Other  references  Adegoke,  E.A.,  Akinsaya, 
A.  &  Naqvi,  H.Z.,  1968;  Debella,  A.  et  al.,  1999; 
Demissew  Sebsebe,  1997;  Jacot  Guillai mod  A., 
1971;  Kokwaro,  J.O.  1993;  Mesfm  Tadesse 
1994b;  Oketch-Rabah,  1I.A.  et  al.,  1997; 
Raponda-Walker,  A.  &  Sillans,  R..  1961;  Rufib, 
(  K  Riinie  A  &  T^gnds,  B.,  2002;  Vanden 
Berghen. C,  1988. 

Antiiors  W.  J.  van  der  Burg 

Ai>P.\K.\UUS  UFh  ldNALIS  L. 

Protologue  Sp.  pi.  1:  313(1763). 
Family  Asparagaceae 
Chromoaome  umnber  2n  -  20,  40 
Vernacular  names  Asparagus  (Ehi).  Asper- 

ge  (Fr).  Rsfinrgo  hnrtense  (Po). 

Origin  and  geographic  distribution  The 
origin  of  asparagus  is  believed  to  be  the  east- 
ern .MediteiTaiiean  region.  However,  it  grows 
wild  m  Europe,  the  Caucasus  and  western  Si- 
beria. It  is  naturalized  in  the  Americas  and 
New  Zealand,  and  occurs  now  worldwide  as  a 
crop  plant  in  Africa  mainly  in  the  subtropics 
in  tropical  Africa,  it  is  restricted  to  high  eleva- 
tion areas  in  East  and  southern  Afirica,  but 

occnsinnally  occurs  el.sewhere  as  experimental 
planting  or  for  own  use,  e.g.  in  Rwanda  and 
Ethiopia. 

Uses  The  major  product  of  asparagus  an  tin 
tender  young  expanded  shoots  (spears)  which 
are  eaten  lightly  cooked.  The  spears  are  also 
processed  either  by  canning  (or  bottling)  in 
brint'  or  by  deep-frce/ing  They  ;ire  harvested 
prior  to  emergence  as  white  asparagus,  or  after 
emergence  when  18-25  cm  taU  as  green  as- 
jiaragus.  Green  spears  should  be  all  green  and 
white  spears  all  white,  but  harvest  of  the  in- 
between  stage  is  also  practised,  it  is  normal  to 
peel  the  white  spears  prior  to  cooking,  whereas 
the  gte&ci  ones  are  normally  eaten  unpeeled 
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and  only  the  lower  fibrous  part  of  the  spears  in 
the  in-between  stage  is  peeled. 
The  foliage  of  asparagus  is  occasionally  used  in 
flower  nri'Mnt:" mi  nt  s 

Productiou  aud  iuteruatioual  trade  There 
are  about  265,000  ha  of  asparagus  grown 
worldwide  eiiiiidly  divided  between  white  and 
green,  with  an  increasing  trend  towards  the 
production  of  green,  due  to  lower  harvesting 
costs.  Product  icm  predominates  in  Asia 
(102,000  ha,  with  Chinri  00,000  ha),  Europe 
(61,000  ha,  with  Spain  17,000  ha),  North 
America  (51,000  ha,  with  the  United  States 
:^  l.nnn  hu)  nnd  Si.utli  Ainri  i,  ;i  (29.000  ha.  with 
Peru  20,000  ha;.  Alrica  (4,UU0  ha)  and  Austral- 
asia (7,000  ha)  are  relatively  unimportant, 
although  both  regions  have  an  important  role 
in  providing  northern  hemisphere  markets 
with  out  of  season  fresh  asparagus.  In  Africa 
asparagus  is  mainly  grown  in  southern  Africa 

(Smilh  Afrirn  Lesotho)  and  Xorth  .Afrien  (Tu- 
nisia), whereas  in  tropical  Africa  it  is  found  ni 
the  highlands  of  eastern  Africa  (Kenya, 
Uganda.  Zunbabwe).  The  world  price  fluctuates 
tremendously,  depending  on  whether  the  pro- 
duce is  for  fresh  use  or  fur  processing,  and  also 
on  the  time  of  the  year,  but  tends  to  be  about 

1  f  i  FSS'I';?.  .\s|)aratjus  product  ion  for  exixirt  is 
attractive  for  countries  with  cheap  labour,  e.g. 
Uganda  and  Kenya,  which  are  able  to  harvest 
asparagus  for  fresh  export  during  periods  of 
low  produrtion  in  Europe 

Properties  The  composition  of  white  as- 
paragus, per  100  g  of  raw  edible  portion  (75% 
of  harvested  product)  is:  water  91  4  g.  energy 
103  kJ  (25  kcal),  protein  2.9  g,  fat  0.6  g,  carbo- 
hydrate 2.0  g,  fibre  1.7  g,  Ca  27  mg,  Mg  13  mg, 
P  72  mg,  Fe  0.7  mg,  Zn  0.7  mg,  carotene  315 
pg,  thiamin  O.IG  mg,  riboflavin  OAV'>  mg  niacin 
1.0  mg,  folate  175  ^g,  ascorbic  acid  \2  mg  (Hol- 
land, B.,  Unwin,  I.D.  &  Buss,  D.H.,  1991). 
(o(<'n  asparagus  scores  higher  in  micro- 
nutrients  (Ke  1.5  mg,  ascorbic  acid  18  mg)  than 
white  asparagus.  Tlie  diaracteristic  flavour  of 
asparagus  is  due  to  sugars  and  bitter  compo- 
nents The  key  olfactor\'  ramponent  is  dunethyl 
sulphide,  a  degradation  product  of  the  amino 
acid  S-methyl  methionine. 

Description  Dioecious  perennial  herb  with 
climbing  or  erect  stems  up  to  2  m  tall,  and  ro- 
bust woo<fy  rhizome  comprising  a  number  of 
bud  clusters  and  many  bug  (1.5-2  m)  un- 
branchi  d.  fleshy  storage  roots;  stem  fleshy 
when  still  underground,  aboveground  strongly 
branched,  ultimate  branchlets  (dadodes)  fine, 
needle-like,  green  and  leaf-like,  1-3  cm  long. 


A.iparagtis  officinalis  -  1.  rhizowp  trilh  young 
shoots;  2,  sterile  shoot;  3,  flowering  shoot;  4, 
fi  ll  iling  shoot. 
Source:  PROSEA 

True  leaves  reduced  to  minute,  bract-like,  tri- 
angular, brownish,  prickly  scales,  with  3-6 
dadddes  in  the  axils.  Flowers  solitary  or  in 
pairs  in  the  leaf-axils,  unisexual,  small,  tubu- 
lar-campanulate,  pendulous,  6-merou8,  green- 
ish yellow;  tepals  shortly  united  at  base>,  6-8 
mm  long  in  male,  4-^5  mm  in  female  flowers; 
male  flowers  with  free  stamens  inserted  near 
the  base  of  tepals  and  a  rudimentary  ovaty; 
fim.ilc  flowers  with  superior,  .^-celled  ovarj', 
short  style,  3-lobed  stigma  and  rudimentary 
stamens.  Fruit  a  globose  berry  up  to  1  cm  in 
diameter,  red.  Mj-seeded.  Seeds  rounded,  with 
a  flattened  side,  black. 

Other  botanical  information  Aspaiagua 
comprises  about  200  species.  Many  more  than 
100  of  those  occur  in  .Xfrica  and  most  have 
been  considered  as  belongmg  to  a  separate 
genus  ProtaaparagiiB  on  the  baaia  of  bisexual 
flowers  usually  in  fiaaddeB  at  racemes,  and 
globose  seeds.  However,  species  with  interme- 
diate characteristics  occur,  and  Pwl asparagus 
can  best  be  induded  in  Aaparoffis.  Some  other 
species  have  been  placed  in  another  genus, 
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Myrsiphylhiiii .  mninly  differing  in  cohering 
stamens,  but  this  genus  is  also  included  in  As- 
pcavgus,  although  usually  distinguished  as  a 
subgenus.  Some  wild  Asimrnsiix  species  are 
used  in  a  similar  way  as  Asparagus  offkiiiaMs, 
Growth  and  development  Germination  is 
slow,  witli  the  optimum  tempemture  being  25- 
3U°C.  Initially  a  single  shoot  and  a  single  root 
develop,  but  once  the  first  shoot  has  fully  ex- 
pnnded,  a  second  shool  i[  is  fi  inn  tlie  jutic- 

tion  of  the  initial  shoot  ami  the  root  'I'his  is  the 
origin  of  the  primarj'  bud  cluster,  but  m  time 
seoondaiy  bud  clusters  develop  in  the  axils  of 
some  of  the  priman,'  buds.  Normally  each  bud 
produces  two  storage  roots  at  about  the  tune 
that  the  bud  develops  into  a  shoot.  Apical 
dominance  within  each  bud  clustei  is  strong, 
and  the  next  bud  in  the  duster  does  nut  nor- 
mally develop  until  the  previous  one  is  fully 
developed  into  a  shoot  (or  the  spear  is  har- 
vested). FIowerinLT  starts  already  in  the  first 
year  and  is  coutmuous.  The  plants  are  insect- 
pollinated. 

In  the  humid  tropics  the  plants  remain  green 
and  never  go  dormant.  In  temperate  climates 
the  aerial  parts  senesce  durmg  autumn,  and 
growth  continues  the  following  spring  as  the 
rhizome  buds  ffirm  shoots.  In  the  .irid  tropics 
dormancy  can  be  induced  by  withdrawing  irri- 
gation. Under  such  dicumstaaoes  productitm 
can  be  programmed  for  any  time  of  the  year. 
Because  the  .spears  from  rhizome  buds  com- 
prise the  marketable  yield,  it  is  necessarj'  to 
establish  a  large  pool  of  stored  food  reserves, 
mainly  long  chain  fructans,  in  the  swollen  roots 
before  the  start  of  harvesting.  It  is  therefore 
general  practice  not  to  harvest  until  two  years 
after  planting,  and  to  slowly  increase  (ho  har- 
vest period  from  M-1  weeks  to  10-12  weeks  per 
year  from  the  third  to  the  filth  year.  Senes- 
cence of  asparagus  in  the  tropics  starts  earlier 

tb.'in  in  tcmpcr.'iti-  areas  due  to  the  absence  of 
dormancy.  In  western  Europe,  [dants  of  over 
100  years  of  age  have  been  reported,  although 
it  is  normally  not  economic  to  harvest  longer 
than  10-1.")  years.  In  the  tropics  the  crop  starts 
to  decline  fast  and  becomes  uneconomic  alter 
6-8  years,  and  in  lowland  areas  already  after 

3—4  years.  Once  the  old  asparagus  plants  have 
been  removed,  the  same  field  cannot  be  used 
for  new  asparagus  plantings  for  tens  of  years, 
probably  because  tiie  remaining  tough  old  i  r>oi  s 
contain  phytotoxic  compounds  and  are  infected 
with  Fusariuin. 

Ecology  Afli>aragu8  has  no  daylength  re- 
eponse.  Photosynthetic  activity  appears  to  in- 


crease up  to  300  \\7m-  P.\R  (Photosyntheticallj' 
Active  Radiation)  as  in  most  C3  plants.  The 
optimum  temperature  for  drj'  matter  accumu- 
lation is  2.5-30T  but  the  optimum  tempera- 
ture for  the  accumulation  of  food  re8er\'es  in 
the  roots  may  be  slightly  lower.  A  high  relative 
humidity  is  a  distinct  disadvantage  due  to  foli- 
age diseases.  The  crop  can  be  successfully  pro- 
duced at  low  altitudes  even  in  the  tropics, 
though  yield  and  spear  quality  are  not  as  high 
as  at  hitjbor  altitudes.  Absence  of  frost  during 
the  gixiwmg  season  is  important.  Deep  well- 
drained  sandy  loams  or  volcanic  soils  are  pref- 
erable, Especially  for  white  asparagus  a  light 
sandy  soil  is  preferred,  whereas  for  green  as- 
paragus the  soil  texture  may  be  heavier.  As- 
paragus appears  to  be  able  to  grow  in  a  wide 
range  ofidl  tbousjh  .'1  8-<>..5  is  optimum. 

Propagation  and  planting  Propagation  is 
primarily  by  seed.  The  weight  of  1000  seeds  is 
2.5—40  g.  The  inijiort  of  one-year  old  rhi/omes 
(crowns)  of  superior  western  European  hybrid 
cultivars  for  large-scale  asparagus  production 
in  the  tropics  has  been  economically  disastrous 
in  many  cases  because  the  initial  investment  is 
too  high  and  the  yield  capacity  and  lifespan 
much  lower  than  in  a  temperate  climate.  Be- 
sides, this  practice  increa.ses  the  risk  of  the 
mtroduction  of  new  pests  and  diseases.  It  is 
recommended  that  seedlings  be  raised  in  situ, 
which  is  the  normal  practice  of  smallholders. 
Becnuse  asparagus  is  a  long-term  crop,  the 
choice  of  a  cultivar  is  critical;  recommended  are 
'Lucullus*  for  white  and  'Jersey  Giant'  for  green 
aspar;igus. 

Seed  is  sometimes  sown  directly  in  the  final 
growing  site,  but  more  commonly  in  a  field 
nurseiy.  Production  of  seedlings  in  containers 
under  protective  cultivation  is  becoming  in- 
creasmgiy  important  with  the  higher  costs  of 
genetically  improved  seed.  In  the  nurseiy, 
seeds  are  sown  at  distances  of  I-t  cm  in  the  row 
and  35  cm  between  rows.  A  nursery'  of  about 
100  m'  needs  0.8-1.0  kg  seed,  to  produce 
15,000-25,000  suitable  seedlings  (crowns)  for 
transplanting.  In  temperate  ilimales  1 -year- 
old  crowns  in  the  dormant  stage  are  uprooted 
early  in  spring  for  planting  in  the  field;  in  the 
trof>ifs  trans[ilanting  is  done  much  I'.-ii-lif'r 
after  about  8  months.  Plant  spacing  m  the  field 
is  normally  1.8  m  between  the  rows  and  0.3  m 
inUie  row  (18.000  plants/lia)  for  white  aspara- 
gus production  and  1..5  x  0.3  m  (22,000 
plants/ha)  lor  green  asparagus  pi-oduction. 
Planting  is  in  16-20  cm  deep  furrows,  the 
crown  buds  pointing  up  and  the  roots  ^read 
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out.  Thoro  is  increasinf;  mt<7rcst  in  vogetativc 
propapntion,  using  tissue  culture  methods  to 
clone  elite  plants,  but  this  method  is  eTpeaaive 
and  still  iti  ihc  I'xpi'i  iincntnl  stage. 

Management  Ai\  adequate  supply  of  nutri- 
ents, particularly  nitrogen,  phosphate,  magne- 
sium ami  ixjtassium.  is  refommended.  For  a 
high  yielding  crop  of  about  6  t/ha/year,  the  an- 
nual fertilizer  application  could  be,  depending 
on  the  soil  condition,  100  kg  N',  kg  P.  80  kg 
1\  rind  <>()  kg  Mg  Roforr  tho  hoginning  of  tho 
harvest  the  rows  need  to  be  eai-thed-up  mto 
raised  beds  of  up  to  50  cm  in  height  with  soil 
from  between  the  rows.  Good  control  oi"  weeds 
is  eflsential,  not  only  to  reduce  competition,  but 
also  to  enable  the  yoimg  spears  to  be  seen  at 
harvest.  Staking  is  sometimes  done  in  the  trop- 
ics when  using  the  'mother  fern'  system  (stv 
under  Harvesting).  The  only  pruning  in  ihe 
tropics  might  be  to  remove  the  tops  of  the 
hiu'hosl  shoots  to  rodurr  wind  dnniago.  Irriga- 
tion requirements  depend  on  rainfall,  but  be- 
cause the  crop  is  deep-rooted  it  is  not  normally 
considered  important  except  in  arid  areas. 

Diseases  and  pests  In  the  humid  tropics 
the  major  diseases  are  ihose  attackmg  the 
stems  and  foliage,  namely  SUmphylium  bot- 

ryosuiti  Ccrrospora  a.ipara^i  ;md  Phniiia  as- 
ptiragi.  Control  is  by  regular  spraying  with 
fungicides  (e.g.  Mancozeb).  Some  cultivars  de- 
veloped in  New  Jersey  (United  States)  appear 
to  have  some  rosistnnco  to  these  diseases. 
Fusarium  oxyspomm  is  a  major  problem  in  all 
climates,  and  appears  to  be  related  to  excessive 
harvesting.  Fn.s<tritiiii  as  well  as  Phoma  can 
also  be  kept  under  control  with  good  drainage 
and  a  balanced  fertilizer  application. 

Harveatiag  In  temperate  climates  the 
young  spears  are  har\'Ostod  in  spring  for  n  pe- 
riod of  up  to  12  weeks,  startmg  in  the  second 
year  after  planting.  After  the  harvest  period, 
the  foli.nge  is  allowed  to  grow  to  replenish  the 
stoi'ed  reserves  in  the  roots  for  next  year  s  crop. 
In  tropical  climates,  harvesting  is  usually  at 
any  time  of  the  year,  using  the  'iii<  i  her  fern'  or 
'mother  stalk'  growing  system,  in  whuh  tonco  a 
plant  is  well  established)  3—5  mature  photosyn- 
thesizing  shoots  are  maintained,  while  newly 
dovoloprd  spears  are  han'ostod  nt  the  appro- 
priate stage.  For  green  asparagus,  spears  are 
cut  with  a  knife  at  (or  just  below)  ground  level 
when  the.v  u  e  about  18-25  cm  tall.  For  white 
asparagus  the  spears  are  cut  with  a  long- 
bladed  knife  just  above  the  rhizome  when  they 
emevge  through  the  soil  surface. 

Yield  Worldwide  the  average  jrield  is  3  t/ha 


per  year  because  of  the  long  period  of  estab- 
lishment, but  yields  from  established  ci'ops  are 
about  3.6  t/ha  in  average.  In  Western  countries 
fields  in  full  production  ( 1-10  years)  yield  up  to 
6  t/ha.  In  arid  subtropical  climates,  where  it  is 
possible  to  harvest  3  crops  every  two  years, 
yields  can  be  as  much  iis  1.")  1/ha/year.  but  the 
crop  duration  is  shorter  than  in  cool  cUmates. 
White  asparagus  yields  10-25%  more  than  a 
comparable  green  asparagus  crop,  btn-ause  the 
spears  are  thicker,  and  are  harvested  closer  to 
the  idiizome. 

Handling  after  harvest  The  spears  are 
washed,  cut  at  equal  length  (between  15  and  22 
cm),  sorted  and  packed  for  marketing.  Aspara- 
gus spears  have  a  high  respiration  rate  and 
therefore  deteriorate  rapidly  after  harvest. 
They  should  lie  removed  from  the  field  as  soon 
as  possible  after  harvest  and  then  stored  at 
high  humidity  and       (for  up  to  4  weeks  for 

while  asparagus;  green  asparagu.s  has  a  much 
shorter  shelf  life  and  can  be  stored  for  only 
about  a  week). 

Genetic  resources  Germplasm  collections 
of  Asparagus  officinalis  cultivars  are  held  at 
the  Crops  and  Food  Research  Institute,  Lin- 
cohi,  Canterbury,  New  Zealand,  and  at  the 
USD.A  Northeast  Regional  Plant  Introduction 
Station,  Cornell  University,  Geneva  NY, 
United  States. 

Breeding  In  Ehirope  and  America,  many 
cultivars  of  Aspafoffus  nffirinnlis  exist,  hut 
cultivars  especially  selected  for  the  tropics  are 
lacking  and  local  plantings  from  farmers'  seed, 
resulting  from  old  seed  imports,  are  very  het- 
erogeneous. Major  breeding  objectives  are  re- 
lated to  the  development  of  improved  cultivars 
for  disease  resistance,  yield  and  quality.  .\p- 
pearnncp  and  low  fibre  content  are  particularly 
important  in  white  asparagus,  in  Europe, 
breeding  efforts  are  directed  towards  tiie  pro- 
duct ion  of  super  male'  hybrid  cidtivars  with 
big  spears  of  uniform  quality.  Male  plants  Uve 
longer  and  yield  better  than  female  ones.  In 
g^eral  these  hybruls  aif  vigorous  and  early 
producing  but  susceptib!'.  to  diseas<>s  and  less 
suitable  for  the  tropics  than  the  traditional  old 
open-pollinated  cultivars  sudi  as  'California 

mr.  Mary  Washington'.  'Lucullus',  'Violette 
d'Argcnteuil  or  Jersey  Giant  . 

Prospects  There  is  increasing  interest  from 
afQuoit  countries  in  obtaining  fresh  asparagus 
year-round  This  asparagus  is  obtained  from 
northern  and  southern  hemisphere  sources 
during  the  appropriate  spring  periods,  but 
could  be  supplied  from  the  (highland)  tropics 
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during  the  remaining  6  months  of  the  year. 
With  the  increasing  interest  in  fresh  rather 
than  processed  vegetables,  the  potential  for 
this  crop  in  the  tropics  appejirs  yuoil.  nlsd  ]>v- 
cause  of  the  low  labour  costs.  The  major  chal- 
lenge is  to  develop  cultivars  adapted  to  the 
tropics,  and  the  ;ippr()]>ri;ite  ferhnnlopy  for 
production  m  the  humid  tropics  through  the 
correct  choice  of  site  (high  or  medium  altitude) 
and  harvesiiny;  strategj.  Other  priorities  are 
the  control  of  foliape  nnd  soil  diseases  nnd  the 
establishment  of  a  sound  post-hai-vest  and 
transportation  infrastructure. 

Bf^jor  references  Benson.  B.L.,  1999;  Ni- 
chols, M.A.,  1991;  Xichols,  M^.,  1993;  Robb, 
A.R.,  1984;  Uragini,  A.,  2002. 

Other  references  Holltind  B..  L'nvvin,  I.D, 
&  Buss,  D.ll.,  1991:  Hunt;  Lih.  1980:  Messi- 
aen,  C.-M.,  1989;  Rubatzky,  V.E.  &  Yamaguchi, 
M.,  1997;  Standhardt,  D.  &  Kecke,  S.,  1997; 
Tindall,  n  n.  ins:', 

Sources  of  illustration  Nichols,  M.A., 
1993. 

Authors  M  A,  Xieliuls 
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Astragalus  ATROPILOSULUS  (Hochst.) 

Bunge 

Protologue  Mem.  Acad.  Sd.  St.-Petersb., 
Ser-  7,       1 1:  1  ( 1S(!!V) 

Family  Papihonaceae  (Legummosae  -  PapUio- 
noideae.  Fabaoeae) 

Synonyms  Astragabia  (Ayaaiaieus  Steud.  ex 
A-Rich.  (1847). 

Orlgiii  and  geographic  dlatrflmtioii  Aatnt' 
gains  atropiloauhis  occurs  from  Sudan  and 
Eritrea  south  to  northem  South  .\frica,  extend- 
ing west  into  the  e.\treme  east  of  DR  Congo.  It 
is  also  found  in  Yemen  and  southwestern 

Snudi-.Arabia. 

Uses  In  Malawi  the  cooked  leaves  are  eaten 
as  a  side  dish,  sometimes  mixed  with  leaves  of 
Solanuni  iiigruiii  L.  In  Kenya  a  decoction  of  the 
roots  is  jidded  to  hot  milk  :ind  given  to  women 
with  uterine  pains  after  childbirth. 

Properties  Phjrtodhemical  analjrsis  of  the 
whole  plnnt  showed  the  presence  of  alkaloids, 
flavonoids,  tannins,  volatile  oils  and  ster- 
ols/triteipenes.  An  ethanolic  extract  produced  a 
decrease  in  heart  contractions  and  a  faU  in 
blood  pressure  in  rabbits  neuromuscular 
blocking  activity  in  rats  and  frogs,  and  hyper- 
natraemia  in  rats. 

Botany  Erect,  peroinial  herb.  Leaves  alter- 


nate, up  to  2.5  cm  long,  imparipinnate  with  1 1- 
51  leaflets;  stipules  large,  leaf-like,  entire, 
broadfy  triangular-ovate;  rachis  nearly  gla- 
luous.  sometimes  pubeswnt:  Icallcts  opposite, 
narrowly  elliptical  or  lanceolate,  up  to  3  cm  x 
1.5  cm,  apex  obtuse.  Inflorescence  a  many* 
flowered  rao^e;  bracts  linear  whitish.  Flow- 
ers bisexual,  papilionaceous,  5-merous;  calyx 
tube  1.5  mm  long,  upper  teeth  0.5  mm  long, 
lower  ivi'lh  up  to  2  mm  long;  corolla  purplish, 
white  or  yellow  with  st.md.nrd  up  to  1..'?  cm 
long.  Fmit  a  lanceolate  pod  up  to  4  cm  x  7  mm. 
Aatragcdua  comprises  about  2000  species  and  is 
mainly  north  temperate  in  distribution,  with 
the  largest  number  of  species  in  western  and 
central  Asia.  A  few  species  are  known  in  north- 
ern  .Africa  from  dry  areas.  In  the  more  humid 
highlands  of  Africa  Astntgallta  is  represented 
by  a  single  variable  species,  Astragalus  alropi- 
losulua,  in  which  several  subspecies  and  varie- 
t  ic- li;r-i  lieen  distinguished. 

Ecology  Astragaltis  atropilosulua  is  found  in 
upland  grassland  and  scrub  vegetatifm,  along 
streams,  forest  margins  and  in  disturbed  habi- 
tats, ;it  8n0-:iS0r)  m  nitiludf. 

Genetic  resources  and  breeding  A  lew 
accessions  of  Aalragalua  alropUoaubia  from 
E(hiopi;i,  Ki  n\-.i  .ind  Zimbabwe  .-in'  h<4d  in 
genebanks  m  Ethiopia,  Kenya,  Australia  and 
Colombia.  The  variation  present  in  the  species 
is  not  likely  to  have  been  captured  in  these 
collections  Rven  so  ris  Astrnffoliis  ntrnpilosu- 
lus  lb  widely  distributed  and  common  it  is  not 
likely  to  be  threatened  by  genetic  erosion. 

Prospects  As  a  vegetable  Astraoahts  aiiopi- 
lusiihis  IS  likely  to  remain  of  some  importance 
onl\  l:M  <.lly. 

Major  references  f  liHeit.  -I  B.,  19(54:  Gil- 
lett,  J.B-,  Polhill,  R..\i,  Verdcoun  !i  Schu- 
bert, B.(j.,  Mihie-Redhead,  E.,  &  Brummitt, 
R.K.,  1971;  Kokwan,  1993;  Pope,  G.V., 
Pnlhill  R  M  &  Martins,  E.S.  (Editors),  2003; 
Williamson,  J.,  1955. 

Otiher  references  Al-Yahya,  M.A.,  Mossa, 
J.S..  Al-Badr.  A.A..  Tariq.  M.  &  Al-Meshal 
I.A.,  1987;  Thulin,  M.,  1989;  Wenninger,  J., 
1991. 

Authors  C.H.  Bosdi 
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ASYSTASIAGANGETICA  (L.)  T.Andersoii 

Protologue  Thwaites,  EInum.  pi.  zeyl.:  235 
(1860). 

Family  Acanthaceae 

Chromoaome  niuuber  2n  =  26,  52 

SynoujmiB  Aayatcuia  eommmtdeUma  Neea 
(1832). 

Vernacular  names  Tropical  primrose,  Chi* 
ni'sv  violol  (Ed).  Herbe  le  rail,  mange-(out, 

horho  pisfnrho,  pistnrho  marrnn  (Ft).  Asistnsin 
bronca  (Po).  Fuchwe,  mtikini,  kichwamangwo 
(Sw). 

Otigiliaud  geographic  cUstributiou  .  Uysta- 
na  gcmgetiea  is  native  in  tropical  Alrica,  Ara- 
bia and  tropical  Asia,  but  has  been  introduced 
in  many  other  tropical  n  i^mns  where  it  often 
naturalized.  It  occurs  throughout  tropical  Af- 
rica. 

Usea  Asyatasia  gangetiea  is  locally  used  as  a 

pothorb  and  Ifnfy  votiol nlilr,  mninly  in  tinios  of 
srarrity  In  Ivonya  and  Uganda  it  is  locally  a 
popular  \egetable,  mixed  with  beans  and 
groundnut  or  sesame  paste.  It  is  also  often  pre- 
pared in  a  mix  with  other  leafy  vegetables.  Asya- 
tasia gangetiea  is  sometimes  promoted  as  a 
cover  plant  in  orchards  because  it  diedcs  erosion 

and  [H'l'vcnl  s  infcslalion  by  noxinus  wfcds,  and 
because  il  at  tracts  bees  tu  the  orchard.  Because 
of  its  ability  (o  grow  under  shade  and  its  high 
nuMtive  value.  Asyalasia  ^angelica  is  used  ns  a 
forajfo  for  cnttlo.  poats  and  shcop  in  South-Ea.^t 
Asia;  it  is  either  grazed  or  cut  for  stall  feeding. 
Exoesfflve  oonaumption  by  sheep  can  result  in 
bloat 

In  Africa  an  infusion  of  the  plant  is  used  to 
ease  pain  during  diildbirth,  and  the  .sap  i.s  a}i- 
plied  to  sores,  wounds  and  piles,  and  in  embro- 
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Aayatasia  gangetiea  -  wild 


cations  to  treat  stiff  neck  and  cnlarRcd  spleen 
in  children.  Powdered  roots  are  considered 
analgesic  and  used  in  treating  stomach-ache 
and  snakebites.  A  leaf  dcoirl  ion  is  used  as  an- 
algesic and  to  treat  epilepsy  and  urethral  dis- 
diarge.  In  Nigeria  the  leaves  are  used  to  treat 
asthma.  In  India  the  sap  is  aiiplicd  to  swi  ll- 
ings;  it  is  also  used  as  a  vermifuge  and  to  treat 
rheumatism.  In  the  Moluccas  (Indonesia)  the 
juice,  to^'i'iliri  wiib  lime  and  onion  juice,  is  rec- 
omnirndcd  for  diy  cou^lis  with  an  irritated 
throat  and  discomfort  m  the  chest.  In  the  Phil^- 
pines  the  leaves  and  flowers  are  used  as  an  in- 
testinal  astrintjiiit  In  Tanzania  plants  are 
pounded  with  water  to  make  a  wash  against 
fleas  for  young  animals.  Aaytkuia  gangetiea  is 
oocasionallx  |)lanted  as  an  ornamental. 

Properties  The  nutritional  composition  of 
Asysla-sia  gangetiea  leaves  per  100  g  edible 
portion  is:  water  82.6  g,  energy  234  kJ  (66 
kral),  protrin  .'17  fal  ]  .2  g,  carbohydrato  10.4 
g,  Ca  226  mg,  P  30  mg,  Fe  4.7  mg,  carotene 
6250  pg,  thiamin  0.19  mg,  riboflavin  0.21  mg, 
niacin  1.0  mg,  ascorbic  acid  42  mg  (Leung.  W.- 
T.W..  Butrum  R  R  &  ^hang.  Fdl.  1072)  E.v- 
tracts  of  Asyslu^ia  gangetiea  have  shown  anal- 
gesic and  anti-asthmatic  properties  in  pharma- 

folotiicnl  1 1  -I  - 

Adulterations  and  substitutes  Aayslaaia 
myaoretms  (Roth)  T-Anderson  is  used  as  a  sub- 
st  itute  for  Myatada  gangetiea,  as  are  several 

Justiria  sppcios. 

Description  Perennial  herb,  with  usually 
ascending,  branched,  quadrangular  stem  up  to  2 
111  long  ofton  rooting  at  the  lower  no<k>s.  Leaves 
opposite,  simple;  stipules  absent;  petiole  0.5-6 
cm  long;  blade  ovate  to  lanceolate,  3-8(-l  3)  cm  x 
1.5-^.6(-7)  cm,  base  cuneate  to  tm  1 1;  apex 
acuminate  or  aruto,  marjnn  nntin'  glabrous  to 
q>arsely  pubescent,  with  1-6  lateral  vems  at 
each  side  of  the  midrib,  provided  with  cystoliths. 
In florpsofiiro  a  lorminni  rarrmo  up  to  2fi  cm 
long,  with  flowers  chicctcd  to  one  side.  Flowers 
bisexual,  slightly  z}  g<inior|ihic.  5-merou8;  pedicel 
up  to  3  mm  long;  calw  v.  iili  l.nufolate  lobes  I— 
10  mm  lonu:  corolla  funnol-shaju'd.  up  to  about 
2.5(-~4)  cm  long,  usually  while  with  purplish 
qpots  inside  lower  kbe,  with  rounded  lobes  c.  1 

cm  wide,  lower  lobe  slightly  longer;  stamens  I  2 
shorter  and  2  longer;  ovaiy  superior,  densely 
pubescent,  2-ceIled,  style  up  to  l,5(-2)  cm  long, 
stigma  with  2  short  lobes.  Fnut  a  club-shaped 
capsule  2-.3  cm  long,  pubesi-ent  and  glandular, 
usually  1-seeded.  Seeds  ovoid,  flattened,  4-5  mm 
long;  grey  to  brown,  with  croiate  mai^s,  tuber- 
oulate,  8iq>poirtedby  tetinacula. 
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AayaUuia  gangeUea  -  I,  flowering  and  fmUing 
branch;  -.  Pnu}er  in  longitudinal  aection;  3, 
ddtiseed  [mil. 
Source:  PROSEA 

Other  botanical  information  Asysln.ti'a 
comprises  about  50  species,  and  is  distributed 
in  the  tropics  of  the  Old  World,  with  about  30 
sixH-K's  in  tropical  Africa  Two  sub8pe<:'ie«:  can 
be  distinguished  within  Asystasia  gangetica. 
Subsp.  mieraniha  (Nees)  Ensermu,  with  corolla 
norm  a  II}'  loss  than  2.5  cm  long  and  style  less 
than  1.5  cm  lonp  is  diploid  (2«  =  26)  and  dis- 
tributed ill  tropical  Africa,  the  Indian  Ocean 
islands  and  knkAti.  Subsp.  gangetica,  with 
rorolln  normally  mnrn  than  2.^  cm  Iopr  and 
style  more  than  1.5  cm  long,  is  tetraploid  (2it  = 
52)  and  distributed  in  India,  Sri  Lanka,  South- 
East  Asia  and  islands  of  the  Pacific  f  )ci'an,  and 
introduced  in  tropical  America.  Hoth  suhspe- 
cies  can  be  weedy,  but  subsp.  inicmntha  is 
more  serious  as  it  is  more  vigorous  and  tends 
to  become  <!<  cumhcnt,  prnihicint;  a  douse  car- 
pet of  rooting  stems  and  foliage. 

QrowHi  and  develoimieiit  The  period  from 
seedling  emerg^ce  to  seed  dispersal  can  be  as 
short  as  8  we<^ks  in  open  areas,  hut  it  can  take  2 
weeks  longer  ui  partially  shaded  areas.  It  takes 
one  month  &om  flower  devek^ment  to  seed 
diqpersaL  The  seeds  are  thrown  as  far  as  6  m  by 


nn  explosive  opening  mechanism  of  the  fruits, 
triggered  by  hot  aft  ernoons. 
Asystasia  gang^a  is  a  shade-loving  plant  and 
optimum  photosynthesis  occurs  between  30% 
and  50%  full  sunUght.  With  no  weeding,  its 
proportion  in  the  undei^rowth  of  a  jroung  oil 
palm  plantation  increased  in  a  period  of  2 
years  from  25%  to  84%.  It  grows,  though 
slowly,  under  a  closed  canopy  of  oil  palm  with 
less  than  10%  full  sunlight 

Ecology  A.Hv.ttn.sin  gan^^t'ticd  is  found  along 
roadsides  and  river  banks,  m  more  or  less  water- 
logged  areas  as  well  as  well-drained  cultivated 
areas,  from  sea-level  up  to  2"0n  ni  altitude,  In 
areas  with  a  dry  season  of  4  months  or  more  it 
may  not  survive.  It  thrives  on  coastal  alluvium, 
peat  soils  w  ith  8.^i%  organic  matter  and  pH  3.6- 
4.5,  sandy  loams  and  clay  soils. 

Propagation  and  plantillg  Asystasia  gMi' 
geiiea  can  be  propagated  by  seed  and  stem  cut- 
tings with  1—.'!  nodes.  Single-node  cuttings  buried 
in  soil  produce  flowers  and  fruits  within  0  weeks. 

Ifanaganent  Its  agressiveneBs,  high  uptake 
of  soil  nutrients  and  abihty  to  smother  other 
species  have  characterized  .  l.sv.v/(/s(V/  gaugoiica 
as  a  weed  m  plantation  management.  However, 
the  high  palatability  and  digestibilily  of  Asysta- 
sia gavgciica  make-  ii  ,it  i  raci  ivc  to  grazing  ani- 
mals as  plantation  undei^rowth. 

Diseases  attd  pesta  Asystasia  gangetica  is 
susceptible  to  the  fungus  Colhtotrichum  dema- 
fill  III  which  causes  necrosis  defoliation  and 
stunted  growth.  In  West  Africa  it  was  observed 
as  a  host  plant  for  a  mottle  virus,  transmitted 

h\  a|)hlds, 

Harvesting  Young  tender  leaves  and  shoots 
of  Asystasia  gangetica  are  collected  as  a  vege- 
table. Frequent  cutting  for  stall  !<• -^Img  induoes 
early  dichai-ls  because  the  stems  have  long  inter- 
nodes  and  growmg  points  higher  up  the  stems. 
Low  grazing  pressures  or  kng  intervals  between 
grazing  allow  the  plant  1o  flower  and  sot  seed.  It 
is  usually  consume<l  fi  rsh  by  animals  but  it  can 
be  conserved  as  hay  i  f  j  >r<  >i >erly  dried. 

Yield  For  Asystasia  gangetica  grown  under 
hea\y  shade  ((5-lG%  full  sunlight)  dry  matter 
yields  of  2^  l/ha  have  been  recorded,  but  under 
a  more  open  canopy  of  Leucaena  leucocephala 
(Lamk)  do  Wit  at  2  m  ^  1  m  spacing  yields  of 
3.5-8  t/ha  were  obtained.  Tattle  production  in 
the  range  of  110—135  kg/hn  per  year,  equivalent 
to  27fi-T  10  g/head  per  day.  can  be  achieved  from 
native  forages  mixed  with  Asystasia  gangetica 
grown  under  oil  palm. 

Handling  after  harvest  Asystasia  gangetica 
leaves  can  be  dried,  pounded,  and  the  powder 
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stored  for  use  in  the  diy  soason. 

Genetic  resources  There  are  no  known 
germphi8tn  collections  of  Aaystasia  gangetica 
and  nu  breeding  progrnmmes  It  is  not  fit  risk  of 
genetic  erosion.  More  attention  to  its  different 
iy^es  may  be  desirable,  focusing  on  vegetable 
use  fniage  use,  medicinal  ]>roperties,  weetfy 
characteristics  and  ornamental  value. 

Prospects  Asystasia  gangclica  may  have 
potential  and  warrants  research  as  n  nutritious 
\-(  ;jctnb1o  as  an  auxilinn-  pl;int  in  agriciilturo 
and  as  a  forage  plant,  it  may  be  used  as  a  sub- 
stitute for  legumes  in  the  production  of  leaf  meaL 
However,  the  spn-ailing  of  some  types  as  a  se- 
rious weed  needs  attention. 

Major  refereiifi«s  Adetula,  O.A.,  1987;  En- 
sermu  Kilbessa.  1994;  Kang,  L.C.,  1981; 
Katende,  A.B.,  Ssegawa.  P.  &  Bunio.  A  .  1999: 
Lee.  S.A.  &  Chen,  CP.,  1992;  Leung,  VV.-T.VV., 
Butrum,  R.R.  &  Chang,  F.H.,  1972:  Maundu, 
P.M.,  Xputri  n.W.  &  Kabuyo,  ('Ml  S  199;);  Sri 
Endreswari,  2U03;  Ugborogho,  R.E.  &  Adetula, 
O.A.,  1988;  van  der  Zcm,  AP.M.  &  Grubben, 
G.J.H..  1976. 

Other  references  Adetula.  OA.,  1985: 
Akah,  P.A.  et  al.,  2003;  Bosser,  J.  &  Heme,  H., 
2000a;  Kiew,  R.  &  VoUesen,  K.,  1997;  Ririarat' 
nam,  J.S.,  Chan,  K W.  &  Opk,  H.T.,  1970;  Tan, 
T.K.  &  Tow,  S.A,  1994;  Yeoh,  H.H.  &  Wong, 
P.P.M.,  1993. 

Sources  of  iUustratioii  Lee,  S.A.  &  Chen, 
CP.,  1992. 

Authors  O.A.  Adetula 


AsYSTASiA  MYSOKENSis  (Roth)  T.Anderson 

Protoloiftte  Joum.  Linn.  Soc.,  Bot.  9:  524 

(1807) 

Family  Acanthaceae 

Synonyms  Asystasia  8chw^)«i  T.Anderson 
(1864)  \.sy.ttasia  rostrata  (Hodist.  ex  Nees) 
Solms  (1867). 

Origin  and  geographic  distribution  Aayata- 
aia  myaorenais  occurs  in  central  ><a<tern  and 
southern  Africa  from  Ethiopia  and  Eritrea  to 
Namibia  and  South  Africa. 

Uses  The  leaves  and  jroung  shoots  of  Aayata^ 

sin  ni  v.'<on-jisi.s  usually  rollortod  from  the  wild 
at  the  begimiing  of  the  raiay  season,  are  eaten 
as  a  vegetable  in  Tanzania;  they  are  sometimes 
available  on  local  tn.nkots.  Ibey  are  eaten 
boiled,  alone  or  mixrd  with  o.p.  cowpens,  toma- 
toes, onions,  coconut  milk,  pounded  oyster  nuts 
(Te^euria  pedata  (Sm.  ex  Sims)  Hook.)  or 
groimdnuts,  and  served  with  a  staple  food. 


Asysto.v'a  mysoi'ensis  is  also  useful  as  a  fodder 
and  potentially  as  an  ornamental. 

Botany  Erect  or  scrambling  annual  herb  up 
to  45  cm  tall,  shortly  hairy  Leaves  oi)posite. 
simple,  petiolate;  blade  ovate  to  obovate,  up  to 
6  cm  X  2  cm,  entire.  Inflorescence  a  terminal 
spike  up  to  5  cm  lon^:  brjuts  enclosing  the 
flowers,  green,  longer  and  wider  than  sepals. 
Flowers  bisexual;  sepals  6,  linear;  corolla  tubu- 
lar,  c.  1..")  cm  long,  while  with  green  spotted 
throat.  2-lobcd,  upper  lobe  apain  2-l<ihe(i,  lower 
one  3-lobed;  stamens  1,  anthers  mmutely 
mucronate  at  the  base;  ovaiy  superior,  2-oelled, 
hair\'.  style  slender,  stigmas  2.  Fruit  a  stalked 
capsule  c  2  cm  long,  pubescent  and  bearing 
small  glands,  at  maturity  opening  witii  2 
valves,  1-4-seeded.  Seeds  angular,  supported 
by  ret  macula. 

Asyslujiiu  comprises  about  60  species,  distrib- 
uted in  the  Old  World  tropics,  mostly  in  Africa. 

A.iy.ila.tra  niysarrii sis  is  related  to  the  better 
known  Aayatasia  gaiigetica  (L.)  T.Anderson,  of 
which  the  leaves  are  also  used  as  a  vegetable 
and  fodder,  and  which  has  numerous  medicinal 
properties  A.sysfasia  bitctliti'H  Lindau  (syno- 
nyms: Asyslu:iia  calyciua  Benth.,  Asyslasia 
dryadum  S.Moore),  distributed  in  West  Africa 
from  <  Uiinea  to  ("labon,  is  used  similarh'  as  a 
vegetable  in  Gabon.  A  decoction  of  its  leaves  is 
used  medicinally  against  headache  and  yaws 
and  a  poultice  is  applied  against  craw-craw 
sores  (ulcers). 

Ecology  Aaystasia  myaoreiiaia  occurs  at  for- 
est edges,  in  thidcets  and  secondary  regrowth, 
and  as  a  weed  in  fields  It  is  found  in  many  sail 
types  at  altitudes  up  to  2200  m,  in  Tanzania  m 
areas  with  an  annual  rainfall  of  1000-2100 
nun. 

Genetic  resources  and  breeding  Asyala- 
aia  inyaorenaia  is  common  in  its  area  of  distri- 
bution and  not  in  danger  of  genetic  eroeion. 

Prospects  A.iyslasin  inysnmi.si.s  will  remain 
a  minor  vegetable  of  local  importance. 

Bl^jor  references  .^new,  A.D.Q.  &  Agnew, 
S.,  1994;  Ruffo,  C.K.,  Bimie,  A.  &  Toignfis,  B., 
2002. 

Other  references  Meyer,  P.G.,  1968;  Sri 
Endreswari,  2003. 
Auliiors  P.C.M.  Jansoi 
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Barleruopaca  (Vahl)  Nees 

Protologue  A  DC,  Prodr.  11: 230  (1847). 

Family  AcanthucejiM 

Synonyms  Jualicia  opaca  V  ahl  (1805). 

Vemaeular  names  Child's  vegetable  (En). 

Origin  and  geographic  distribution  Barle- 
ria  opaca  occurs  in  western  and  central  tropi- 
cal Africa,  from  Cdte  d'lvoire  to  Gabon. 

Uses  The  leaves  of  Barieria  opaca,  collertcd 
from  the  wilH,  nrr  onton  ns  n  rooked  vegetnhle, 
e.g.  in  Ghana  and  Gabon.  The  leaves  are  also 
used  to  treat  children  for  piles  by  squatting  in 
a  warm  decoction.  In  \'i<;cii;i  the  whole  plant  is 
used  in  treating  jaundice,  rheumatism  and 
paral}'sis,  and  the  leaf  sap  is  applied  against 
catarrh, 

Properties  The  composition  of  fresh  leaves 
of  BarU-riu  opaca  is  per  100  g:  moisture  81  g, 
energy  230  kJ  (66  kcal),  protein  3.6  g,  fat  0.6  g. 
carbohyrlrato  11.7  g,  fibre  2.7  g,  Ta  871  mtr 
Mg  104  mg,  P  38  mg  and  Zn  0.6  mg  (Leung, 
W.-T.W.,  BuBson,  P.  &  Jardin.  C.  1968). 

Botany  Scrambling  slnuli  w  ith  haiiy  stems, 
sometimes  rooting  at  tlie  nodes  Leaves  oppo- 
site, simple;  peliule  up  to  0.5  cm  long;  blade 
elliptical  c.  7.6  cm  x  3.6  cm,  tapering  at  both 

ends,  mnrpin  entire,  with  sfnttcMv-d  simple 
hairs  at  both  surfaces.  Inflorescenct  r\  mose,  I— 
3-flowered,  close  together  in  the  nj  j  i  leaf 
axils  ;it  jipex  of  branches  ending  in  a  dense 
spike-like  stnietnre.  Flowers  bisexual  /ycro- 
morphic,  up  to  1  cm  long;  calyx  l-lobed,  2  outer 
lobes  lanceolate,  13-17  mm  long,  2  inner  ones 
smaller,  shortly  bifid  at  apex:  corolla  bell- 
shaped,  2-labiate,  white  to  \ery  pale  blue;  sta- 
mens 2,  anthers  blue,  staminodes  3;  ovar>'  su- 
perior, 2-oelled,  glabrous,  stylo  terete  glabrOUS, 
stipmas  2-lobed.  Fruit  a  spindle-shaped,  com- 
pressed capsule  c.  1  cm  long,  2-seeded.  Seeds 
discoid,  d^sely  covered  by  brownish  hygro- 
soopic  hairs. 

Bcaieria  comprises  about  300  species  and  oc- 
curs in  the  Old  World  tropics  except  one  spe- 
des,  whid)  is  found  in  Central  America.  The 
eastern  and  southern  ])arts  of  Africa  are  rich- 
est in  speciei^.  Baiieria  opaca  belongs  to  section 
FisBimura,  The  leaves  of  the  closely  related 
Dnrlrria  hrnu  iiii  S. Monro  are  used  Similarly  as 
a  vegetable,  e.g.  in  <jabon. 

Ecology  Baiieria  opaca  occurs  usually  in 
the  forest  undergrowth  in  the  lowland. 

Genetic  resources  and  breeding  Bnrlivia 
opaca  IS  rather  widespread  and  there  are  no 
indications  that  it  is  in  danger  of  genetic  ero- 
sion. 


Prospects  Darleria  opaca  will  remain  a 
vegetable  of  minor  importance.  Its  nutritional 
and  medicinal  properties  need  more  investiga- 

tion. 

Major  references  Burkill,  H..\l.,  1U85;  Bus- 
son,  P.,  1965;  Irvine,  F.R.,  1961;  Sillans.  R, 

Other  references  Aguilar  N.O.,  2001a; 
Balkwill,  M.J.  &  Balkwill,  K.,  1996;  Balkwill, 
M.J.  &  Balkwill,  K.,  1997;  Leung,  W.-T.W., 

Busson,  F.  &  -lardin,  C.  19G8. 
Authors  P.C.M.  Jansen 


Basella  alba  L. 

Protologue  Sp.  pi.  1: 272  (1753). 

Family  I^nsellaceMe 

Chromosome  number  2n  —  44,  48 

Synoiqms  Bcudla  ruhru  L.  (1763),  Basdla 
liiriffa  L.  (1759),  BcuelJa  oordifoUa  Lam. 
(1783). 

Vemaeular  names  Ceylon  spinach,  vine 

spinach.  Gambian  spinadi,  Malabar  nitjlit- 
shade,  Indian  spinach  (En).  Baselle.  biede  de 
Malabar,  epinard  indien,  brede  d  Angola  (Fr). 
Baoela,  bertalha  (Po).  Mboga  buterezi  (Sw). 

Origin  and  geographic  distribution  Ceylon 
spinach  is  usually  considered  a  native  of  south- 
em  Asia,  but  its  exact  origin  is  not  known.  It  is 
now  widely  cultivated  and  naturalized  in  the 
tropics  and  is  even  grown  in  temperate  7onos 
as  an  annual.  In  tropical  Africa,  it  is  most 
common  in  warm,  humid  regions  and  becomes 
rare  trnvards  the  drier  or  colder  parts  of  the 
continent.  It  has  been  recorded  in  many  coim- 
tries,  but  probably  occurs  throughout  tropical 
Africa. 


Basella  alba  -  planted  and  naturalized 
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Uses  ( 'eylon  spinach  is  commonly  grown  for 
its  young  shoots,  which  make  a  succulent, 
sli^tly  mucilaginous  vegetable.  It  is  boiled, 
uscil  ,m  :\  |ir»lhcrb  in  stews  or  soups.  fVii'd  in  oil. 
or  sometimes  used  as  a  green  salad.  Ceylon 
^inadi  is  popular  among  Europeans  in  Africa 
as  a  substitute  for  spinach,  ianl  young  tops  and 
seedlings  are  used  as  a  substitute  for  corn 
salad  (Valenemella  Uxuata  (L.)  Laterr).  Its 
fruits  hnvc  l)c<>n  used  for  dyeing;  the  n-d  fraiil 
juice  cnn  be  used  as  ink,  as  cosmoiir  niid  f<jr 
colourmg  foods.  A  number  of  medicinal  apphca- 
tions  have  been  reported:  young  leaves  are 
used  as  a  laxative,  and  the  red  fruit  juice  as 
eye-drops  to  treat  conjunctivitis.  In  Kenya  the 
leaves  are  used  to  cure  atmnackadie  and  con- 
stipation afb^  childbirth,  pu^ed  leaves  are 
applied  as  a  poultice  to  snres  In  East  Africa 
the  plant  is  given  to  livestock  to  increase  milk 
production.  Red  forms  of  Btuetta  aUm  are 
commonly  planted  as  omamontal?.  and  are 
even  popular  in  Europe  and  North  America  as 
pot  plants. 

Production  and  international  trade  Ceylon 

^luiiach  is  sold  in  many  local  markets.  It  is  a 
muior  vegetable  and  since  it  is  generally 
grouped  together  with  other  greens,  no  data  on 

production  or  trade  are  availalde. 

Properties  The  composition  of  fresh  Ceylon 
spinach  shoots  per  100  g  edible  portion  is:  wa- 
ter 93  g,  energj-  79  kJ  (19  kcal).  protein  1.8  g, 
fat  0.;{  p  carbohydrate  3.1  g,  Ca  109  mg  P  52 
mg,  Fe  1.2  mg,  vitamin  A  8000  lU,  thiamin 
0.06  mg,  riboflavin  0.16  mg,  niacin  0.60  mg, 
folate  140  ascorbic  acid  102  my  (I'SDA 
2002).  The  compusit  ion  is  comparable  to  other 
dark  green  leafy  vegetables  with  a  high  mois- 
ture content. 

The  leaves  contain  several  triterpene  oligogly- 
cosides  of  the  oleanane-type,  induduig  basel- 
lasaponins,  betavulgarosi^  I,  spinacoside  C 
and  momordins  Two  antifungal  peptides  and 
two  ribosome-inactivating  proteins  with  antivi- 
ral activity  have  been  isolated  from  the  seeds. 

Description  Short-lived  perennial  herb  up 
to  K-8)  m  long  succulent:  stem  twining,  slen- 
der, smooth,  green  or  purplish.  Leaves  alter- 
nate, simple,  fleshy;  stipules  absent;  petiole  up 

to  9  cm  long:  blade  ovate  to  heart-shaped,  2..'5— 
15  cm  X  2-12.5  cm,  usually'  cordate  at  base, 
acute  or  acuminate  at  apex,  dark  green  or  pur- 
plish. Infloieseence  an  axillary  spike  up  to  22(- 
.30)  cm  long  hanging  with  long  peduncle. 
Flowers  bisexual,  regular,  5-merous,  sessile, 
2.5-6  mm  long,  white,  pink  or  purple;  perianth 
fleshy,  uroeolate,  remaining  cbsed;  stamens 


Baaella  alba  -  flowering  and  fruiting  shoot. 
Source:  PROSEA 

inserted  near  apex  nf  perianth  tube;  ovary  su- 
perior, 1-oelled,  ovoid,  style  with  3  linear  stig- 
mas. Fruit  a  subgloboso  pseudo-hern,'  l-7(-10) 
mm  in  diameter,  enveloped  by  the  fleshj-  peri- 
anth, purplish  black,  containing  a  violet  juice, 
1 -seeded  Seed  globose,  c.  3  mm  in  diameter, 
dark  brown  to  black.  Seedling  with  epigeal 
germination;  cotyledons  lat^;  first  leaves  op- 
posite, later  ones  alternate. 

Other  botanical  iiiformation  Dasclla  com- 
prises 5  species,  3  of  which  are  endemic  to 
Madagascar  and  1  to  eastern  Africa.  BnseKa 
nihn  can  be  confused  with  Anmlrrn  cordi folia 
(Ten.)  Steenis,  which  is  sometimes  cultivated 
as  an  ornamental  in  tropical  Africa.  The  latter 
can  be  distinguished  by  its  slender  racemes  of 
pedieell.'it •  ■  iien-fl."-!i\  flo\\f-rs. 

Growth  aud  development  After  germina- 
tion of  the  seed,  growth  of  the  creeping  or 

elimbinp  .stem  is  fast  and  lateral  branches  a?-e 
soon  formed.  Ceylon  spinach  sends  out  mnners 
over  the  soil  which  develop  new  roots  at  the 
nodes,  thus  growing  on  indefinitely.  Harvesting 
the  young  tips  stimvdates  branching,  l/cavos  on 
lateral  branches  are  smaller  than  those  on 
runners,  and  with  plant  sraiescence  leaf  size 
decreases.  Flowering  starts  about  6  weeks  after 
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sowing.  The  flowers  arc  sclf-pollinatcd.  The 
firuits  ripen  in  about  1  month.  Basella  alba  is 
often  cultivated  as  an  annual,  but  with  ade- 
quate care  it  persists  for  over  one  year  in  culti- 
vation. 

Eeology  Ceylon  qiinach  does  well  in  tropical 

lowlands  at  elevations  up  to  500  m  hut  it  sur- 
vives even  at  2600  m  altitude  and  in  temperate 
regions.  Under  natural  conditions,  it  can  be 
fount!  in  forest  margin.**  and  clearings,  and  in 
tliirl<i'ts  often  in  slightly  wet  localities.  Ceylon 
spuiach  does  not  tolerate  frost.  The  optimal 
temperature  range  is  20-35*C.  It  is  a  short-day 
plant:  flowering  is  inhibited  at  daylengths 
longer  than  13  houra.  It  responds  to  light  shad- 
ing by  producing  larger  and  more  flucculent 
leaves  than  when  fully  exposed.  It  is  one  of  the 
ti<ipH;il  species  that  has  a  <"'i  photosynthetic 
pathway,  resultmg  m  last  phulusynlhesis  and 
high  dry  matter  production  under  high  light 
intensify  high  temperature  and  adequate 
moisture  and  soil  fertility.  Ceylon  spinach  tol- 
erates high  rainfaU  and  survives  diort  periods 
of  drought.  Water  stresa  encourages  early  flow- 
ering. It  grows  well  in  a  variety  of  soils  but 
prefers  humus-rich  weli-dramed  soils  with  pi  I 
6.6-7.0.  It  does  not  like  stagnant  water.  It  will 

produce  some  foli.ige  even  on  poor  shallow 
soils,  but  is  mtulerant  of  salinity. 

Propagation  attd  planting  Ceylon  spinacll 
is  grown  as  a  short-tenn  crop  of  2-4  months 
without  support  or  as  n  long-term  crop  grown 
on  trellises.  Propagation  is  by  seed  or,  occa- 
sionally, by  cuttings  of  about  20  cm  l<mg.  For 
short-term  c-iups  tliiect  sowing  is  pracfist-d  as 
well  as  transplantmg  of  seedlings  or  cuttmgs. 
Seedlings  10-16  cm  tall  or  rooted  cuttings  are 
transplanted  to  beds  at  a  square  spacing  of  40- 
50  cm  X  40-.5O  cm  or  in  rows  GO— 70  cm  apart 
and  25-30  cm  between  plants.  Plants  grown 
from  seed  are  more  productive  than  those 
gi-own  from  cuttings.  Thi  lOOO-seod  weight  is 
30-10  g.  For  a  short-term  crop,  Ceylon  spinach 
maj'  be  direct  sown  at  a  rate  of  300  seeds  per 
m-  (10  g/tn")  in  rows  10  cm  apart.  Thinning  is 
done  to  ]0(t  plants  per  m- after  15  days  at  the 
cotyledon  stage.  Kor  a  long-term  crop,  3—4 
seeds  per  hole  are  sown  directly  into  beds,  in 
double  lines  on  either  side  of  supports  1.2— L.'i 
m  high,  with  60  cm  between  the  rows  and  30 
cm  in  the  row.  When  grown  <m  a  commercial 
scale,  a  density  of  5  plants  per  m*  is  often  prac- 
tised. 

Management  Watering  should  be  liberal 
until  plants  are  well  established;  subsequently 
irrigation  of  about  8  mm  daily  is  required  dur- 


ing drj-  periods.  Partial  shading  is  recom- 
mended because  it  results  in  the  production  of 
larger  and  more  succulent  leaves.  Trellising 
has  the  advantage  that  the  foliage  is  kept  off 
the  ground.  This  facilitates  harvesting  and 
keeps  the  leaves  clean.  Ceylon  spinadi  can  do 
well  under  conditions  of  moderate  fertility  but 
IS  responsive  to  supplemental  NPK  and  organic 
fertilizer.  An  appropriate  rate  of  fertilization  is 
up  to  100  t  ha  niganic  manure  supplemented 
with  250  kg/ha  Xl'K  10-10-20  before  planting, 
followed  by  250  kg/ha  NPK  after  I  month. 
Straw  muldiing  is  ben^cial  especially  in  l^e 
early  stages  of  development  and  during  dry 
periods  to  conserve  water. 
For  seed  production,  plants  are  grown  on  trel- 
lises during  the  dry  season  with  irrigation. 
Fruits  are  picked  when  dry:  a  seed  yield  of 
1000-2000  kg/ha  can  be  oblamed. 
Diseases  and  pests  Ceylon  spinach  is  veiy 

suscejitihie  to  root-knot  nematodes  (}fi'Iai- 
dofiync  spp.).  The  damage  is  reduced  by  the 
application  of  a  high  dose  of  organic  maniue. 
Crop  rotation  with  non-susoeptible  crops  such 
maize  or  amaranth  is  recommended.  Ceylon 
spinach  is  remarkably  free  of  foliar  diseases 
and  pests  due  to  the  thick  leaf  cuticle.  Necrotic 

leaf  spots  cnisr  il  by  Ccrcnspnvn  hascUaP  and 
Acrotheciuin  baaeUae  sometimes  occur.  Young 
plants  are  susceptible  to  Rhiamctonia  rot.  A 
rust  (possibly  Puccinia  species)  causing  yellow- 
orange  spots  on  the  leaves  is  reported  as  prob- 
lematic m  Congo.  Removal  of  all  infected  leaves 
is  recommended  in  order  to  reduce  the  inocu- 
lum  rate. 

Harvesting  The  harvest  of  a  short-term 
crop  begins  about  3  weeks  after  sowing.  Tips  of 
branches  15—25  cm  long  arv  jjinched  out 
weekly  for  a  period  of  about  2  months.  For  a 
long-term  crop,  the  harvest  starts  5-6  weeks 
after  sowing,  or  somewhat  eariier  if  cuttings 
were  used.  For  transplanted  seedlings,  har- 
vesting starts  50-70  days  after  transplanting. 
Harvesting  continues  at  regular  intervals  for 
up  to  6  months^  when  the  leaves  become  too 
small. 

Yield  A  short-term  crop  yields  up  to  40  t/ha 
in  76  da3rs;  for  long-term  crops,  yields  are  very 

variable,  up  to  15  kg  of  shoots  or  leaves  per 
plant  or  80  t/ha  in  180  days.  Yields  of  20-50 
tAia  per  month  of  cultivation  have  been  re- 
ported, 

Handling  after  harvest  To  reduce  deterio- 
ration the  shoots  are  tied  in  bunches.  Ceylon 
spinadh  keeps  only  one  day  at  temperatures  of 
20-30'C.  For  longer  storage,  the  product 
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should  be  kept  ui  a  oool  room.  The  leaves  are 
not  usually  dried. 

Genetic  resources  Basella  alba  is  not  en- 
dangered beeause  local  selections  are  com- 
monly grown  in  home  gardens  and  for  the 
market.  It  has  been  included  in  the  traditional 
AfVican  WnTetnbles  Mandate  list  for  conserva- 
tion in  the  SADCC  region.  No  germplasm  col- 
lection by  national  genebanks  is  reported. 
Gemii)lnsm  is  being  conserved  w  ailu  in  the 
custody  of  the  fnrmers.  Onllertion  and  screen- 
ing of  local  material  is  advisable. 

Breeding  No  breeding  programmes  are 
known  to  exist,  although  several  seed  cnnii>a- 
nies  in  India  and  the  United  States  offer  their 
own  selections. 

Proqieeta  Ceylon  spinach  has  good  pros- 
l>'>(ts  as  a  productive  leafy  vegetable  with  ex- 
cellent nutritional  properties,  a  remarkable 
resistance  to  diseases  and  pests,  suitable  for 
bad^aid  cultivat  ion  ns  well  as  for  market  gar^ 
dens  in  the  lowland  tropics. 

Major  references  PAO,  1988;  Grubben, 
G.J.H..  1977;  C.uarino,  L,,  1997;  Messiaen,  C- 
M..  1989;  Rahmanayah  M.  1993a;  Sidwell,  K., 
1999;  Tindall,  H.D.,  1983;  USDA,  2002a. 

Other  refSereuees  Makandtila,  C,  1986; 
Maundu  Y\\\  Xjiuui  CW.  &  Knbuye  (MI  S  . 
1999;  Murakami,  T..  llirano,  Iv.  &  Yoshikawa, 
M..  2001:  Olembo.  N.K.,  Fedha,  S.S.  &  Ngaira, 
E.S.,  1995;  van  der  Zon,  .A.P.M.  &  ("ifubben, 
G.JH    Miyi;  Wang,  H.  &  Xr.  T  R  ,  'JOOl. 

Sources  of  illustration  Kahmansyah,  M., 
1993a. 
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Begonia  macrocarpa  Warb. 

Protologue  Engl.,  Dot  Jahib.  22(1):  43 
(1895). 
Family  Begoniaceae 

Synonyms  B^onia  aurieulata  auct.  nan 
Hook.f. 

Vernacular  names  r)seille  tie  la  brousae, 
oseille  de  gorille,  oseiUe  de  chimpanze  (Fr). 

Origin  and  geographic  disMbutton  Bego- 
Ilia  mncrnrarpn  is  widespread  from  Guinea  to 
DR  Congo  and  Angola. 

Uses  In  Gabon  Begonia  mcKroearpa  leaves 
are  eaten  as  a  cooked  veget  able,  as  a  substitute 
for  sorrel  (Riiiuex  spp  ).  Thny  nrr  opprerinted 
for  their  acidulous  taste  and  combine  well  with 
fish  or  crocodile  meat  in  stews. 

Botany  Erect  perennial  heib  up  to  110  cm 


tall;  stem  succulent,  swollen  at  the  nodes, 
slightly  hairj'  to  glabrous.  Leaves  alternate, 
simple;  stipules  ovate,  2-S(-10)  mm  long, 
toothed,  cadumus:  petiole  (0  H-)  1- If-."  a)  cm 
long,  blade  narrowly  ovate,  slightly  asymmetri- 
cal, (2-)4-15(-19)  cm  x  (l-)2.5-6(-7)  cm,  cor- 
date at  base,  acuminate  at  apex,  margin  entire, 
slightly  succulent,  glabrous.  Inflorescence  an 
axillary  scorpioid  cyme  with  up  to  17  male 
flowers  and  1  female  flower;  peduncle  1-1. 5(- 
2  cm  loiTj.  l''1i>wor«  iinisoxiial  with  2  ti'jials 
white,  often  reddish  at  base;  male  flowers  with 
broadly  ovate  to  circular  tepals  0.5-1  cm  long 
and  up  to  17(-23)  stamens  fused  at  base,  all 
anthers  facing  into  one  direction;  female  flow- 
ers with  ovate  or  obovate  tqpals  1—1.6  cm  long, 
ovarj'  inferior,  3-celled  and  3-winged,  styles  3, 
up  to  '5  5  mm  long,  fused  at  base  Fruit  ti  3- 
winged  capsule  1.5—3  cm  x  1.5-3  cm,  many- 
seeded. 

Bcgniiio  comprises  about  1400  species  with 
about  160  in  tropical  Africa.  Begonia  inacro' 
carpa  belongs  to  section  FiUdbegonia  and  is 
closely  related  to  Begonia  ann'ciilata  Hook.f., 
which  usually  has  larger  leaves  and  stipules 
and  a  longer  peduncle,  and  is  endemic  to  (Ja- 

bon. 

In  Central  Africa  several  other  Brffniiin  species 
are  eaten  as  a  vegetable  m  a  similar  way  to 
Begonia  macrocarpa,  e.g.  Begonia  elatostent- 
moides  Hook.f.  flc^Diiia  rminii  Warh.,  Begonia 
fnsialata  Wnrb.  Bi'Qoiiia  liivsiiliila  Monls.f, 
Begonia  homoeiisis  Irmsch.,  Begonia  sciaphiia 
Gilg  ex  Engl.,  Begonia  aeutifolia  Hook.f.  and 
Begonia  scs.sih' folia  Ilo<ik.f 

Elcology  Begonia  macrocarpa  occui-s  in  pri- 
mary and  secondary  forest,  especially  along 
roads  and  rivers,  up  to  1000  m  altitude  . 

Genetic  resources  and  breeding  Begniiia 
macrocarpa  is  widespread  and  even  occurs  in 
distuibed  habitats,  and  is  consequently  not 

t  1  III  ■(  ii-  I  Tdsion 
Prospects  Begonia  macrocarpa  and  other 
Begonia  species  will  probably  remain  minor 
vegetables,  which  are  locally  popular  because 
they  impart  an  acidulous  flavour  to  meat  and 
fish. 

M^lor  referenees  de  Wilde,  J.J.F.E..  2002; 
Rnpon  da -Walker,  A.  &  SUlans.  R,  1961;  Sose^ 

M.S.M.,  1994. 
Other   references    Arends,    J.C.,  1992; 

Burkill.    H.M..    1985:    Doorenbos,   J.,  SoseC 
M  S  \I   &  de  Wilde,  J..I.F.E..  1998. 
Authors  R.H.M.J.  Lemmens 
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Benincasa  msPIDA  (Thunb.  ex  Murray) 
Cogn, 

Protologne  ADC,  Monogr.  phan.  3:  513 

(1881). 
Family  Cucurbitaoeae 

Chromosome  number  2;;  =  21 

Synonyms  Cucurbiia  hiapida  Thunb.  ex 
Murray  (1784),  BenmcoKt  eerifem  Savi  (1818). 

Vernacular  names  W.-)\  y:()ur(l  Chin(>se 
winter  melon  white  ixmird,  ash  pourd  fu/zy 
melon  (En).  Courgf  cut-use,  bidao,  courgette 
velue  (Fr).  .Abdbora  d'agua,  comalenge  (Po). 

Origin  and  geographic  distribution  Wax 
gourd  is  a  cuitigen  probably  origmating  from 
Indo-China.  It  is  not  found  in  the  wild  and  no 
related  species  are  known.  It  has  been  grown 
since  ancient  timrs  in  southern  China  Japan 
and  southern  and  south-eastern  Asia.  Wax 
gourd  is  now  widely  cultivated  throughout 

tropicnl  .\sin  .nnd  is  .tIsd  rnthrr  ii<i{nil,-ir  in  thr 
Caribbean  and  the  United  States,  in  Africa  it  is 
a  vegetable  crop  of  limited  importance,  grown 
mainly  in  Ivist  and  southern  Africa.  In  Mada- 
gascar and  Mauritius  it  was  formerly  culti- 
vated, but  iL  seems  to  have  vanished  at  pre- 
sent. 

Uses  Wax  pourd  is  <jrf»\vn  both  Tnr  it.s  imma- 
ture and  mature  fruits.  The  immature  fruits, 
called  fuzzy  melons,  have  a  delicate  taste  and 
flavour  and  are  prepared  in  iIt  same  way  as 
summer  squash  from  Ciirtirbila  pepo  L.  In  In- 
dia they  are  used  extensively  in  curries.  The 
ripe  frtdts  have  juicy  greenish-white  flesh  with 
a  flat  taste,  They  are  especially  popular  ami>n^' 
people  of  Asian  descent,  but  they  are  also  liked 
by  many  Africans.  The  skin  is  peeled  or 
scraped  ofi^  seeds  and  pith  are  removed,  and 
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the  flesh  is  cooked  in  soups.  In  ( 'hinn  the  fruits 
are  often  stuffed  with  meat,  shrimps  and  vege- 
tables and  then  steamed  in  a  pot.  The  firm 
flesh  of  the  older  fruits  is  alsti  candied  with 
sugar  and  can  be  di'ied  for  later  use.  Young 
shoots,  leaves  and  flowers  are  occasionally 
eaten  too.  The  seeds  are  prepared  as  a  snack 
food  by  frying.  In  India,  the  wax  of  the  fruits 
was  formerly  scraped  off  to  make  candles.  Wax 
gourd  is  sometimes  used  as  a  rootstock  fm 
melon  (Ciii-ii ini.s  niflo  L.)  The  fruits  arc  \-alued 
for  their  medicmal  properties,  in  India  and 
China  they  are  used  as  an  anthelmintic,  anti- 
periodic,  aphrodisiac,  for  lowering  blood  sugar, 
against  epilepsy,  msanity  and  other  nervous 
diseases^  haemophysis  and  haemorrhage,  and 
as  a  diuretic,  laxative  and  bitter  tonic.  They 
are  recommendetl  in  Ayur\t"dif  medicine  for 
the  management  of  peptic  uk-ers.  The  seeds  are 
used  as  a  vermifuge. 

Prodiictaon  and  international  trade  Wax 
gourd  18  a  rather  important  market  vegetable 
in  subtropical  and  tn^ical  Asia,  and  the  imma- 
ture fmits  are  increasingly  popular  in  city  mar- 
kets In  Africa  wax  gourd  is  grown  occasionally 
for  local  and  city  markets;  m  pen-urban  gar- 
dens more  for  the  young  fruits^  in  rural  areas 
more  for  the  mature  ones.  There  are  no  known 

stat  isl  leal  data. 

Properties  The  edible  portion  of  wax  gourd 
is  about  70%  of  the  total  fruit  weight.  The  nu- 

tritinnnl  composition  of  mature  wax  gourd 
fruits  per  100  g  edible  portion  is:  water  96.1  g, 
energy  54  kJ  (13  kcal),  protein  0.4  g,  fiat  0.2  g, 
erirbohydrate  0  dietary  fibre  2  9  Ta  19 
mg,  Mg  lU  mg,  P  ly  mg,  Fe  0.4  mg,  Zn  O.G  mg, 
carotrae  absent,  thiamin  0.04  mg,  riboflavin 
0.11  mg,  niacin  0.40  mg,  folate  5  pg,  ascorbic 
acid  i;?  mg  (I'SD A  2002).  The  content  of  mi- 
cro-nutrients in  young  fruits  is  probably  some- 
what higher,  notably  of  asccvbic  acid. 
Fruit  extracts  of  wax  pourd  showed  anti-ulcor 
activity  m  tests  with  mice  and  rats.  Fruit  juice 
also  showed  significant  activity  against  symp- 
toms of  morphine  withdrawal  in  tests  with 
mice.  Histamine -reh-ase  inhibitors  were  iso- 
lated from  wax  gourd  fruits;  the  iriterpenes 
afaiusenol  and  multiflorenol  were  the  most  ac- 
tive inhibitors  .\n  imniuno-polentialor  has 
been  isolated  from  the  seeds,  markedly'  stimu- 
lating the  proliferation  and  dii{erentiati<m  of 
murine  B  cell^  W.i\  uomd  fiuits  contain  cu- 
curbitacin  H.  which  is  known  to  exhibit  cyto- 
toxic and  anti-intlammatorj'  activities. 

AdulterationB  and  snbstitntes  In  dishes, 
wax  gourd  can  be  replaced  by  young  fruita  of 
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bottle   gourd  (Lagetwria  aiceraria  (Molina) 

Standi.). 

Description  L'sually  monoecious,  annual 
herb  cUmbing  by  2-:^-fiil  tcndiils  to  35  cm 
long;  stem  up  to  5  m  long,  thick,  terete,  longi- 
tudinally fiirrowed,  whitish-green  with  scat- 
tered rough  hairs.  Leaves  distichously  alter- 
nate, simple;  stipules  absent;  petiole  5-20  cm 
long;  blade  broadly  ovate  in  outline,  10—25  cm 
X  10-20  cm,  deeply  cordate  ai  b;isc,  apex  acu- 
min.nto,  mnrpin  more  or  less  fit^  iily  and  irrejTu- 
larly  5-11-angular  or  -lobed  and  irregularly 
undulate-crenate  or  toothed,  densely  patently 
hispid  on  both  sidrs  5-7-veined  from  the  base. 
Flowers  solitary  m  leaf  axils,  unisexual,  regu- 
lar, 6-merou8,  6-12  cm  in  diameter:  calyx  cam- 
panulate,  densely  silky;  petals  almost  free, 
yclliiw:  male  flowers  with  pedicel  5-1.")  cm  long 
and  3  stamens;  female  (lowers  with  pedicel  2—4 
cm  long,  an  inferior,  ovoid  or  t^Iindrical, 

densely  villosc  ovary  and  a  short  style  with  '.^ 
curved  stigmas.  Fruit  an  ovoid-oblong,  ellipsoid 
or  globose  berry  20-60(-200)  cm  x  10-25  cm, 
dark  green  to  speckled  pale  green  or  glaucous, 
hispid  when  immature,  thinly  hispid  or  sub- 
glabrous  when  ripe,  covered  with  a  chalk- 


Brninrrisn  hispicia      1.  jxii  l  of  flnu  t'riu^  stem; 
2,  fruit;  3,  fmit  in  longitudinal  section;  4,  seed. 
Redrawn  and  adapted  by  Achmad  Satin  Nur- 
haman 


white,  easily  removable  wax  layer:  flesh  green- 
ish white,  juicy  slightly  fragrant,  spongj^  in  the 
middle,  containing  many  seeds.  Seeds  ovate- 
elliptical,  natteni'd.  1-1,. I  cm  long,  yellow- 
brown,  sometimes  prominently  ridged. 

Other  botanical  infemiatioii  BaiineoM 
coinjii'ises  a  single  species.  Numerous  t>  pes  are 
distmguished,  mamly  differing  from  each  other 
in  fruit  size  and  shape,  colour,  hairiness  and 
amount  of  wax  present.  A  classification  into  16 
cultivar-proups  has  been  proposed  but  the 
mam  distinction  in  improved  cultivars  is  be- 
tween tjrpes  suitable  for  harvest  of  the  young 
finiits  th<'  fuzzy  nudon'  ty|ie.  and  cultivars 
grown  for  the  mature  gourds,  the  true  'wax 
gourd  type.  Prom  some  landraoes  in  India  both 
the  young  and  mature  fruits  are  used. 

Growth  and  development  Wax  gourd  is  a 
vigorous  grower,  but  it  needs  a  long  growing 
season  of  4—6  months.  Flowering  starts  about 

46  days  after  .sowing  for  onrly  ty[ies  and  up  to 
over  100  days  after  sowing  for  late  ones.  The 
flowers  are  insect-pollinated.  Sex  ratio  is  1 
female  flower  to  20-33  male  ones  m  i  i  iinitive 
types,  but  modern  selections  and  hybrids  are 
predominantly  female.  The  ratio  of  female  to 
male  flowers  increases  with  lower  tempera- 
tun^s  and  with  shorter  days.  Young  fruits  are 
harvest  able  8  days  after  anthesis  or  later,  de- 
pending on  the  size  wanted  by  the  market.  The 
fruits  need  1-2  months  from  anthesis  until  full 
maturity,  50-72  days  in  modem  improved  cul- 
tivars, A  regular  harvest  of  young  fruits  pro- 
longs the  flowering  period  and  the  crop  dura- 
tion. Fruit  s  (Mill  run  l.'-L'  g  of  seed. 

Ecology  Wax  gourd  is  best  suited  for  mod- 
erately dr>  areas  in  the  tropics.  It  is  relatively 
drought  tolerant.  It  grows  well  at  temperatures 
above  '2n"i\  the  optimum  temperature  for 
growth  ranging  from  2.3— 28°C  ^4  h  average).  It 
is  suited  to  tropical  lowland  conditioiu)  and 
elevations  up  to  1000  m  altitude.  It  prefers  a 
well-drained  Ught  soil  with  pH  6.0-7.0. 

Propagation  and  planldng  Both  direct- 
seeding  and  sowing  in  pots  and  transplanting 
is  {)ractised  if  grown  for  immature  fruits, 
wliereas  for  the  production  of  mature  wax 
gourd  fruits  only  direct  sowing  is  practised. 
Direct  sowing  is  done  in  trenches  m-  id.mtinu 
holes  filled  with  manure  or  compost.  When 
grown  trellised  for  young  fruits,  plants  are 
spaced  at  50—70  em  in  the  row.  with  the  rows 
1.. 1-2.0  m  apart  or  about  10  000  plants/ha, 
when  grown  for  mature  fruits  and  stems  al- 
lowed to  trail  there  are  about  5000  plants/ha. 
In  intensive  growing  qrstems  for  immature 
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fruits,  the  send  rpquircmont  is  100-500  g/ha  if 
transplanting  is  practised  and  800-1000  g/ha 
for  direct  sowing.  One  gram  contains  12-25 
scimU  I'.irmers  who  produce  farm-saved  seed 
usually  use  up  to  2  kg/ha.  For  wax  gourd  in 
India  farmers  use  a  seed  rate  of  about  5  kg/ha. 

Management  Wax  gourd  grown  for  mature 
fruits  is  planted  on  flat  land,  whereas  the  fuzzy 
melon  type  is  mostly  grown  upright,  e.g. 
against  iK  lhses.  It  needs  n  fertile  soil  and  re- 
sponds well  to  much  orgnnic  mntter,  e.g.  30  t 
manure  per  ha.  An  application  of  iNl'K  fertil- 
izer is  recommended  before  sowing  and  a  ni- 
trogenous  fertili/ei-  jis  a  side-iln  ssing  at  regu- 
lar intervals  until  flowering.  Ample  irrigation 
is  needed  during  dry  periods.  In  the  rainy  aea' 
soQ,  fruits  of  trailing  plants  can  be  protected 
from  rotting  by  ]iutting  them  on  some  straw. 
Pnming  of  stem  tips  and  ilowers  is  sometimes 
carried  out  to  adiieve  better  growth  of  fruits. 

Diseases  and  pests  Wax  gourd  is  moder- 
ately susceptible  to  anthracnose  (CoUelo- 
trichum  lagetiarium)  and  gummy  stem  blight 
I ! ><t!:Miiella  bryoniari  i'oi  which  no  tolerance 
has  been  identified  yet.  It  is  ,:il<u  modfiately 
susceptible  to  fruit  rot  {Funaniiiit  solan i)  and 
cavity  rot  {VerUdUium  dahUae)  but  rather 

resistnni  lo  Itvif  fungi  that  are  <levastating  on 
other  cucurbits  such  as  dou  n\  mildew  {Paeu- 
doperottospom  eubmsis)  and  powdery  mildew 
(^ryaiphe  cichoroceaniin  and  Spkaerotheca 
fiifif>iiipn).  Wax  gourd  is  susreptiblo  to  water- 
melon mosaic  virus  (WMV)  transmitted  by 
aphids.  Among  the  insect  pests  are  squash 

beetle  (Atilacoiilioid  foi  I'irofli.t).  aphids  (Apliis 
goanypii)  and  fruit  flies  (Dacus  spp.).  These 
pests  and  diseases  are  seldom  serious  enough 
to  justify  chemical  sprays. 

Western  seed  companies  have  selocted  special 
wax  gourd  cultivars  as  disease  resistant  root- 
stock  for  other  cucuibits  (cuenmber,  water 
melon  melon)  because  of  growth  vigour  and 
resistance  to  Fusarium  wilt  and  root-knot 
nematodes.  Wax  gourd  combines  best  with 
melon,  but  in  practice  growers  prefer  root- 
stocks  from  Ciiviirbita  species  (hybrids  of  ('ti- 
curbita  iiioschata  Duchesne  and  Cucurbita 
mcadma  Dudiesne)  and  bottle  gourd  (Lage- 
iittrta  .ilrrriin'd)  because  wax  gourd  is  suscep- 
tible to  PItoiiiopsis  sclerolioides,  a  root  disease 
of  melon  and  cucumber  in  protected  cultiva- 
t  ion , 

Harvesting  Immature  fruits  are  harvested 
at  weekly  intervals  when  they  weigh  300-1000 
g.  Mature  fruits  are  harvested  from  100-160 
days  after  sowing;  depending  <m  the  cultivar, 


the  harvestablc  fruit  weight  vanes  from  3—40 
kg.  but  is  commonly  around  10  kg. 

Yield  Yields  of  yoxmg  fruits  of  more  than  30 
t/ha.  harvested  r.n-100  days  after  sowing  have 
been  i-eported.  Mature  wax  gourd  in  India 
Shields  about  20  t/ha.  A  seed  yield  of  100-150 
kgAia  IS  i«  corded  from  India;  200^300  kg/ha 
from  Thailand. 

HandUng  after  harvest  Young  fruits  are 
rather  perishable.  Mature  fruits  can  be  stored 
for  over  a  year  if  kept  at  IH  and  75% 

relative  humidity  due  to  the  waxy  layer  that 
protects  them  from  attadc  by  micro-organisms. 

Genetic  resources  With  the  increased 
popularity  of  improved  cultivars  in  Asian  coun- 
tries, local  eultivara  are  disappearing  in  Asia. 
Xo  germplasm  collections  are  known  from  M- 
nia  but  germplasm  collections  are  available  at 
horticultural  institutes  in  other  tropical  re- 
gions, mainly  in  the  Philippines  (Institute  of 
Plant  Breeding),  India  (Kerala  .\gricultural 
University),  Russia  (N.l.  Vavilov  Institute  of 
Plant  Industry,  Petersburg)  and  the  United 
States  (Southern  Regional  Plant  Introduction 
Station,  Georgia;  Cornell  University,  New 
York;. 

Breeding  Several  seed  companies  in  India, 

Thailand,  Taiw.an  ('bin.i  and  Japan  have  car- 
ried out  selection  work  on  local  cultivars.  Selec- 
tion criteria  are  fruit  »iuahiy,  few  seeds,  high 
jaeld.  earliness  and  resistance  to  diseases.  Wax 
gourd  of  both  typrs  is  offered  in  si  '  il  rata- 
logues.  Seed  companies  in  India,  Thailand, 
Taiwan.  China,  Japan  and  the  United  States 
offer  impro\'i'>]  fult  i\;ns  nf  fuzzy  melons  Sev- 
eral seed  companies  mciuding  East  West  Seed 
Company  have  developed  vigorous  Fi  eultivara 
of  fuzzy  melon  with  superior  yield  and  fruit 
quality.  Examples  are  Pearl  Fi,  a  pale  green 
midlate  cultivar,  harvest  able  75  days  after 
sowing,  and  'Jade  Fr,  an  early  cultivar,  har- 
vestablc 55  days  from  sowing.  Wax  gourd  culti- 
vars wei-e  developed  at  Coimbatore  in  South 
India,  e.g.  '00*2',  a  selection  with  small  fruits 

kg)  harvestable  120  days  after  sowing. 

Prospects  Although  at  present  of  little  im- 
portance in  tropical  .\fricu,  wax  gourd  merits 
attention  as  an  easy-to-grow  vegetable  suitable 
for  home  gardens  and  market  production,  with 
immature  fruits  having  a  good  taste  and  ma- 
ture fruits  having  excellent  keeping  quality. 

Major  references  Hsi|uuias- Alcazar  J.T.  & 
(Uilick,  P.rl  ,  ll»8:i:  l>ark<<im  A.  l!)i)l  Louvet. 
J.,  1974;  National  Academy  of  Sciences,  1975; 
Rifai.  M.A  &  Reyes,  M.RC..  1993;  Robinson» 
R.W.  &  Dedcar-Walters,  D.S.,  1997;  Rubatzky, 
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Beta  VULGARIS  L. 

Protologue  Sp.  pi.  1:  222  (1753). 
Family  Chenupodiaoeae  (APG:  Amarantha- 
oeae) 

Chromosome  niunber  2/i  =  18 
Vernacular  names  Garden  beet,  beetroot, 
spinach  beet,  leaf  beet,  Swiss  diard  (En).  Bet- 

trrnvr  potagero  liotf  ornve  roiipo  bpttp- 
epinard,  poiree  a  couper,  poii-ee  a  carde,  bette  a 
carde,  cote  de  blette  (Ft).  Betteraba  de  mesa, 
bettciiiliii  vermelha,  acelt,'ji  (I'd) 

Origin  and  geographic  distribution  Wild 
turms  ol  Beta  l  ulgaris  occur  along  the  shores  of 
the  Mediterranean,  extendingr  eastwards  as  far 
as  Indonosia,  and  woslwanls  along  fho  coasts 
of  the  Atlantic  up  to  the  Canary  Islands  and 
southern  Norway.  Beta  t  iilgaris  grown  for  its 
Icavos  was  taken  into  c  ultivation  in  tho  eastern 
Morlitprrnnnan  or  tho  Midrllr-  Fast  and  is  first 
mentioned  m  the  literature  in  Mesopotamia  in 
the  9*i>  century  BC.  Recipes  for  roots  of  beet 
date  from  the  S"'  century  .AD.  but  true  garden 
beets  appear  in  Europe  as  late  as  the  IG^^  cen- 
tury. Little  is  known  of  the  development  and 
early  distribution  of  Swiss  diard.  Presently, 


Beta  vulgaria  -  planted 


beets  arc  grown  for  their  roots  (garden  beet), 
petioles  (Swiss  chard)  and  leaves  (spinach  beet) 
throughout  the  world.  Garden  beet  is  the  most 
important  form  worldw  idc  ;ind  enn  be  found  m 
all  African  countries,  more  m  the  cooler  parts 
of  Bast  and  southern  Africa  than  in  the  low- 
lands, and  mostly  as  ti  relatively  minor  market 
vegetable  around  the  big  cities.  In  most  African 
coimtries  spinach  beet/Bwiss  chard  is  far  more 
important  than  garden  bci  i  which  is  primarily 
consumed  by  Europeans.  Two  other  cultivated 
forms  of  Beta  vulgaiis,  fodder  beet  and  sugar 
beet  are  of  no  importance  in  tropical  Africa. 

Uses  Spinach  beet  leaves  tm-  <Mt(-n  as  pot 
herb.  Young  leaves  of  the  garden  beet  are 
sometimes  used  similarly.  The  midribs  of  Swiss 
chard  are  eaten  boiled  while  the  whole  leaf 
blades  are  eaten  as  spinatli  beet:  in  Africa  the 
whole  leaf  blades  are  usually  prepared  with  the 
midribs  as  one  dish.  The  usually  deep-red  roots 

of  garden  beet  are  eaten  boiled  either  as  a 
cooked  vegetable,  or  cold  as  a  salad  after  cTiok- 
ing  and  adding  oil  and  vinegar.  A  large  propor- 
tion of  the  commercial  production  is  processed 
into  boiled  and  sterilized  beets  or  into  pickles. 
In  eastern  Europe  beet  soup  is  a  popular  dish. 
Yellow-coloured  garden  beets  are  grown  on  a 

very  small  scale  for  home  eonsumjil ion.  In  Af- 
rica the  leaves  are  preferred  to  the  roots. 
Roots  and  leaves  are  used  medicinally  against 
infi  l  l  ions  and  tumours,  and  Swiss  chard  as  a 
hypoi^Iyraemie  agent  by  diabetic  patients.  Gar- 
den beet  juice  is  a  popular  health  food,  al- 
though it  is  not  important  in  tropical  Africa. 
Put /mills,  obtaini'd  from  tlie  roots,  ;iri'  used 
industrially  as  red  luud  colourants,  e.g.  to  im- 
prove the  colour  of  tomato  paste,  sauces,  des- 
serts, jams  and  jellies,  ice  cream,  sweets  and 
breakfast  cereals 

Forms  with  strikmgly  coloured,  large  leaves 
are  grown  as  ornamentals. 

Fkodnction  and  international  trade  Europe 
and  North  America  produce  the  bulk  of  the 
garden  beet  crop  and  their  combined  annual 
commercial  production  amounts  to  ;ii)0.000  t 
(excluding  Eastern  Europe)  Sfunarh  beet  is 
important  in  northern  India  and  parts  of  South 
and  Central  America,  as  well  as  in  Italy.  In 
tropical  .Africa,  bi  .  i  <  ro]>s  nre  grown  on  a  lim- 
ited scale  for  home  consumption  and  for  local 
markets,  but  no  production  data  are  available. 

Properties  Raw  garden  beet  contains  per 
100  g  edible  portion:  water  87.6  g,  energy  180 
kJ  (13  kcal),  protein  1.6  g,  fat  0.2  g,  carbohy- 
drate 9.6  g.  fibre  2.8  g,  Ca  16  mg,  P  40  mg,  Fe 
0.8  mg,  thiamin  0.03  mg,  riboflavin  0.04  mg, 
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niacin  OM'.i  mg,  folate  109  |ig,  ascorbic  acid  5 
mg.  The  carbohydrate  consists  almost  purely  of 
aaccharose.  The  composition  of  raw  spinach 
beet  per  100  g  edityje  [lortioii  is:  water  92.0  g, 
energy  79  kJ  (19  kcal),  protem  1.8  g,  fat  0.1  g, 
catbohydrate  4.0  g,  fibre  3.7  g,  Ca  119  mg,  P  40 
mg,  Fe3.3  mg.  thiamin  0.10  mg,  riboflavin  0.22 
mg,  niadn  0.40  mg,  folate  15  )ig,  ascorbic  acid 
30  mg.  The  composition  of  raw  Swiss  diard  per 
100  g  edible  portion  is:  wjiter  5)2.7  g,  on(>rgy  75) 
kri  (IS)  krnl)  protoin  l.S  g,  fnt  0.2  g.  rnrbohy- 
drate  3.7  g,  I'ibi-e  1.6  g,  Ca  51  mg,  P  16  mg,  Fe 
1.8  mg,  thiamin  0.04  mg,  riboflavin  0.09  mg, 
niacin  0  in  mg  folate  14  |ig,  aaooibic  add  30 
mg(USDA,  2002). 

Hie  colouring  agents  in  garden  beet  are  not 
anthot^ans,  but  glucopyranusides.  mainly 
beetroot  red  or  betanine  (Cj.iILTXiOi  ,  -  El (52). 
ll  IS  water  soluble  and  sensitive  to  high  tem- 
peratures, oxygen  and  light.  Beets  also  contain 
goosmin  wliich  rniisrs  (ho  (ypirnl  earUiy  smell. 

Description  Robust,  erect,  usually  biennial 
heib;  main  root  long,  stout,  tapered,  side  roots 
forming  a  dense,  extensive  root  system  in  the 
top  2.5  cm  of  the  soil:  in  garden  beet  hypocotyl 
and  upper  part  of  the  main  root  conspicuously 
swollen,  being  globular,  flattened,  cylindrical 


Beta  vulgans  -  1,  habit  (gatxieii  beet);  2,  habit 
(Swiss  chard). 

Redrawn  and  adapted  by  lakak  Syammdin 


or  tapering,  adventitious  roots  occurring  in  two 
opposite  rows  on  the  lower  part,  swollen  root 
consisting  oT  alternating  layers  of  mostly 
strongly  coloured  t-onductive  tissue  and  light 
coloured  storage  tissue.  Leaves  in  the  basal 
rosette  with  long  petioles,  on  stems  alternate 
and  shortly  stalked,  often  f)\-ate  and  eordate 
20-40  cm  long,  margms  wavy  except  m  spmach 
beet,  leaf  tissue  puckered  between  veins,  sub- 
glabrous,  gn  . n  dark  green  or  red,  often  shiny; 
in  Swiss  chard  in  tiole  and  midrib  swollen.  In- 
florescence a  long,  paniculate,  branched  spike 
up  to  150  cm  long.  Flowers  sessile,  bisexual, 
usually  2-;^(-5)  together,  greenish.  sul)l ended 
by  mmute  bracts;  perianth  5-partite,  beconung 
thidcer  at  base  as  fruits  ripen;  stamoia  6; 
ovary  1 -celled,  surrounded  by  a  disk,  with  2-3 
stigmas.  Fruit  a  nut,  enclosed  uithin  tbe  swol- 
len corky  perianth-bases,  3—7  mm  in  diameter, 
1-6  fruits  adhering  in  glomerules.  Seed  kidney- 

shaped,  brown   1  "  :'  nun  :n  li.imeter. 

Other  botanical  information  At  present  it 
is  quite  generally  accepted  that  the  cultivated 
taxa  of  the  genus  B<'tu  all  belong  to  Beta  vul- 
garis L.  subsp.  vulgaris  Howi-ver  there  is  dis- 
agreement concerning  ihe  inlraspecific  classifi- 
cation and  the  classification  of  related  wild 
laxa  together  ronst it iit ing  section  Beta.  The 
most  recent  revision  of  the  wild  taxa  within 
section  Beta  distinguishes  3  species: 
garis  L.  (with  subsp.  adauenais  (Pamuk?.) 
Ford-Lloyd  &  J. T.Williams,  and  .subsp.  mari- 
lima  (L.)  Arcang.),  Beta  maciocarpa  Guss.  and 
Beta  patula  Aiton.  There  are  almost  no  barri- 
ers to  gene  exchange  between  the  wild  and 
cultivated  taxa  and  a  pattern  of  continuous 
morphological  variation  is  present. 
The  cl;i  -ill  ition  of  both  the  wild  and  culti- 
vated foi-ms  of  Ticfn  1  ul^nrift  is  rnnfiising  Here 
the  cultivated  forms  of  Beta  vulgaris  are  all 
daseified  in  subsp.  mlgaris.  The  daadfication 

of  the  cultivated  forms  as  arrepted  by  the 
World  Beta  Network  and  the  international 
Data  Base  for  Beta  recognizes  4  denomination 
classes  within  Beta  vulgans  subsp.  vulgaris: 

-  Garden  Beet  Group  (also  named  Conditiva 
Group). 

-  Leaf  Beet  Group  (in  other  cultivar-group 

classifirations  divided  intr)  Swiss  chard  or 
Flavescens  (jroup,  and  Spinacli  beet  or  Cicla 
Group,  but  many  intermediate  types  exist). 

-  Fodder  Beet  Group  (also  named  Crassa 

Group), 

-  Sugar  Beet  Group  (also  named  Altissima 
Group). 

For  the  vegetable  types,  some  cultivars  reoom- 
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mended  for  the  tropics  are: 

—  Garden  Beet  Group:  "Crimson  Globe'  nnd 
Detroit  Dark  Red'; 

—  Leal'  Beet  ' 'roup  (Swiss  cliMnl):  Fordliook 
Giant  ,  LucuUus  and  \  erte  a  carde  blanche 
de  Nice'; 

—  Leaf  Beet  Group  (Spinach  beet):  'All  Green' 
and'Palak'. 

Growth  and  development  Beets  are  bien* 

nial  |il;itils  rcquirint,'  \-(-i-ni)lization  foT  flower 
induction.  In  cultivnrs  oC  tcmpornto  areas,  4— 
ICC  for  2  weeks  is  sufficient  to  mduce  flower- 
ing. The  low-temperature  requirements  in 
tn>]iii;il  scit'ctions  are  less.  Long  daylengths 
further  promote  flowering.  Flowering  in  garden 
beet  is  also  stimulated  by  high  temperatures, 
which  may  lead  to  flowering  during  the  first 
year  in  the  tropics.  This  risk  does  not  otx-ur  in 
leaf  beet.  When  grown  for  seed  production, 
flowering  can  be  obtained  by  using  vernalized 
sood  or  soodlinRs.  Pollination  is  m.iinly  hy 
wind,  though  flowers  produce  nectar  and  are 
visited  by  insects,  especially  thrips.  Beets  are 
self'-mri  mipatible. 

Ecology  TempfiJit  Lires  above  2^}''C  ad- 
versely affect  grow  th  and  colour  development 
of  garden  beet.  An  elevation  of  600-1000  m  in 
the  tropics  is  the  minimum  for  profitabh^  pro- 
ducliun.  Leaf  beet  tolerates  higher  tempera- 
tures. 

Beets  require  a  fertile,  moist  soil  for  good 
growth.  They  prefer  a  neutral  to  sliphtly  alka- 
line pH.  As  they  originate  from  seashores,  thej- 
are  tolerant  of  limited  concentrations  of  salt 

and  I'an  Ik  ii  i mated  with  slit,'htl\  saline  wafer. 

Propagation  and  planting  Beets  are 
])ropagated  by  seed.  The  seeds  are  clustered 
into  glomerules  or  seedballs.  Monogerm  seed  of 
modem  culfivars  is  commercially  available 
oblamed  through  breeding  or  by  mechanical 
splitting  of  the  seedballs.  The  1000-seed  weight 
is  5-10  p.  the  weipht  of  1000  seodballs  13-22  c 
Seed  production  in  the  tropics  is  difficult  and 
seed  is  normally  imported.  Beet  root  crops  are 
mostly  direct -seeded.  2-3  cm  deep  in  rows 
(12.5-)25-30(-50)  cm  apart,  or  broadcast  and 
thinned  to  10—20  cm.  Some  gardeners  how  ever 
may  sow  beetroot  in  a  nursery  and  transplant. 

Wlion  whole  soedballs  are  sown,  each  resulting 
in  2-5  plants,  thinnmg  to  single  plants  is  nec- 
essary. The  plant  density  depends  on  the  pur- 
pose of  the  crop.  For  3nnmg,  high  quah)>  mini- 
bects  the  plant  spacing  may  be  as  closi'  .is  12  5 
cm  X  5  cm,  whereas  for  a  crop  of  mature  garden 
beets  the  plant  spacing  can  be  25  cm  x  10-13 
cm.  Spinach  beet  is  sown  in  rows  16-20  cm 


apart.  Thinning  in  the  row  at  a  rather  close 
distance,  2-10  cm,  or  no  thinning  is  practised. 
Sw  i^s  I  hard  for  early  production  of  the  com- 
plete plants  is  sown  in  rows  20  cm  apart  atnl 
thinned  in  the  row  to  5-10  cm.  For  long-term 
continuous  picking  of  big  leaves  it  is  sown  in  a 
nursery  and  plants  of  25  days  are  transplanted 
at  30  cm  ^  30  cm  on  beds,  or  at  25  cm  x  45  cm 
so  that  people  can  walk  between  the  rows. 

Management  Relatively  large  amounts  of 
fertilizer  are  important  for  profitable  yields.  A 
normal  apphcation  is  100  kg  N,  50  kg  P2O5  and 
200  kg  KsO  per  ha.  Nitrogen  can  be  given  as 
NaNOs  in  sUghtly  acidic  soils  or  where  a\  ail- 
able  Na  is  limited.  After  picking  the  first 
leaves,  a  top  dressing  with  sulphate  of  ammo- 
nia (for  soils  with  high  pH)  i  r  tl  jam  umno- 
nium  nitrate  (for  soils  with  low  pIli  should  be 
applied;  this  top  dressmg  to  be  repeated  every 
4-6  weeks.  Where  boron  deficiency  causes 
stunted  and  slow  growth,  10—30  kg/ha  of  borax 
can  be  applied.  However,  too  much  boron  may 
be  toxic  to  the  subsequent  crop.  For  good 
growth,  moist  soil  is  required.  Irregular  rain- 
fall or  inadequate  irrigation  may  cause  yellow- 
ing of  leaves,  or  leaves  that  become  coarse  or 
bitter,  whereas  for  gard^  beet  it  causes  cradc- 
ing  of  I  he  nil  it- 

Diseases  and  pests  Beets  are  generally  not 
seriously  attacked  by  diseases  or  pests,  but 
leaves  of  spinach  beet  can  be  seriously  affected 
by  leaf  spot  caused  by  the  seedborne  funsnis 
Cercospoia  beficola,  resulting  in  small  round 
spotting  of  the  leaves,  aggravated  by  high  air 
humidity.  For  this  reasen  farmers  avoid  grow- 
ing this  crop  in  high-ramfall  areas  unless  when 
they  are  able  to  spray  with  dithane  or  similar 
diemicals  at  intervals  of  7—10  days-  other 
seedborne  funpiis  diseases  are  downy  mildew 
(Feionospoixi  parasitica)  on  the  leaves  and 
Phoma  betae  causing  damping-off.  Pythium 
and  Rhi^orfniiia  also  cause  damping-off. 
Larvae  of  several  species  of  beet  web  worms 
feed  on  leaves  and  produce  webs.  Occasionally 
aphids  and  beet  leafminers  are  a  problem. 
Beets  are  very  susceptible  to  Mcloiilogyne  root- 
knot  nematodes,  controlled  by  crop  rotation 
and  by  large  aiqplications  of  organic  manure. 

Harvesting  Garden  beets  are  hnr\'esfed  by 
uprooting  with  their  leaves  and  tied  into 
bundles  of  3-5.  The  time  tram  planting  to  har- 
vesting depends  on  the  size  of  the  roots  pre- 
ferivd.  Minibeots  with  a  diameter  of  3-1  cm 
can  be  hai-vested  about  2  months  after  sowing, 
full-size  beets  afi^er  3-4  months. 
Leaf  beet  is  usually  harvested  by  cutting  the 
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large  outer  loaves  with  a  knife.  Han^esting  of 
leaf  beet  can  start  about  45  days  after  sowing 
and  can  continue  for  up  to  2  years  in  fertile 

soil 

Yield  \N  ith  good  cultivation  techniques  gar- 
den beet  in  the  tropics  may  yield  15-25  t/ha. 
Leaf  beet  may  jrield  up  to  100  kg  per  bed  of  10 
m<. 

Handling  after  harvest  Garden  beet  can 
h(>  slorcd  for  more  than  6  months  under  cool, 

woU-vontilated  mndifions  proviilod  the  lenves 
are  removed.  The  optimum  temperature  is  0- 
4*C  at  a  relative  humidity  of  90-95%.  Indus- 
trially, beets  arc  pn  sorved  after  steam-bdiling 
and  skinning  and  addition  of  vinegar,  either  as 
whole  minibeets  or  alioed.  Leaf  beet  is  a  typical 
fresh  market  product,  but  can  be  kept  for  some 
days  in  a  cool  store. 

Genetic  reaources  The  International  Beta 
Database  (IDBB)  is  maintained  by  the  Gene- 
hank  of  the  Fodoral  (  Vntro  for  BroodinR  Re- 
search on  Cultivated  Plants,  Germany.  The 
IDBB  serves  as  the  central  link  within  the 
World  Beta  .\i  ns  nk  (WBN).  Genetif  material 
collected  for  biffding  work  in  sugar  beet  and 
fodder  beet  can  also  be  used  in  breeding  vege- 
table beets.  The  genus  Beta  has  a  high  priority 
for  TPCrRI  since  diversity  is  rapidly  eroding. 

Breeding  Breedmg  work  is  done  in  many 
temperate  countries,  but  also  in  southern 
China  and  northern  India.  Breeders  of  garden 
brrt  aim  for  rapid  root  formation  limited  leaf 
production  and  petioles  narrow  at  their  base, 
good  homogeneous  colour,  good  shape,  appear- 
ance and  taste,  and  n(>Vu)ltins»  m  the  first  van-. 

Prospects  Leal'  beet  with  its  high  productiv- 
ity and  high  nutriticmal  value,  merits  more 
attention  as  market  vegetables  in  the  cooler 
parts  of  the  tropics.  CuUivnrs  with  resistance 
to  high  temperatui'es  are  needed.  Garden  beet 
is  mostly  grown  for  the  European  market  The 
pood  transport  nml  storage  diaracteristics  are 
commercially'  attractive. 

Major  references  Knott,  J.E.  &  Deanon  Jr, 
J.R..  1967:  Choudhury.  B.,  1967;  Germeier. 
C.U.  &  Frese.  L.  20(11:  Krumhietjel.  A  .  1998; 
Lange,  W.,  Brandenburg,  VV'.A.  &  de  Bock, 
T.S.M.,  1999;  Letschert,  J.P.W.,  1993;  Messi- 
aen.  C.-M.,  1974;  Xonnecke,  I.L.,  1989;  Shan- 
non, M.C.  et  al.,  2000;  USDA.  2002a. 

Oilier  references  Rubatzky,  V.B.  &  Yama- 
gucfai,  M.,  1997:  Tindall,  H.D.,  1968. 

Sources  of  illustration  Vaughan,  J.G.  & 
Geissler,  C.A.,  1997. 

Anfbora  L.P  A  Oy&ci 
Baaed  on  PROSEA  8:  Vegetables. 


BlDENS  BIPINNATA  L. 

Protologue  Sp.  pi.  2: 831  (1753). 

Family  Astoraceae  (rompositao) 
Chromosome  number  2n  =  21,  36,  18,  72 
Sytu>nym»  Bidens  pUoaa  L.  var.  bytinnata 
(L.)  Hook.f  (ISSl), 

Vernacular  names  Spanish  needles,  hem- 
lock hewer's  ticks  (En).  Bident  bipenn^,  herbe 
aiguille,  herhe  a  aiguilles  (Ft).  Carrapicho 

agulha  lu'ijn      mora  (Po). 

Origin  and  geographic  distribution  Bidena 
bipimuMta  is  a  widely  distributed  weedy  species 
in  North  and  South  Ami-riea,  Europe  and  .\sia. 
It  is  introduced  in  Africa  and  known  from  Cape 
Verde,  Guinea,  Sierra  Leone,  Cdte  d'lvoire, 
Ghana,  Togo.  Nigeria,  Cameroon.  Malawi, 
Zimbabwe,  Madagascar  and  South  Afrim 

Uses  The  young  leaves  of  Bidens  bipiiinala 
are  occasionally  eaten  as  a  vegetable.  In  south- 
em  ,\rricn  the  young  shools  are  said  to  have  a 
piquant  flavour  and  are  eaten  &esh  or  dried 
and  stored.  It  is  likely  that  Bidens  bipinncUa  is 
often  confused  with  the  more  widely  spread 
black  jack  (Bidens  pilosa  L.)  and  used  instead 
of  the  latter  and  m  mixtures.  In  Sierra  Leone 
the  leaves  are  squeezed  over  boils  and  are  also 

calcn  Id  cure  (hem.  Bidens  hipiiiiHild  is  widely 
used  m  South-East  Asia  as  an  emmenagogue, 
expectorant,  stimulant,  antidiarrhetic  and  an- 
tispasmodic. It  is  also  used  in  the  treatment  of 
conjunct ivifis  asthma,  insect  stings^  WOUnds, 
earache  and  snakebites. 

Cattle  relish  the  young  plant.  However,  the 

abundiiiil  \  i'!atile  oil  present  in  the  plant  has 
an  unpleasant  smell  and  may  laiut  the  milk.  In 
Thailand  and  Brazil  Bidem  bipinnata  is  grown 

as  an  omanK'ntal. 

Properties  Youtig  leaves  of  Bidens  bipin- 
nata have  an  ascorbic  acid  content  of  10 
mg/100  g  (Watt,  J.M.  &  Breyer-Brandwijk, 
M.r5,,  19r)2)  No  other  nutritional  data  are 
available.  The  composition  of  the  leaves  is 
likely  to  be  veiy  similar  to  that  of  the  leaves  of 
Bidena  piloaa  (^lack  jack),  for  which  consump- 
tion as  a  raw  vegetable  is  not  recommended 
because  of  a  high  saponin  c-onlent. 
Extracts  of  Bidena  bipinnoAa  show  antimalar- 
ial activity  in  vivo.  The  crude  ethanol  extract 
(50  ^ig/ml)  causes  up  to  70%  inhibition  of  Plaa- 
modititn  falciparum  growth,  Phenylacetylenes 
and  flavonuids  have  bem  found  in  the  ethanol 
extract  from  the  lenves  and  the  roots  and  the 
antimalarial  activity  may  be  attributed  to  the 
presence  of  the  acetylene  oon^Miunda.  Polyace- 
tylenes  alao  have  microbial  activity.  The  flow- 
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ers  and  strni  have  shown  antibiotic  activity 
against  Staphylococcus  aureus  but  not  against 
Eaeheriehia  eoU. 

Botany  Annufil.  cm-t  hcrl)  up  tn  m 
tall,  with  1-angled  stems,  sometimes  densely 
brandied.  Leaves  opposite,  rarely  alternate 
towards  the  upper  part  of  the  plant,  bipin- 
natisect  with  lower  segment  often  2-3-cleft  or 
pinnatiSd,  11-20  cm  long;  leaflets  with  short 
petiolules,  ovate  to  deltoid  or  the  terminal  one 
Inncoolafo,  marpins  crrnato-srrrnfo.  Inflores- 
cence a  head  -1-7  mm  in  diameter,  arranged  in 
lax  csrmes;  outer  involucral  bracts  7—10,  3-6 
mm  long,  shorter  th;m  thr  inner  om-s  R;iy 
flowers  3-6,  sterile,  corolla  5-6  mm  long,  yel- 
kmrish  white;  disk  flowers  tubular,  bia«nial, 
with  4-5  mm  long,  j'ellow  coiolla.  Fruit  a  lin- 
ear [tcheiie  1-1  mm  lony  l-ribbed.  with  2(— 4) 
retrorsely  barbed  bristles  of  2— 4  mm  long. 
The  genus  Bithns  in  Africa  comprises  63  spe- 
cies. The  African  species,  formerly  considered 
to  belong  to  the  genus  Coreopsis,  are  now  all 
placed  in  Bidms,  Bidma  hipmnata  can  be  dis- 
tinguished  by  its  bipinnatisect  leaves  from  the 
closely  related  Bidens  pilosa  and  Bidens  bitcr- 
natu  L.,  with  3— 5-partite  leaves  and  pmnately 
6-9-lobed  leaves  respectively. 

The  achenes  rulhorr-  liy  mcrins  of  the  bristles  (o 
the  fur  of  passing  animals  or  clothes  of  hu- 
mans, and  are  widely  dispersed  in  this  way. 

Ecology  Bidms  bipimiala  is  found  along 
roadsides  and  at  margins  of  fields  at  450-1400 
m  altitude. 

Genetie  reaouroes  and  breeding  Bidens 

bipimiala.  although  widespread  is  nowhere  in 
Africa  verj'  common.  As  an  mtroduced  weedy 
species,  genetic  variation  is  likely  to  be  more 
important  in  its  native  range. 

Prospects  Tlie  use  as  a  veget  .ihlf  w  ill  rnn- 
linue  to  be  locally  of  some  importance.  The 
medicinal,  especially  the  antimalarial,  proper- 
ties d('S(-r\'i'  research  attention. 

Migor  references  Alonzo,  D.S.  &  Hilde- 
brand.  J.W.,  1999;  Mbuya,  L.P.  et  al.,  1994; 
Busaon,  P.,  1965;  Mesfin  Tadesse.  199  la;  Watt, 
J.M.  &  Pir'ver-Brandwijk.  M.G..  1902. 

Other  references  BurkiU,  H.M.,  198o;  De- 
cary,  R.,  1946;  Servi^io  nacional  de  prote^So  de 
cultivares,  1998;  van  Wyk,  B.E.  &  Gericke,  N., 
2000. 

Autkora  C.H.  Boadi 


BlOENS  PILOSA  L. 

Protologne  Sp.  pi.  2: 832  (1753). 

Family  Asteraceao  (rompositae) 
Chromosome  number  2u  =  24,  36,  48,  72 
Synonyms  Bidena  ImeajUha  (L.)  Willd. 

Vernacular  names  Black  jack,  cobbler's 
pegs,  hair>-  beggarticks,  Spanish  needles  (En). 
Sornet  pi(]uan(  noir,  bident  herisse,  herbe  ai- 
guille, herbe  villebapue  (Fr).  Cnrrnpicho  do 
agulha,  picao  preto  (I'o).  Kichoma  mguu,  ki- 
choma  nguo  (8w). 

Origin  and  geographic  distribution  F^idi'iis 
pilosa  is  a  oosmopohtan  weed,  origmating  from 
South  America  and  common  in  all  tropical  and 
subtropical  areas  of  the  wwld.  In  Africa  Bidaia 
pilosa  IS  recorded  as  a  weed  in  many  countries 
and  it  is  likely  to  ocvur  in  all  countries,  includ- 
ing the  Indian  Ocean  islands.  It  is  reported  as 
a  vegetable  or  potherb  among  others  in  Sierra 
Leone,  Liberia,  Cote  d'  Ivoire,  Benin,  Nigeria, 
Cameroon,  DR  Congo,  Kenya,  Uganda,  Tanza* 
nia  Malawi,  Botswana.  2^mbia.  2iimbabwe  and 
Mozambique. 

Uses  In  sub-Saharan  Africa,  the  fresh  or 
dried  tender  shoots  and  young  leaves  are  used 

as  a  leaf  vesict :il)le  especially  in  times  of  food 
scarcity.  It  is  an  ingredient  of  sauoes  accompa- 
nying the  staple  food.  The  leaves  are,  fresh  or 
after  parboiling,  dried  in  the  sun  and  stored  as 
powder  for  (he  dry  season  In  I  panda,  the 
leaves  are  boiled  m  sour  milk.  Old  leaves  are 
not  suitable  for  consumption  because  they  have 
abitter  astringent  taste. 

Bidens  pilosa  is  used  as  a  medicinal  plant  in 
many  regions  of  Africa,  Asia  and  tropical 
America.  Roots,  leaves  and  seed  have  been 
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reported  to  possess  antibacterial,  anti- 
dj'senteric,  anti-inflammatorv-.  antimicrobial, 
antimalarial,  diuretic,  h<  |i;iio-protective  and 
hypotensive  acti\'ities,  In  L'gunila,  five  differ- 
ent medicinal  uses  are  known:  the  sap  from 
cruriied  leaves  is  used  to  speed  up  clotting  of 
blood  111  flesh  wounds;  a  leaf  decoction  is  used 
for  treating  headache;  sap  £rom  the  plant  is  put 
in  the  ear  to  treat  ear  infection;  a  decoction  of 
leaf  powder  is  used  to  Ire;!!  kidney  |)^^lll.■m^: 
and  n  herbnl  ten  made  from  the  pl;int  dt  - 
creases  flatulence.  Extracts  of  Bidens  pilosa 
are  used  in  southern  Africa  to  cure  malaria. 
The  Manyika  people  in  the  eastern  highlands 
of  Zimbabwe  retain  the  first  water  used  for 
oooking  Bidena  pUoaa  foliage  for  later  use  as  a 
medicinal  drink  to  cur*  stoinach  and  mouth 
ulcers,  diarrhoea,  heiidtithes  and  hangover. 
The  Zulu  in  South  Africa  use  a  suspension  of 
powdered  leaves  as  an  enema  for  abdominal 

trouble,  whereas  in  (Vmgo  a  concortion  made 
from  the  whole  plant  is  taken  as  a  poison  anti- 
dote, or  to  ease  child  delivery  and  to  relieve  the 
pain  from  hernia.  In  South  Africa,  strong  de- 
coctions of  the  leaf  taken  in  large  doses  have 
been  reported  to  be  helpful  in  treating  arthri- 
tis. In  C6te  d'lvoire,  the  plant  is  used  for  treat- 
ing  jniindice  and  dysenter>'  Thr-  jil.int  sap  is 
applied  tu  burns  in  Tanzania,  in  Nigeria,  the 
powder  or  ash  from  the  seed  is  used  as  a  local 
anaesthelic  and  rubbed  into  cuts.  Hie  Giriama 
tribe  from  the  coastal  areas  of  Kenya  use  a  leaf 
extract  to  treat  swollen  spleens  in  children. 
This  tribe  also  uses  a  mixture  of  the  dried  and 
ground  ieiU'i's  of  Bidens  pilo.Ki.  son))  and  h<it 
pepper  as  an  msecticide  for  the  control  of  leaf 
miners  and  other  insects. 

In  Nanyuki,  Kenya,  Bidens  pilosa  is  collected 
for  the  extraction  of  natural  dyes  Among  the 
Efe  of  DR  Congo  the  root  is  washed  and  dried, 
then  used  as  a  painting  brush.  Liveatodc 
browses  on  the  plants  and  in  South  Africa 
Bidena  pilosa  has  been  used  as  a  fodder  for 
pigs.  However,  dairy  cattle  are  discouraged 
horn  browsing  on  it  because  the  aromatic  oil 
present  m  the  i)lant  has  an  objectionable  smell 
that  can  taint  milk.  Chicken  feed  on  the  seed. 
In  Uganda  and  in  Mexico,  the  leaves  are  used 
as  an  invigorating  or  stimulant  substitute  for 
tea;  while  in  the  Philippines  the  flowers  are 
used  in  the  preparation  of  a  kind  <^  wine.  The 
flowers  are  a  good  source  of  nectar  for  honey- 
bees. 

Production  and  international  trade  Black 
jade  as  a  vegetable  and  medicinal  plant  is  fre- 
quently found  in  small  quantities  on  local  mar- 


kets. The  young  plants  or  leaves  and  shoots  are 
collected  from  the  wild  or  from  the  field  during 
weeding.  In  southern  African  countries  it  is 
usually  fouiid  mi  the  markets  early  during  the 
ramy  season  when  other  fresh  vegetables  are 
scarce.  Dried  blade  jack  leaves  are  espedally 
important  during  periods  of  food  scarcity  in  the 
dry  season.  Small-scale  cultivation  has  been 
reported  from  Nigeria,  Benin  and  Zimbabwe. 
There  are  no  statistics  on  the  total  ai  >  m  under 
cultivation  and  the  volumes  traded.  Interna- 
tional trade  has  not  been  recorded. 

Properties  The  composition  of  raw  Bu^eiw 
pilosa  leaves  per  10(1  g  edible  portion  is:  water 
85  g,  energy  180  kJ  (43  kcal),  protein  3.8  g,  fat 
0.6  g,  caibohydrate  8.4  g,  fibre  3.9  g,  fi-carotene 
1800  Jig  (Leung,  W.-T.W.,  Busson,  F.  &  Jardin. 
C.  1968).  Consumption  as  a  raw  vegetable  is 
not  recommended  because  of  a  high  saponin 
content. 

Extracts  of  Bidens  pilnsa  show  antimalarial 
activity  both  in  vitro  and  in  vivo.  The  crude 
ethanol  extract  (50  n^/m\)  causes  up  to  90% 
inhibitioa  of  P/os/;(0(/M/;a  falcipamni  growth  in 
vitro  compared  with  8(i-91%  inhibition  for  the 
chloroform  fraction  and  68—79%  for  the  butanol 
fraction  (both  at  60  M.gAnl).  In  vivo  the  crude 
ethanol  extract  and  the  chloroform  fraction 
cause  about  40%  reduction  of  IHusinodium 
berghci  parasitaemia  in  mice.  Phenylacetylenes 
and  flavonoids  have  been  found  in  the  ethanol 
extract  from  the  leaves  and  the  root.s.  The  ma- 
jor component  of  the  chloroform  fractions  from 
the  roots  was  the  phenylaoetylene  1- 
phenyIhepta-1  .■'^-diyne-!")-en-7-()l-aeetate.  The 
results  indicate  that  the  antimalarial  activity 
of  Bidens  pilosa  may  be  attributed  to  the  pres- 
ence of  acetylene  compounds.  The  direct  thenn 
peutic  usefulness  of  these  compounds  .soems 
hmited,  since  they  are  easily  oxidized  by  air 
and  light. 

Polyacot ylenes  also  have  antimicrobial  activity. 
A  number  of  polyacetylenes,  e.g.  phenylhepta- 
1,3,5-triyne  firom  petroleum  ether  and  metha- 
nol/water  extracts  of  Bidens  piloaa  are  toxic  to 
yeasts  and  some  bacteria.  This  compound  is  an 
active  antiparasitic  and  exhibited  marked  in- 
sectiddal  activity  with  LCso  of  204  ng/cm^  for 
the  first  instar  larvae  of  the  fell  army  worm 
{Spodnpiera  frugiperda). 

The  polyacetylene  7-phenylhepta-2,4,6-triyne 
in  combination  with  light  is  reported  tohephy- 
totoxic  to  fibroblast  cells  <  \>n.sumption  of  the 
leaves,  as  in  South  Africa,  has  been  found  to 
promote  the  development  of  oesophageal  can- 
cer, and  dried  leaves  of  Bidena  piloaa  have  a  co- 
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carcinogenic  action  for  oesophageal  tumours 
induced  in  rats. 

In  addition  to  the  acetylenes,  other  compounds 

such  Hs  phytosterols  ((J-^itostfrol).  triterpf nes 
(Iriedeliii  and  friedelan-3|i-ol)  and  cal'feic 
acid(8)  are  also  reported  finm  Bidetis  pUoaa. 
The  main  flavonouls  IVdin  h-nf  extracts  are 
aurones  and  chalcones.  Since  ilriedelin  and 
friedelan-3|}-ol,  as  well  as  several  flavonoids 
have  anti-inflammatory  propcriics,  (heir  detec- 
tion in  exiracts  from  Didpiis  pilosa.  topothrr 
with  the  presence  of  the  described  acetylenes, 
may  explain  the  use  of  Bidm*  pilosa  in  tradi- 
tional  mtMlii  itKv  especially  for  treating  \vr>uii(l<. 
against  inflammations  and  against  bacterial 
infections  of  the  gastrointestinal  tract. 
The  ethanoUc  extract  of  Bidena  pilosa  showed  a 
high  inhibition  of  prostaglandin  synthesis  in  an 
in  vitro  assay  fur  cyclu-oxygenase  mhibitors. 
The  methanol  extract  showed  radio-protective 
activity  for  Imni  marrow.  Besides  the  abovo- 
mentionod  pharmacological  activity,  anti- 
hyperglycaemic,  immunomodulator,  anti-ulcer 
and  hypotensive  activity  are  reported. 

Adulterations  and  substitutes  Bidous  bi- 
piniiaia  L.,  also  called  Spanish  needles  or  black 


Btdriis  pilosa  1,  floirerins  and  fruitiufi  plant; 
2,  flou  ering  head;  3,  ray  floret;  4,  dish  floret;  5, 
achenes, 

Soume:  PROSEA 


jack,  is  used  as  a  substitute  for  Bidens  pilosa. 
It  differs  by  its  bipinnatisect  leaves. 

Deaoriptioii  Annual,  erect  herb  up  to  100 
cm  tall,  with  slender,  stiff  ami  4-angled  stems 
and  spreading  branches.  Leaves  decussately 
opposite,  pinnately  3-6-foliolate,  up  to  15(— 20) 
cm  long,  sometimes  lower  leaves  simple,  with- 
out stipules;  leaflets  with  short  petiolules, 
blade  ovate  to  ovate-lanceolate,  margins  usu- 
ally serrate  or  crennle-serral e  terminal  leaflet 
larger  than  lateral  leaflets.  Inflorescence  an 
axillary  or  terminal  head  6-12  mm  in  diame- 
ter, solitaiy  or  arranged  in  lax  cjnnes;  outer 
involucral  bracts  7-10.  spatulate.  .3—4  mm  long, 
rellexed  at  anthesis,  inner  ones  ovate- 
lanoeolate.  Ray  flowers  absent  or  4-8,  ligulate, 
sterile,  corolla  7-15  mm  long,  white  to  yellow 
or  pinkish:  disk  flowers  tubular,  bisexual,  with 
3.0— 5  mm  long,  yellow  corolla;  stamens  with 
fused  anthers;  ovary  inferior,  1 -celled,  style 
bifid.  Fruit  a  linear  arhene  4-1  '.^  mm  long  4-f)- 
ribbed,  with  2-3(-5)  retrorsely  barbed  bristles 
of  2-4  mm  long.  Seedling  with  epigeal  germi- 
ii.iii  in  h}7)ocotyl  el<mgated;  cotyledons  strap- 
shaped  to  si>ntulate. 

Other  botanical  information  Bidens,  with 
its  over  200  species,  belongs  to  the  tribe 

aiithcar  ami  is  closely  related  to  Con'opsi.t, 
with  which  some  authors  advocate  uiutmg  it. 
The  taxonomy  of  Bidens  is  still  tinsatisfactoiy. 
^ekas  pilosa  is  a  very-  variable  species:  plants 
ore  more  or  less  erci  t  leaves  simple  to  highly 
dissected,  heads  discoid  to  radiate,  ray  flowers 
yellow,  pinkish  or  white  and  ^ort  to  long, 
achenes  awnless  or  with  2-5  bristles.  Different 
ploidy  levels  seem  to  play  a  role. 

Ghrowdi  and  developmettt  Bidens  pUosa 
plants  grow  fast;  flowering  starts  6  weeks  after 
emergence  and  continues  until  plant  senes- 
cence 2-3  months  later.  Black  jack  is  self- 
fertile  but  probably  partly  cross-pollinated  hy 

in.seets.  The  first  seed  is  mature  4  weeks  after 
flowering.  Each  plant  bears  at  least  80  flower 
heads  with  a  potential  production  of  3000 
plants  in  a  single  generation  and  4  generations 
per  year.  Seed  harvested  from  central  achenes 
has  a  higher  germination  rate  than  that  har- 
vested from  the  peripheral  achenes.  The  fioiits 
have  tiny  barbed  hooks  that  enable  them  to 
readily  stidc  on  clothes  and  the  coats  of  passing 
animals  as  a  means  of  dispersal.  Plowing  water 
can  also  disperse  the  fruits 

Ecology  Blackjack  grows  freely  in  disturbed 
places,  or  as  a  weed  m  crops  such  as  cereals, 
pulses  and  cotton,  in  sunny  or  slightly  shaded 
places,  from  sea  level  up  to  2400  m  altitude. 
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The  optimum  tcmporature  for  germination  is 
25-30''C.  Temperatures  below  15°C  and  above 
45'C  are  not  favourable.  It  thrives  in  soils  with 
a  pl  l  i  iiiiKiny  from  4-9  and  can  tolerate  a  ver\' 
high  salmity,  up  to  100  mM  NaCl.  Flooding 
reduces  seed  emergenoe. 

Propagation  and  planting  Bideits  pHosa  is 
only  sexually  propagated.  The  weight  of  1000 
seeds  (fruits)  is  about  1.4  g.  The  seed  has  no 
dormancy  and  germinates  within  3-4  days  in 
moist  upper  soil.  Hnrv'osted  fruits  form  Inrpe 
balls,  which  ai-e  difficult  to  disentangle,  but 
after  dtjdng  and  storing  for  over  three  weeks, 
the  batbed  hooks  break  off  easily,  Dry  seed  is 
toug^  and  remains  viable  for  at  least  three 
years.  The  emergenoe  is  good  when  seed  is  bur- 
ied not  more  than  4  cm  in  the  soil.  The  seed 
will  not  germinate  if  buried  at  more  than  6  cm. 
Soaking  of  the  seed  in  wat«r  increases  germi- 
nation. 

Management  Bidens  pilnsa  is  n  wee  d  in 
both  field  and  plantation  crops  and  is  recorded 
as  troublesome  in  about  30  crops  in  more  than 
40  countries,  including  about  20  African  coun- 
tries. It  IS  considered  one  of  the  most  noxious 
annual  weeds  in  East  Africa.  It  often  becomes 
dominant  after  the  eradication  of  perennial 
^n-;iss<  s  ;in(I  displays  allelopathic  effects  on  a 
number  of  crops. 

Blade  jade  is  a  semi-cultivated  plant  in  com- 
pounds where  selective  weeding  is  applied. 
(Cultivation  is  easy.  The  seed  is  sown  brondcast 
or  in  rows  and  the  seedlmgs  thinned  out  to  10- 
15  cm.  As  a  vegetable,  the  plants  are  ready  for 
harvesting  within  weeks  of  emergence, 

before  seed  setting.  There  may  be  4  or  5  suc- 
cessive plantings  within  a  year.  If  black  jack  is 
grown  for  harvesting  the  leaves  as  antimalaria 

modirino  dofln^vorini,'  is  nerossnry  to  retard 
senescence  and  mamlain  growth. 

Diseases  and  peste  Veiy  few  records  of 
pests  and  disr-.)scs  hrnc  boon  rornrded  on  this 
plant.  In  Nigi  ria  the  I'oliowmg  were  observed:  a 
virus  causing  greyish-green  and  lumpy  leaves, 
plants  remaining  small  and  flowering  early; 
Corcospora  bidi'iitis  leaf  s{iot:  leaf  miners  in 
older  leaves;  larvae  of  the  moth  Perigeu  pun- 
perata,  20-30  mm  long  and  pale  greenish  with 
a  yellow  head,  sheltering  in  leaves  bound  to- 
gether. 

Harvesting  In  cultivation,  the  first  harvest 

is  4-6  weeks  after  sowing,  when  the  plants  are 
1.5-30  cm  high.  Hnn'osfing  is  done  by  hand 
picking,  cutting  or  uprooting,  if  the  plants  are 
toi^<i  a  second  harvest  can  follow  after  2 
wedcs.  Up  to  6  harvests  are  possible. 


Yield  The  yield  is  up  to  3  kg/m^ 

Handling  after  harvest  Tender  leaves, 
shoots  or  whole  young  plants  aie  washed  and 
tioil  into  bundles,  after  whieh  they  may  be 
taken  to  the  market.  Although  they  are  not  as 
perishable  as  most  leafy  vegetables,  the  leaves 
intended  for  marketing  are  harvested  late  dur- 
mg  the  day  or  early  in  the  morning  so  that  they 
remain  fresh  for  marketing.  Leaves  may  also 
be  paiboiled  and  then  dried  in  the  sun  for  later 
use.  Leaves,  stems,  roots  and  seed  intended  for 
medicinal  purposes  do  not  require  any  delicate 
handling. 

Genetic  resources  In  view  of  its  wide- 
spread distribution  and  weedy  nature  Bideiu 
piloaa  is  not  at  risk  of  genetic  erosion.  Its  wide 
variability  in  morphology-  and  cytology  indi- 
cates much  genetic  variation,  which  warrants 
more  research. 

Prospects  There  does  not  appear  to  be  a 

high  need  for  commerrinl  roltivntion  of  black 
Jack  because  it  occurs  abundantly  as  a  weed. 
Cultivation  might  even  promote  its  spread  as  a 
weed.  The  traditfonal  apphc^ition  of  Bidem 
pilosa  in  local  medii-ine  especially  for  its  anti- 
septic and  anti-inflammalory  properties,  will 
remain  of  importance,  the  more  so  as  the 

plants  arc  readily  a\;)ilahle.  The  immuno- 
modulatory ant  i-inilammatory  and  especially 
antimalarial  piuperties  deserve  further  atten- 
tion. 
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BIDENS  SCUIMPERI  ix;h.Bip. 

Protologue  Repert.  Bot.  Syst  .  6:  168  (1846). 

Family  Astfrncc'io  fromimsitin') 

Origin  and  geographic  distribution  Bidens 
schimperi  is  found  throughout  eastern  Afinca 
fioin  sdulhcin  Ktivpt  to  South  Africa.  It  is  par- 
ticularly common  m  the  highlands  of  Tanzania 
and  Zimbabwe. 

Uses  The  leaves  are  eaten  ;is  ;i  xcut  tnble  in 
Tan/nnin  Thry  nm  rhnppfd  and  moUcd  alono 
or  with  other  vegetables  such  as  peas  or  pump- 
kin leavefl.  Coconut  milk,  groundnut  paste, 
tiinijitiii's  and  onions  are  often  added  to  im- 
prove the  palatabihty.  In  Malawi  the  young 
shoots  are  bndcen  up  into  small  pieces  and 
cooked  as  a  vegetable,  often  together  with 
black  jack  (Bidfiin  pilusa  L.).  The  product  is 
verji'  bitter  and  not  much  liked. 
In  Tanzania  the  roots  are  used  to  treat  chest 
pnins,  coughs  and  colds,  and  Bidpiis  .srliiin/irri 
is  also  valued  there  as  an  ornamental,  fodder 
and  bee  forage. 

Botany  .Annual  erect  herb  up  to  .">)  m 
tall  with  l-anylf'd  stems,  sometimes  branched. 
Leaves  opposite,  rarely  alternate  towards  the 
upper  part  of  the  plant,  usually  tripartite,  20(— 

MO)  cm  lO(-in)  cm;  leaf  setjments  owile  or 
narrowly  oblong-ovate,  margins  entu-e,  lobed, 
indsed-dentate  or  crenate^rrate.  Inflores- 
cence a  head  2.5-4  cm  in  diameter,  nrrnnged  in 
l;i\-  cymes  outer  involurral  bracts  8,  2  5-10 
mm  lung.  Kay  llowers  6-8,  sterile,  corolla  6-20 
mm  long,  yellow;  disk  flowers  tubular,  bisex* 
Lial  with  I-  1  mm  long.  yiUnw  corolla.  Fruit  a 
linear  achene  up  to  16  mm  long,  4-nbbed,  with 
(l-)2  retrorsely  barbed  bristles  up  to  4  mm 
long. 

The  penus  Biflms  in  .\frica  comprises  f>H  spe- 
cies. The  Al'ncan  species,  formerly  considered 
to  beknig  to  the  genus  Coreopsis,  are  now  all 

pl.H  i  .]  ITT  Piifirn.s 

Ecology  In  Tanzania  Bidens  schimperi  is 
ccanmon  in  dry  grassland,  on  black  cotton  soil, 
in  abandoned  fields  and  overgrazed  or  recently 
burnt  grassland,  £rom.  sea-level  up  to  2400  m 
allilude. 

Oenetie  resonroes  and  breeding  As  it  is 

widespread  and  locally  common,  Didens  schim- 
peri is  not  at  risk  of  genetic  erosion. 

Prospecte  Bidens  schimperi  is  likely  to  re- 
main a  locally  important  vegetable  in  areas 
whore  it  is  common  during  periods  when  other 
vegetables  are  scarce.  Because  of  its  weedj- 
nature  it  should  not  be  promoted  as  an  oma- 
m^tal  outside  the  area  of  distribution.  Tradi- 


tional medicinal  uses  will  continue  to  be  impor- 
tant locally. 

Major  references  Alonzo,  D.S.  &  Hilde- 
brand.  J,\V,.  1999:  Mesfin  Tadesse.  198  1  Ruffo, 
C.K.,  Birnie,  A.  &  Tengnas,  B.,  2002;  William- 
son, J.,  1955. 

Other  references  Kokwaio,  J.O.,  1993;  Mes- 
fin Tadesse,  1994a. 

Aufhora  C.H.  Bosch 


BORASSUS  M.VDAGASCARIENS1S  Bojer  ex 
Jum.  &  H.Perrier 

Protologue  .Ann.  Inst.  Bot.-Geol.  Colon. 
Marseille  a6r.  3.  1(1):  61  (1913). 

Family  Arecaceae  (Palmae) 

Synonyms  Borusstis  Pubi'llifer  L.  var.  ma- 
duguscariL'iisis  Jum.  &  H.Perrier  (1907). 

Vernaoiilar  names  Madagascar  Palmyra 

pnlm  (Rn)  Ronierde  Madagascar  (Fr) 

Origin  and  geographic  distribution  Boras- 
sus  madagascariensis  is  endemic  to  Madagas- 
car. 

Uses  The  palm  heart  is  eaten.  The  newly 
germinated  seedlings  are  eaten  fresh,  or  cooked 
into  a  sort  of  gruel  that  is  much  relished.  The 

stem  pith  gives  a  slightly  bitter  sago-like  sub- 
stance that  is  also  consumed.  The  hoUowed-uut 
Stems  were  formerly  used  as  containers.  An 
alcoholic  drink  is  produced  from  the  firuit. 

There  are  no  reports  of  the  production  of  pnlm 
wine  from  Borassus  madagascariensis,  m  con- 
trast with  the  Borassus  species  of  the  African 
mainland  wliich  .nc  wiH-known  sources  of 
this.  Borassus  madagaacariensLa  is  occasionally 
grown  as  an  ornamental. 

Properties  The  seeds  contain  an  oil  that  is 
rich  m  unsaturated  fatty  acids.  No  other  data 
are  available  on  the  chemical  composition  of 
BorasMis  madagasearieiisis.  However,  yoimg 

shoots  of  the  related  species  Dnran.vi.'i  Pabpfli- 
fer  L.  from  mainland  Africa,  which  is  mainly 
used  for  the  production  of  palm  wine,  contain 
per  100  g  edible  portion;  water  69,-5  g,  energy 
431  kJ  (103  kcal).  protein  2.7  g,  fat  0.2  g.  car- 
bohydrate 24.4  g,  fibre  2.2  g,  Ca  18  mg,  P  140 
mg,  thiamin  0.05  mg,  riboflavin  0.18  mg,  niacin 
0  9  mg  ascorbic  acid  8  mg  (Leung,  W.-T.W., 
Busson,  F.  &  Jardin,  C,  1968). 

Botany  Palm  with  solitary  trunk  10-16  m 
tall.  40-60  cm  in  diameter,  with  a  swelling  of 
up  to  US  cm  nt  or  above  the  middle.  Leaves  12- 
20  m  crown,  arranged  spirally,  up  to  5  m  long, 
palmately  compound;  petiole  2-3  m  long;  seg- 
m^ts  60-96,  1.2-2  m  x  4-9  cm,  undulating. 
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Inflorescence  unisexual;  male  inflorescence  c. 
1.5  m  long,  branched  to  1-2  orders,  with  4—14 
partial  infloresoences,  peduncle  20-60  cm  \osag, 
bracts  2-4,  up  to  40  cm  lon^»:  fciiKilc  mflores- 
cence  unbranched,  c.  1.2  m  long,  peduncle  c.  35 
cm  long,  bracts  9-10,  up  to  50  cm  long.  Flowers 
unisexual.  3-merous:  male  flowers  with  6  sta- 
mens; female  flowers  with  superior,  3-celled 
rounded  ovarj'.  Fruit  a  subglobose  drupe  15—18 
em  in  diameter;  pyrenes  3,  shaped  as  on(>-lhird 
of  a  globe,  c.  12  cm  x  8-12  cm  x  5-7  cm.  Seeds 
6.5-8.5  cm  x  7-7.5  cm  x  5-5.5  cm. 
Borasma  aambircaiensia  Jum.  &  H.Perrier,  also 
from  Madagascar  mikI  pnssiblj'  conspr-cifie  with 
Boraasua  aethiopum  Mart.,  has  similar  uses  as 
Boraama  madagasearienaia. 

Ecology  Borassus  madagascariensis  occurs 
along  rivers  on  alluvial  soils  at  low  ahitudes. 

Management  Borassua  inadagascanvnsia  is 
reproduced  through  seeds.  These  are  to  a  lim- 
ited extent  trailed  on  \hr  international  market. 
There  are  about  3  seeds  in  one  kg. 

Genetic  resources  and  breeding  The  con- 
servatioii  st.itus  oi  Boraasua  madagascariensia 
is  rated  as  vulnerable  on  the  II'CN  red  list  of 
threatened  plants.  Although  known  from  sev- 
eral sites,  the  original  habitat  over  the  entire 

i-ilnil  ion  are;i  h 88  been  almost  totnlly  il<  - 
stioyed.  There  are  no  known  germplasm  collec- 
tions. 

In  addition  to  about  15  individuals  in  the  Sam- 
birano  area  in  Mndngascnr,  just  a  few  trees  of 
Borassua  aambiraiumsia  are  known  from  May- 
otte. 

Prospects  Borassus  m<id<tii(t.H<-(in'('ii sts  is  ,iti 
attractive  palm,  but  with  no  special  qualities 
compared  to  the  more  common  Boraaaua 
aetiaopum.  The  uses  are  only  of  local  impor- 
tance noras.vi.'i  .Hniiihhrijnvisis  often  has  a 
characterist  ic  bulge  m  the  middle  of  the  trunk, 
also  observed  in  East  African  Boraaaua  aeikio- 
pum,  which  renders  it  more  interesting  as  an 
ornamental.  The  collection  of  seeds  from  the 
wild  for  the  purpose  of  international  trade 
must  be  discouraged. 

Major  references  Burkdl,  II, M,  1997; 
Dransfield,  J.  &  Beenlje,  II. J.,  1995;  Jumelle, 
H.,  1946;  Leung,  W.-T.W.,  Busson,  F.  ft  Jardin, 
C.  I9f;8;  Rabarisoa,  I.,  Biancfaini,  J.P.  ft  Gay- 
dou,  E.M.,  1988. 

Other  references  Davies,  R.I.  &  Pritdiard, 
HAV  1998;  Haynes,  J.  &  McLaughlin.  J., 
2000:  11 CN,  2002:  Johnson  D.V.,  1996;  Wal- 
ter, K.S.  &  GiUett,  H.J.,  1998, 

Authors  W.  J.  van  der  Burg 


Brassica  carinata  A.Braun 

Protologue  Flora  24:  267  (1841). 

Family  niiissicaceae  (fruciferae) 

Chromosome  number  2n  =  34 

Synonyms  Braaaiea  U^i^rifoUa  (H.West) 
Rui)r.  var.  carinata  (A.Braun)  O.E.Schulz 
(1919). 

Vernacular  names  Ethiopian  kale,  Ethio- 
pian mustard,  Ethiopian  T:\\ie,  Abyssinian 
mustard  (En).  Chou  ethiopien,  moutarde 
d  Abyssmie  (Fr).  Figiri  (Sw). 

Origin  and  get^praphic  disMbutton  Braa- 
sica  carinata  is  an  amphidiploid  with  one  ge- 
nome from  Brcuaica  nigra  (L.)  Koch  and  the 
d&uex  from  Braaaiea  oleraeea  L.  Ethiopia  is  the 
centre  of  genetic  diversity'  of  Braaaiea  carinata, 
and  its  cultivation  is  thought  to  have  started 
there  about  4000  years  BC.  Truly  wild  types 
are  not  known,  but  Braaaiea  etuinata  often 

escapes  from  cultivation.  In  the  literature  it 
has  been  much  confused  with  Brassica  juncea 
(L.)  Czem.,  and  therefore  its  exact  distribution 
in  Africa  is  difficult  to  indicate.  The  cultivation 
of  Brassica  carinata  as  an  oil  crop  is  restricted 
to  Ethiopia,  but  as  a  leaiy  vegetable  it  is  often 
grown  in  East  and  southern  Africa,  less  so  in 
W.  vt  iind  Central  Africa. 

Uses  In  most  parts  of  Africa,  the  primarv-  use 
of  Brassica  carinata  is  as  a  cooked  leafy  vegeta- 
ble, whereas  in  Ethiopia,  where  it  is  called 
gomen  7er'  in  .Amarinya,  the  seed  oil  is  of  major 
importance  too.  Outside  Africa,  especially  in 
western  and  southern  Asia,  it  is  occasionally 
grown  as  an  oilseed  crop  or  for  mustard.  The 
seeds  are  crushed  and  the  oil  is  used  fur  cooking 
and  in  the  mustard  industty.  The  oil  has  limita- 
tions for  onridng  because  of  hii^  contrats 


Braaaiea  carituUa  -  planted  mid  naturaUzed 
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of  Rlucosinolatr  s  nnd  rrucir  ncid.  In  Ethiopia  it 
is  used  for  oiling  the  baking  plates  of  earthen- 
ware injera'  stoves.  It  is  also  used  for  illumina- 
tion  The  seed  is  usctl  in  folk  inedidne  to  treat 
stomach-ache,  l^eople  in  Ethiopia  use  the 
sharp'tasting  seeds  as  a  spioe  to  flavour  raw 
merit.  The  cmp  is  nctasionally  used  as  fodder 
for  livestock  and  the  seeds  to  feed  birds.  The 
seed  cake  is  used  as  high  protein  food  for  ani- 
mals, .lit  hough  the  presence  of  glucosinolates  is 
a  limilnisi  factor.  Of  Into,  thcif  has  boon  nn 
interest  in  utilizing  the  oil,  like  other  Braasica 
seed  oils,  as  a  biodiesel  and  for  the  preparation 

of  special  ci'lU-ii'  .•h-kI  di  i-ivntivcs, 

Fkodnction  and.  international  trade  Pro- 
duction of  Brasaiea  eariiuUa  tor  its  seed  is  im- 
portant only  in  Bthitqiia;  production  in  Canada 
and  the  Mediterranean  region  is  still  mainly 
experimental.  As  a  leafy  vegetable  il  is  mostly 
grown  as  a  kitchen  garden  crop,  although  in 

Trin/.ini.n  \f.il.i\vi  Zambia  ;ind  to  a  lessor  ex- 
tent m  Zimbabwe  it  is  also  grown  as  a  market 
crop.  Its  use  as  a  leaf  crop  appears  to  be  declin- 
ing because  of  higher  yielding  leaf  cabbage 
(Brasaiea  olenn  t'd)  nnd  leaf  mustard  (Bra.ssica 
juncea).  No  statistical  data  on  its  production 
are  known. 

Properties  There  is  no  information  on  the 
nutritional  composition  of  Braasica  carinata 
leaves,  but  it  is  probably  (omparable  to  Brcu- 
sica  juiicca.  The  seeds  are  rich  in  oil,  contain- 
ing 25-17%  depending  on  roltivar  nnd  growing 
conditions;  the  protem  content  is  also  high,  25- 
46%  and  comparable  to  that  of  pulses.  The  oil 
consists  of:  erucic  acid  .3.5-44%,  linulen-  ar  id 
15-22%,  linolenic  acid  16-20%,  oleic  acid  lU- 
1296,  eicosenoic  acid  7-9%  and  palmitic  acid  2- 
4%.  Lines  containing  oil  without  erucic  acid 
have  been  developed  through  noss-breeding 
with  Braasica  juncea  and  Bmssica  iiaptis  L. 
and  through  mutagenesis.  The  seeds  have  a 
high  content  of  glucosinolates  (100-200 
^moles/g),  almost  exclusively  sinignn  which 
has  antioxidant  but  also  goitrogenic  properties. 
The  phytoalexin  bi  assilcxin  and  several  of  its 
precursors  are  synthesized  by  Brusstvn  cari- 
nata in  response  to  attack  by  the  blackleg 
pathc^ien  Lq>tosphaeria  mcKubnta,  whidi  may 
explain  its  resistance  to  it 

Adulteration  and  substitutes  The  Bras- 
aiea carinata  leaf  crop  can  be  r^laced  by  the 
various  types  of  leaf  cabbage  (Brmau'o  ol- 
eracea)  or  leaf  mustard  {Bmssica  junccn).  the 
seed  crop  by  Brassica  juncea,  Brassica  napus 
or  Braaaica  niffia. 

Deaeriptlon  Erect,  annual  or  occasionally 


Brasaiea  etuinata  -  I,  habit  of  young  plant;  2, 

Pou  criusi  and  fniiiinghratirU; .?, 
Redrawn  and  adapted  by  iskak  Syaniaudia 

biennial  or  perennial  herb  up  to  150(— 200)  cm 
tall  u.sually  branched,  glabrous  to  slightly 
haiiy  at  stem  and  petiole  bases,  slightly  glau- 
cous; taproot  strong.  Leaves  alternate,  usually 
simple,  lower  ones  sometimes  with  1  pair  ef 
small  side  lobes  at  base;  stipules  absent;  all 
leaves  with  short  petiole;  blade  obovate,  up  to 
20  cm  X  10  cm,  double-crenulate  but  upper 

ones  often  more  or  les?  entire  Inflorescencr 
initially  a  rather  loose  umbel-like  raceme  but 
soon  elongating,  up  to  60  cm  long.  Flowers  bi- 
sexual, regular  4-merous:  pedicel  ascending, 
5-12  mm  long;  sepals  oblong,  ■i-6(-7)  mm  long, 
green:  petals  obovate,  6—10  mm  long,  clawed, 
pale  III  Isiiuht  yellow:  stamens  6:  ovarj'  supe- 
rior cylindrical.  2-celled.  stigma  globose.  Fruit 
a  linear  silique  2.5-6  cm  x  2—3.5  mm,  often 
somewhat  constricted  between  the  seeds,  with 
a  conical  beak  2-(i(-7)  mm  long,  dehiscent,  up 
to  20-seeded.  Seeds  globose,  1-1.5  mm  in  di- 
ameter, finely  reticulated,  pale  to  dark  brown. 
Seedling  iil:  i  iHtji-al  germinatmn  with  a  strong 
main  root  and  fibrous  lateral  roots;  hypocotyl 
2-3  cm  long,  epiootyl  very  short;  cotyledons 
broadly  obovate.  c.  2.5  cm  long,  dark  green. 
Other  botanloal  inlbniuittou  Three  wild 
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Bra.ssirn  species  are  found  in  the  Mediterra- 
nean region:  Brassica  nigra  (L.)  Koch  (black 
mustard)  with  the  basic  chromosome  number  n 
=  8  (B  genome).  Bnisniru  olenni'a  L,  iCalilinye) 
with  «  =  9  (C  genome)  and  Brassica  rapa  L. 
(turnip)  with  n  =  10  (A  genome).  Brassica  eari- 
»(//<;  is  considered  an  amphidiploid  hybrid  be- 
tween Braaaica  nigra  and  Braaaica  oleracea, 
with  genomes  BBCC,  2n  =  34.  The  hybridize' 
tion  may  have  occmrred  on  several  oc-casioos; 
genetic  evjilcnce  indicates  that  in  nil  cases 
Brassica  nigra  has  been  the  female  parent. 
Brassica  juncea  is  an  amphidiploid  hybrid  be- 
tween Brassica  nigra  and  Brassica  rapa  with 
2n  =  36.  It  is  often  confused  with  Brassica 
earinata  and  information  can  not  alwasra  be 
attributed  to  l  itliei-  of  these  species  with  cer- 
tainty The  losver  lenves  of  Brassica  juncea 
usually  have  mure  lobes  and  its  fruit  beak  is 
longer  (usually  >  6  mm). 

Growth  and  development  The  time  from 
sowing  to  emergence  of  the  seedling  is  about  5 
days,  depending  on  temperature  and  soil  mois- 
ture. Plants  develop  an  extensive  root  system, 
larger  than  in  other  Brassica  species  In  gen- 
eral, large-leaved  cultivars  have  fewer 
branches  than  small-leaved  ones.  There  is  a 

difierenre  in  first  flowering  dale  })elueen  oil 
types  and  vegetable  types;  oil  types  start  llow- 
ering  about  10  weeks  after  germination,  vege- 
table cultivars  after  about  12  weeks,  dept^nding 
on  cxiltivar  and  firowing  conditions.  I'lowcrinp 
of  vegetable  cultivars  is  delayed  by  regular 
harvesting  of  leaves  or  young  shoots.  Plants 
grown  in  dry  regions  flower  earlier  and  produce 
ripe  seeds  u  ithin  4  months  from  sowing.  Vege- 
table crops  grown  with  adequate  moisture  pro- 
duce seeds  in  5-6  months.  Some  tall  cultivars, 
when  grown  with  adequate  moisture  may  de- 
velop new  shoots  after  removal  of  the  ui- 
fructesoenoes  and  become  perennial,  normally 
for  one  further  season  but  plants  of  up  to  1 
years  old  have  been  recorded.  Most  Brassica 
species  are  croes^ollinating,  whidi  contributes 
to  the  great  diversity  within  species.  Brassica 
cariiiafa  is  an  exception  as  it  sets  seed  very 
efficiently  through  sell-poUination  wilhoul 
insects  acting  as  pollinators.  It  does  not  need 
low  temperatures  for  flower  initiation  and 
seed  production  is  therefore  much  easier  in 
Africa  than  for  most  Brassica  oleracea  leaf  cab- 
bages except  for  Portuguese  kale. 

Ecology  Ethiopian  kale  is  rather  versatile 
and  can  be  found  m  highland  regions  up  to 
2600  m  with  a  cool  climate,  but  also  in  low- 
lands with  relatively  warm  and  dry  conditions. 


It  grows  best  in  the  dry  season  under  irrigation 
when  there  are  few  pests  and  diseases.  The 
crop  is  suited  to  a  wide  range  of  soils  and  espe- 
cially the  oil  crop  is  often  grown  in  mfuginal 
areas;  the  vegetable  crop  is  mostly  grown  on 
more  fertile  soils.  Ethiopian  kale  can  grow  from 
the  e<iuat()r  to  Canada  and  appears  to  be 
daylength  neutral.  It  is  sensitive  to  salt  and 
seeds  may  not  germinate  in  soils  with  an  above 
average  salinity  level.  Waterlogging  is  not  (ol- 

crated. 

Propagation  and  planting  Propagation  is 
normally  by  seed  and  rarely  tiirough  cuttings. 

The  weight  of  1000  seeds  is  3-'  y  When  grown 
for  the  leaves,  sowing  m  a  nurset;>'  and  trans- 
planting are  widely  practised.  See(9>ed8  are 
normally  raised  above  the  soil  to  reduce  the 
incidence  of  damping  off  The  top  layer  is  dug 
and  some  well-fermented  manure  is  worked  in 
to  produce  a  friable  soil.  Seeds  are  drilled  in 
the  nursery  in  lines  15—20  cm  apart.  Watering 
in  the  nurset;)'  should  be  done  witii  a  fine  rose. 
Farmers  may  cover  the  seedbeds  with  long 
grass  or  similar  material  to  keep  the  surface 
moist  and  dark.  When  the  cotyledons  have 
spread  after  germination,  this  mulch  is  re- 
moved or  placed  next  to  the  plantlets.  Seed- 
lings can  be  transplanted  at  the  4-lenf  stage, 
about  6  weeks  after  germination.  When  seed- 
lings become  too  tall,  they  may  bec-ome  spindly 
and  unlikely  to  develop  into  strong  plants.  The 
field  spacing  is  about  ii.'i-  10  cm  within  and  50— 
60  cm  between  rows,  dependmg  on  the  plant 
size.  Near  Nairobi  (Kenya)  the  space  between 
mws  is  interplanted  with  shallot,  parsley  and 
the  leafy  vegetable  CrotaUiria  sp.  When  grown 
as  an  oil  crop,  seeds  are  sown  directly  in  lines 
or  broadcast  when  a  short-duration  leaf  crop  is 

nitncil  ff.r 

Maiiagcmcut  Ethiopian  kale  responds  well 
to  organic  manure  of  up  to  20  t/ha.  Most  farm- 
ers find  it  easier  to  incorporate  chemical  fertil- 
izers in  the  plant  Iteds  at  the  rate  of  about  ICQ 
kg  N  and  30  kg  P .  Hi  gher  levels  of  nitrogen  vnll 
increase  proteins  and  enhance  leaf  production, 
whereas  more  jjhiisphorous  wdl  enhance  the 
seed  production  potential.  Some  vegetable 
formers  will  therefore  increase  the  initial 
amount  to  .'^00  kg  N"  whereas  others  give  n 
fortnightly  side  dressing  of  50  kg  N  at  a  time. 
For  oilseed  production,  all  fertilizers  are  incor- 
porated at  planting  and  no  topdressing  is 
given.  For  leaf  production  regular  irrigation  is 
neces8ar>'  when  it  is  not  raining  since  water 
stress  induces  early  flowering.  When  the  crop 
is  sown  at  the  onset  of  the  rains,  attack  by 
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pests  and  diseases  will  be  severe.  To  avoid  such 
attacks,  it  is  recommended  that  the  crop  be 
sown  5-6  weeks  before  i  ;uns  m-e  expected  so 
th:it  the  ( lop  can  be  transplanted  at  the  onset 
of  the  rains. 

Diseases  and  pests  Ethiopian  kale  is  sensi- 
tivi-  to  turnip  mosaic  virus  (TuM\')  and  espe- 
cially the  leaf  crop  is  vulnerable.  TuM\'  is 
transmitted  by  a  ran^'e  of  aphids,  of  which  the 
cabbage  aj)hid  Bn-i  icoryne  hvajtsicac  and  the 
green  peach  aphid  Myziis  perfsirar  -.wo  the  most 
important.  Oilseed  tj^jes  with  bluish  leaves 
have  a  thicker  lasrer  of  leaf  wax  than  green- 
leavcd  \'(>getable  types  and  it  has  been  noticed 
that  leaf  wax  keeps  aphids  at  bay  to  some  ex- 
tent. Leaf  wax  is  also  associated  with  the  l^rel 
of  toleraiK  I '  to  Altt  iiiai  ia  leaf  spot  (Altemaria 
hrassiiiii')  Ethiopian  knio  is  susi-eptible  to 
black  rot  (Xaitthoinonus  caiiipestris),  black  spot 
(Altemaria  braasieieola),  and  to  damping  off 

and  seedling  mol  rot  (RJiiznrlntiin  sold  III),  ('ill- 
tivar  "Nanga'  from  Zambia  has  shown  tolerance 
to  blade  rot.  Elthiopian  kale  is  tolerant  to  blade 
leg  disease  Leptoaphaeria  maeulans  (asexual 

form  Phoma  lingam).  \Miite  rust  (Albugo  ccai- 
didu)  IS  mainly  found  un  vegetable  cultivars, 
but  not  in  the  oil  crop.  Xanihomoiuu,  Alter- 

nnria  Phoma  and  Rhizactoiiid  ar(>  so(»dbomo 
diseases,  su  a  reliable  seed  source  is  most  im- 
portant, but  these  diseases  are  also  retained  in 
the  soil  so  appropriate  crop  rotation  is  also 
essonlia].  To  avoid  hiark  rot,  proHiirtion  durinp 
the  rumy  season  is  not  recommended.  The  best 
disease  control  is  proper  management  rather 
than  .1  sjirav  inti  ro^jiino  with  atjro-chemicals. 
Oiamundback  moth  (PliUella  xylostella)  is  less 
problematic  on  Ethiopian  kale  than  on  cab- 
bages and  cauliflower.  Other  j)esls  include  cat- 
erpillars of  the  rabbapp  biillorfly  {Plrvia  brassi- 
cae)  and  the  grubs  of  mustard  sawtly  (Athalia 
proxima),  a  pest  that  is  particularly  important 

at  the  seodlinp  stapo.  Othor  posts  are  the  cab- 
bage and  mustard  aphid  {HyadaphU  pseudo- 
braaaieae,  sjiionym:  Lipaphis  erysiini),  cabbage 
weevil  (Lima  ap.),  flea  beetles  (Phyllotreta 
spp.),  and  hurricane  bug  (fiagrada  crueifera- 
min). 

Harvesting  There  are  several  wasrs  to  har- 
vest this  vpgetable.  Plants  from  seeds  that 
were  broadcast  at  high  density  can  be  har- 
vested by  uprooting  the  whole  plant  6  weeks 
after  sowing,  This  hkiIhmI  is  normally  used 
when  the  land  is  needod  for  another  crop.  For  a 
conventional  crop,  the  first  harvest  takes  place 
about  6  weeks  after  transplanting.  Leaf  har- 
vesting is  best  done  once  in  2  weeks  with  50% 


defoliation.  Small-leaved  cultivars  are  often 
collected  in  the  form  of  shoots  rather  than  as 
individual  leaves. 

Seed  crops  are  harvested  when  the  fruits  tuin 
brown.  Infructescences  are  cut  and  placed  on  a 
tarpaulin  or  similar  sheet,  where  they  are  al- 
lowed to  diA  w  ithout  risk  of  seed  shattering. 
The  crop  is  then  threshed  and  winnowed. 

Yield  The  farmer  can  expect  an  average  leaf 
and  shoot  yield  of  1^5  t/ha,  but  al  rost  arch  sta- 
tions leaf  yields  of  .50-.">ri  (;1ia  have  been  re- 
ported, depending  on  pi-oduction  season  and 
cultivar.  In  India  and  Canada  farmers  may  get 
sofd  yiidd<  nf  rjnO-lsno  ku.lui  in  a  good  year, 

Handling  after  harvest  The  leaves  are 
rather  perishable  and  wilt  or  become  yellow 
when  left  on  the  shelf  for  more  than  a  day. 
Farmers  therefore  harvest  small  quantities  at 
a  time.  To  retain  freshness,  the  leaves  are  kept 
moist  inside  a  bag  that  is  left  in  the  shade  or  in 

a  cool  place   WTien  the  product  is  offered  as 

whole  plants  with  roots,  traders  place  the  roots 
in  water  and  plants  can  thus  be  kept  for  a  few 

dlQTS. 

Genetic  resources  The  genetic  diversity  in 
Bra.ssica  cariiiata  based  on  molecular  DNA 
markers  is  much  less  than  in  Braesiea  juneea. 

In  spite  of  the  comparatively  small  variation  in 
Brassica  cariiiala,  there  are  many  landraces 
for  both  the  oilseed  and  the  lea5'  vegetable 
type.s,  differing  in  earl  in  ess,  plant  structure, 
leaf  si/e,  shape  and  sinirture.  seed  yield  and 
glucosuiolate  and  erucic  acid  levels  in  the  seed. 
There  is  a  need  for  further  collection,  conserva- 
tion  and  evaluation  of  this  diversity  before 
farmers  start  usmg  new  cultivars  at  the  ex- 
pense of  their  traditional  landraces.  A  collec- 
tion is  maintained  a(  the  Centre  for  (  '.i  n^  iic 
Resoiirros  (('(IN)  Wapeninpen.  Netherlands 
Working  collections  are  available  at  research 
institutes  in  Ethiopia,  Tanzania,  Zambia  and 
Zimbabwe. 

Breeding  In  Africa  some  breeding  work  has 
been  done  and  several  selections  have  been 

made  in  Tanzania,  Zambia  and  Zimbabwe. 
Selection  criteria  .are  leaf  size,  late  boltini; 
reduced  susceplibiiily  to  major  diseases  and 
pests,  and  high  yield.  Well-known  cultivars  are 
'White  Fipiri',  'Puqilo  Fipiri'.  T.ushoo'  Mbeya 
Green'  and  the  large-leaved  Lambo  from  Tan- 
zania, 'RRS-V  from  Zimbabwe,  'Chibanga'  and 
•NIKS  iVom  Zambia,  'TAAIU  Tex  Sel'  is  a 
vegetable  cultivar  released  in  Texas  (I'nited 
States).  In  Zambia,  Ethiopian  kale  has  been 
crossed  with  Portuguese  cabbage  and  with 
Braanca  nigra.  More  breeding  work  has  taken 
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place  on  cultivars  used  for  oilsood,  mninly  in 
Canada,  India  and  Italy.  Low  erucic  acid  and 
gluoosinolate  content  and  high  seed  yield  are 
major  selertion  critiTia. 

Prospects  Ethiopian  kale  is  a  leaty  vegeta- 
ble and  oil  crop  that  is  fully  adapted  to  African 
oonditions  and  has  a  high  potential  There  are 
many  different  landraces,  allowing  the  breeder 
iimple  scope  for  advancement.  Seed  production 
by  fnrmers  ihrmscKes  is  easy,  but  the  avail- 
nbility  of  rcUable  and  healthy  rommerrinl  seed 
would  also  benefit  farmers.  If  no  action  is 
taken  soon,  this  species  will  gradually  disap- 
pear, and  be  r^laoed  by  new  cultivars  of  espe- 
cially Bmanea  juneea  and  loose-leaved  tj^es  of 
Braasiea  oUraeaa,  for  nduch  more  researdi  has 
been  done  and  whidi  receive  more  attention 
from  bri't-tiers. 
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BRASSICA  JUNCEA  (L.)  Czem. 

Protologue  <""onsp.  pi.  ehare.:  8  (1859). 

Family  Brassicaceae  (Crucil'erae) 

Cliroaiosoaie  number  2n  =  36 

Synonyms  Siiinpix  jiiiirm  (1753). 

Vernacular  names  Brown  mustard,  Indian 
mustard,  leaf  mustard  (En).  Mfmtarde  brune, 
moutarde  de  Sarepta.  moutarde  de  Chine, 
moutnrdo  frisre  (Ft  )  .Mostardn  vermeiha,  mo- 
st arda  mdiana  (Po).  Haradali,  mastadi  (Sw). 

Origin  and  gaographic  distribulion  Braa- 
aiea  jmieea  is  an  amphidiploid  with  Braadea 


Braasiea  juneea  - pUuUed  and  naturalised 

nigm  (L.)  Koch  (2n  =  16)  and  Brasaiea  rapa  L. 

(2ii  ~  20)  ns  parents.  Several  regions  in  west- 
em  and  central  Asia  have  been  assumed  to  be 
the  centre  of  origin  of  Braasiea  juneea.  Brown 
mustard  has  been  cultivated  in  Asia  and 
!]urope  for  thousands  of  years  for  its  leaves 
and  seeds.  Presently,  vegetable  types  of  Bius- 
siea  juneea  are  cultivated  throughout  southern 

and  eastern  .\sia,  ^"nriation  is  jjreatesf  in 
China.  Brown  mustard  is  grown  as  a  ieaHy 
veget  able  in  West  and  southern  Africa,  known 
as  'laulau'  in  Nig<'i  i:i  mpiru'  in  Malawi  and 
tsiinen'  in  Zimbnhwi-  In  many  African  coim- 
ti'ies  It  has  been  introduced  and  became  natu- 
ralized. However,  its  exact  distribution  in  Af- 
rica is  dilTicult  to  indicate  because  of  confusion 
with  other  Bmaaica  species,  especially  Bmsaica 
earinata  A.Braun.  Oilseed  types  are  particu- 
larly important  in  southern  Asia,  China,  North 
America  and  Huropc  but  are  not  or  only  rarely 
found  m  Africa.  Brassica  juneea  is  important 
as  a  source  of  mustard  in  Europe  and  North 

.America  and  it  is  orr.nsionally  planted  for  this 
purpose  in  Africa,  e.g.  in  Reunion  and  Mauri- 
tius. 

Uses  Brassica  juneea  has  many  uses:  it 
yields  a  seed  od  crushed  seed  is  used  in  the 
production  of  mustard  and  u  has  a  variety  of 
vegetable  uses.  It  is  also  used  as  forage  and 

medirinally. 

In  Africa  and  many  parts  of  Asia  the  leaves  are 
eaten  as  a  vegetable;  they  are  often  shredded, 
cooked  and  served  as  a  side  diah  with  the  sta- 
ple food.  Older  leaves  and  leaves  alTected  by 
drought  are  very  bitter.  When  they  have  to  be 
used,  consumers  renew  the  cooking  water  once. 
Young  t&nder  leaves,  called  'mustard  greens' 
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arc  used  in  salads,  mixed  with  other  salad 
greens.  In  Asia  brown  mustard  leaves  are  used 
in  pickles  or  offered  as  frozen  or  canned  vege- 
tables. Sprouted  seeds  are  used  as  a  garnish  or 
to  add  a  spicy  note  to  salads.  In  East  Asia  a 
variety  of  vegetable  types  have  been  developed 
that  are  eomparable  to  that  of  Brassica  ol- 
eracea  L.  Tai  Tau  Choi'  has  an  enlarged  root 
and  is  prepared  and  eaten  like  turnips,  while 
'Cha  Tsoi'  has  peculiar  swollen  stems  with 
knobby  bulprs  thnt  nre  presen'o<i  in  lirine  and 
pressed  flat  until  most  of  the  sap  is  removed. 
In  Asia,  Ehirope  and  America,  Brassiea  juneea 
is  grown  mainly  for  its  seed  used  in  the  fabri- 
cation of  brown  mustard  or  for  the  extracticHi  of 
vegetable  oil.  It  has  been  introduced  tor  this 
iniri>u>^e  locally  in  Afi  i<  a  in  the  Mascarene 
Islands.  In  inu<  b  of  ICiii-ope  Bnissicd  jiniroii  has 
replaced  Brussica  nigra  as  the  main  source  of 
oommercial  mustard  seed.  Its  mustard  is  spic- 
ier than  the  yellow  type  made  from  Brnssica 
nigm.  Mustard  oil  is  one  of  the  major  edible 
oils  in  Bangladesh,  India  and  Pakistan,  appre- 
ciated for  its  special  taste  and  pungency.  In 
adjacent  parts  of  the  former  Soviet  Union  it  is 
used  as  a  substitute  for  olive  oil.  In  Western 
countries  its  use  as  edible  oil  is  restricted  be- 
cause of  the  high  eruric  acid  conlenf.  The  oil  is 
also  used  as  hair  oil  and  as  lubricant.  The  oil  of 
cultivars  bred  for  extra  his^  erucic  add  content 
is  used  for  industrial  purposes.  A  peculiar  use 
of  mustard  oil  is  to  retard  the  fermentation 
process  when  making  cider  from  apples.  The 
seeds  are  also  used  in  birdseed  mixtures.  The 
remaininu  -I'fil  meal  is  hi  pmlrin  but  the 
high  glucosinolate  content  makes  it  unaccept- 
able for  human  or  for  monogastric-animal  con- 
sumpl  ion. 

Brown  mustard  is  reported  to  have  anodyne, 
aperient,  diuretic,  emetic  and  rubefacient 
prtHperties.  It  is  a  folk  remedy  for  attfafitis,  foot 
nrhe  lumbago  and  rheumatism.  In  China  the 
seed  is  usnl  as  medicine  against  tumours.  In- 
gestion may  unpart  a  body  odour  lepelloit  to 
mosquitoes  l^r.ives  applied  to  the  forehead  are 
said  to  relieve  headache.  The  leaves  are  eaten 
in  soups  to  treat  bladder  inflummalion  or 
haemorrhage.  In  Korea  the  seeds  are  used  to 

treat  nbsci'sses  enlds.  lumbago,  rheumatism 
and  stomach  disorders.  Brown  mustard  oU  is 
used  against  skin  eruptions  and  ulcers.  In 
Tanzania  the  roots  have  been  given  to  cows  to 
promote  milk  produeln  in. 

Piroduction  and  international  trade  Statis- 
tics on  the  production  and  trade  of  seed  oil  and 
mustard  of  Braaaiea  juneea  are  difficult  to  find 


as  the}'  arc  often  combmcd  or  confused  with 
those  of  rape  seed  {Brasswa  napus  L.  or  Ems- 
siea  rapa  L.).  Brassica  oil  is  the  third-most 
important  vegetable  oil  after  only  soya  Ix  rin 
and  oil  palm.  Brown  mustard  as  a  vegetable  is 
only  marketed  locally  even  in  those  parts  of 
.\sia  where  it  is  an  imiiortant  vegetable.  In 
Africa  it  is  mainly  encountered  m  southern 
Africa  and  is  quite  rare  elsewhere.  In  Zambia 
and  Zimbabw(>.  where  it  is  ref(>rred  to  as  'rape', 
it  is  verj'  popul.-n-  but  no  reliable  statistirs  are 
available  on  the  area  under  cultivation,  pro- 
duction or  produce  traded. 

Properties  Brown  mustard  leaves  contain 
per  100  g  edible  portion:  water  90.8  g,  energy 
109  kJ  (26  kcal),  protein  2.7  g,  fat  0.2  g,  caibo- 
hydrate  4,9  g  total  dietary  fibre  .3  3  g.  Ca  103 
mg.  Mg  32  mg.  P  43  mg.  Fe  1.40  mg.  Zn  0.2  mg, 
vitamin  A  10,500  lU,  thiamin  0.08  mg,  ribofla- 
vin 0.11  mg,  niacin  0.80  mg,  folate  187  |ig  , 
ascorbic  arid  70  mg.  Dry  mustard  seed  contains 
per  100  g  edible  portion:  water  6.9  g,  energ>' 
1964  kJ  (469  kcal),  protein  24.9  g,  fat  28.8  g, 
carbohydrate  34.9  g,  Ca  521  mg,  Mg  298  mg,  P 
811  mt;.  Fe  10.0  mg.  vitamin  A  62  lU.  thiamin 
0.54  mg,  riboflavin  0.38  mg,  niacin  7,9  mg, 
ascorbic  acid  3  mg  (USDA,  2003). 

The  s(>eds  and  l<',-i\es  ronlain  the  iilueosinnlate 
sinigrin.  Their  pungency  develops  when  cells 
are  damaged  and  sinigrin  is  hydroly/ed  by  the 
enzyme  myrosinasc  to  form  allyl  isothiocy- 
anate.  The  seed  also  eontnms  sterols  of  which 
the  most  important  ones  are  brassicasterol, 
campesterol  and  sitosterol.  The  oil  content  of 
the  seed  is  28-45%  with  an  average  of  about 
35%.  The  oil  is  similar  to  that  of  other  Braaaiea 
species  and  is  made  up  of  erucic  acid  25-66%, 
oleic  acid  8-33%,  linoleic  acid  12-21%,  linolenic 
ncid  8—14%,  eieosenoir  acid  G-12%,  palmitic 
acid  2—1%,  stearic  acid  0.8-1.5%,  arachidic  acid 
0.6-1.2%,  palmitoleic  add  0.2-^.6%,  nervonic 
add  0-2%,  behenic  acid  0-1%  and  lignooeric 
add  0-1%.  Eicosenoic  acid  and  erucic  add  are 
long-chain  fatiy  adds  that  have  antinutritional 
and  toxic  properties.  Cultivars  yielding  oil  low 
in  eicosenoic  m<  !(|  and  erucic  acid  have  been 
developed.  Their  fatty  acid  composition  is:  pal- 
mitic add  56%,  stearic  add  25%,  aradiic  add 
10%,  behenic  acid  n%  and  lipnoceric  arid  -3% 
(USDA  2002).  They  are  generally'  recognized  as 
safe  for  human  consumption.  Together  with 
cultivars  of  Brassica  napiia  and  Braaaiea  rapa, 
yielding  similar  oil,  they  are  known  in  Canada 
as  canola .  The  seed  cake  remammg  after  oil 
extraction  contains  about  37%  crude  protein. 
Experiments  with  rats  suggest  that  brown 
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mustard  miKht  be  beneficial  in  attenuating  the 
damage  caused  bj-  oxidative  stress  involved  in 
diabetes  and  its  complications. 

Adulterations  and  substitutes  Mustnrd 
leaves  are  often  erroneously  called  rape 
leaves',  but  rape  (Braaaiea  napus)  is  a  distinct 
vegetable  and  oil  crop.  Brown  mustard  as  leafy 
vegetable  can  easily  be  replaced  by  leaf  cab- 
bages (special  cultivars  of  Braasiea  oteraeea, 
Brasaica  carinala  nnd  Braasica  tiapus),  al- 
tbnuf^h  these  lack  the  typical  taste  of  brown 
mustai'd. 

DeaeriptioB  Ehrect,  annual  to  biennial  heib 

up  to  IGO  cm  tall,  often  unbranclnd  sometimes 
with  long  ascending  branches  in  upjjer  part, 
almost  glabrous  to  scattered  hairy.  sli|,'htly 
glaucous:  taproot  sometimes  enlarged  (root 
mustard).  Leaves  iiltt'rnafe,  pmnately  lobed 
but  upper  ones  often  simple;  stipules  absent; 
all  leaves  with  short  petiole;  blade  ovate  to 

binciHilntc  or  up  to  2  sido  lobes  on  onrh 

side  and  a  large  end  lobe,  up  to  30  cm  x  10  cm, 
margin  irregularly  toothed.  Inflorescence  ini- 
tially an  umbel-like  riicenif  but  soon  stn  n-ly 
elongating,  up  to  60  cm  long.  Flowers  bisi  \ual. 
regular,  4-merous;  pedicel  ascending,  o— 12  mm 


Bmasica  juncea  -  1,  flowering  branch;  2,  flou  - 
eruig  and  fruiting  bratieh;  3,  seed. 
Source:  PROSEA 


long;  sepals  oblong,  mm  long,  green;  petals 
obovate.  6-10  mm  long,  clawed,  bright  yellow: 
stamens  6:  t)van,'  su]:>erior,  cylindrical,  2-celled, 
stigmn  ulobose.  Fruit  a  linear  silique  2  ")-7.5 
cm  X  2-3.5  mm,  often  constricted  between  the 
seeds,  with  a  conical  beak  usually  longer  than 
6  mm,  dehiscent  up  to  20-seeded.  Seeds  glo- 
bose, 1—1.5  mm  m  diameter,  finely  reticulate, 
pale  to  dark  brown. 

Other  botanical  information  Rnissica  jini- 
cen  is  ;i  lii<;hly  v;irinblr  sppcios  which  h.is  been 
cultivated  lor  centuries  as  a  vegetable  and  oil 
plant,  and  is  abo  a  widespread  weed.  Braaaiea 
juncea  cultivars  have  only  slightl>  uhuicous, 
often  daric  green  and  more  or  leas  hairy  leaves, 
distinct  from  the  bluish  grem,  glabrous  leaves 
of  the  other  leaf  brassicas.  In  Africa  it  has  been 
much  txjnfused  with  Brassica  can'natu  but  the 
lower  leaves  of  the  latter  species  are  simple  or 
have  up  to  1  side  lobe  on  eadi  side,  and  its  fruit 
bonk  is  shorter  (usually  <  0  mm). 
Several  authors  have  proposed  cultivar  classi- 
fications for  Braaaiea  juncea.  These  have  little 
relevance  for  Africa,  where  farmers  use  mostly 
local  cultivars.  Only  occasionally  is  seed  im- 
ported from  Western  seed  companies,  e.g.  Flor- 
ida Broad  Leaf. 

Growth  and  development  Seed  germi- 
nates within  6  days  alter  sowing  at  2(J-25*C. 
Under  good  conditions  plants  grow  rapidly  and 
leaves  are  hon  est  able  after  3  weeks  when 
plants  have  develojterl  H-S  fully  expanded 
leaves,  but  han'estmg  will  start  later  when 
larger  leaves  are  demanded  for  sale.  Under 
tropical  African  conditions  flowering  ocrurs 
early  as  low  temperatures  are  not  required  fur 
flower  induction.  Water  stress  or  low  soil  fertil- 
ity promote  early  flowering.  Braaaiea  juncea  is 
self-fertile  but  bees  may  effect  rross- 
pollmation.  Fruits  develop  rapidly  and  the 
seeds  can  be  ready  for  harvesting  within  4 
\v    I:    'V  m  flowering. 

ii^cology  Brown  mustard  is  reported  to  tol- 
erate annual  i>rei  ipitation  of  500-4000  mm 
and  temperatiu-es  ot  i".-:')7'*C  and  is  therefore 
suited  1u  the  troincai  low  lands  as  well  as  rela- 
tively cool  conditions.  It  grows  best  on  fertile, 
well-drained  loamy  soils  with  a  pH  of  6.6-6.8, 
rich  in  orpnnir  matter.  .\t  high  temperatures  it 
will  quickly  flower  and  yields  are  lower,  but 
production  is  still  possible.  For  seed  produc- 
tion, brown  mustard  is  tolerant  of  i  h  i  r^e  eon- 
ditions  including  moisture  stress,  high  or  low 
pH,  salt  and  insect  damage. 

Propagation  and  planting  Brown  mustard 
can  be  sown  directly  or  tranq[>lanted.  Direct 
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sowing  is  mainly  used  when  time  is  a  limitmg 
factor  and  where  there  is  a  market  that  will 
accept  smaller  leaves.  This  system  fre- 
quently used  in  Zanihin  in  wet  fireas  (villed 
dambos'.  The  weight  of  1000  seeds  is  1.7-2  g. 
The  seeds  need  to  be  mixed  with  sand  and 
broadcast  thinly  to  avoid  the  need  for  removing 
too  many  seedlings  later  on.  The  first  harvest 
can  be  in  the  form  of  thinned<out  seedlings, 
rall«-(-ie<l  ,-irit<r  about  36  days  from  sowing. 
Transplant ing  is  mnimon  and  scoHIinps  arc 
raised  in  1  m  wide  nurserj*  beds  with  fertile 
finely-tilled  soil.  Seed  beds  should  be  prepared 
by  loosening  tlv  soil  and  incorporating  up  to  50 
kg  of  weli-iermented  manure  per  10  m-.  Seed  is 
sown  in  drills  26-30  cm  apart  and  seedlings 
are  thinned  to  a  spacing  of  .j-10  cm.  Seedlings 
need  to  be  MtlerjiiateK  watered.  They  are  ready 
for  transplanlmg  after  20—^0  days  when  they 
have  3-4  true  leaves,  and  are  planted  at  a 

sfiaring  of  :'>{)-."()  cm  hetwrrn  rows  and  20—40 
cm  in  the  row,  depending  on  the  size  of  the 
plant  required.  When  grown  as  an  oil  crop, 
seeding  is  at  a  rate  of  4-6  kg/ha.  Plant  density 
may  varj^  as  brown  mustard  has  a  cunsiilei  aide 
capacity  to  compensate  for  an  irregular  plant 
stand. 

Management  The  uptake  of  miner.ils  by 
brown  mustard  is  high  and  manure  application 
to  the  field  at  a  rate  of  30  t/ha  is  recommended. 
Wion  no  manure  is  available,  it  ran  be  re- 
placed by  a  fertilizer  gift  of  about  ,500  kg/lia 
M'K  18-12-12,  depending  on  soil  fertility.  Top 
dressing  of  N-fertilizer  is  practised  a  few  weeks 
after  transplnnting.  For  o  i  d  pniduction  fertil- 
izer apphcatiuns  may  be  lower.  Weeding  is 
required  during  the  early  growth  stages  of  leaf 
mustard  and  ample  watering  is  necessary  to 

promote  rapid  growth  Early  flowering  ran 
occur  durmg  hot  weather  with  high  tempera- 
tures. In  several  parts  of  the  United  States 
Drnssira  jiinca  ts  considered  a  noxious  and 
invasive  weed 

Diseases  and  pests  A  devastating  disease 
of  brown  mustard  during  the  rainy  season  is 
bacterial  soft  rot  (Eruinia  carotovoni).  for 
which  there  is  no  adequate  control.  .Another 
bacterial  problem  is  blade  rot  caused  by  Xaii- 
thoinona.i  mnipi'slris  a  disease  that  is  both 
soilbome  and  seedbome.  Amongst  the  fungal 
diseases,  the  most  important  is  Altemaria 
blade  apot  {Altemana  bnuaieae  and  Allenunia 
brassiricnla).  Turnip  mosaic  virus  (TuM\')  is 
also  noticed  quite  finequently  aa  brown  mus- 
tard. 

The  most  destructive  pest  is  dianumdback 


moth  (Plutello  xyloslelh).  especiallj-  during  the 
dr>'  season.  Other  pests  are  cabbage  web  worm 
(Hellula  widalis)  caterpillars  of  the  mustard 
leaf  webl>er  (Crucidoluiitia  biiiotali.t).  aphids 
and  flea  beetles  {Phyllotreta  spp.)  and  several 
nematodes.  In  cold  weather  brown  mustard  has 
few  pests,  hut  wanner  weather  will  bring  on 
aphids  and  other  msects. 

Field  sanitation,  rotation  with  unrelated  crops 
and  the  use  of  pathogen-free  seeds  considera- 
bly reduce  the  impart  of  pests  an<l  diseases. 
However,  under  conditions  of  subsistence  pro- 
duction little  is  done  to  control  pests  and  dis- 

ejises, 

Harvesting  Harvesting  of  leaves  starts 
about  4  weeks  afker  transplanting.  Leaves  may 
be  cut  once  weekly  diuring  the  vegetative  phase 

until  the  crop  loses  its  tenderness  and  leaves 
become  stiff.  When  the  crop  starts  developing 
inflorescences,  it  becomes  more  economical  to 
replant,  fn  some  cases  young  plants  are  har- 
vested whole  with  theu'  roots  attached,  espe- 
cially when  grown  under  doser  spacing.  In 
Africa  leaves  of  15-30  cm  long  are  preferred  for 
marketing. 

For  seed  production,  plants  should  be  har- 
vested before  fruits  are  fully  ripe  to  reduce 
shattering  of  the  seeds.  Har\esling  is  usually 
dune  early  in  the  mornmg.  Plants  are  tied  into 
bundles  and  dried  in  the  sun  for  4-10  days. 

Yield  The  leaf  yield  of  Brawica  juncea 
ranges  from  8  t/ha,  with  20  t/ha  as  average 
on  better  farms.  In  Zimbabwe,  this  crop  per- 
forms better  during  the  winter,  with  average 
yields  of  20-30  t.lia.  Seed  yiehls  of  brown  mus- 
tard m  India  range  from  bOO-1200  kg/ha  with 
an  oil  content  of  30-38%  and  in  the  United 

States  seed  \  n  Ids  are  about  1100-1500  kg/ba. 

Handling  after  harvest  Fnder  hot  condi- 
tions, leaves  wilt  soon  alter  harvest  and  are 
therefore  sold  as  soon  as  possible.  Where  fadli- 

ties  are  .-n-.-iilihle  if  is  recomniended  that  the 
product  be  cooled  to  near  0°C  immediately  af- 
ter cutting,  and  that  it  be  kept  as  cool  as  possi- 
ble during  transport  and  marketing,  This  can 
bi'  tlone  liy  jdacing  ice  between  the  leaves, 
which  will  also  keep  the  humidity  high.  The 
humidity  can  also  be  kept  high  by  paddng  the 

leaves  in  polythene  bags  or  plastic  film. 
In  Zimbabwe  farmers  di;>'  the  leaves  in  the  sun 
for  use  during  the  ofif-season.  Dried  leaves  of- 
fered as  broken  pieces  and  packed  in  polythene 
bags  are  frequently  encounteiTd  at  markets  in 
Harare  and  elsewhere  in  Zimbabwe.  Extraction 
of  oil  from  the  seed  is  by  rotary  mill,  expeller  or 
hydrauUc  processes.  Mustard  is  made  by  mix- 
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ing  ground  seeds  with  water,  spices  and  vine- 
gar. 

Genetic  resources  Large  germplasm  i  <  <ll<  'c- 
tions  oi  Brussica  jiiiicea  are  maintsiitu'd  ;it  tlu- 
Australian  Temperate  Field  Crops  Collection, 
Horsham  Victoria,  Australia,  the  Institute  of 
(^rr)p  Mcrmplasm  Resources  (C.\.AS),  Beijing. 
Chma,  the  All  India  Coordinated  Research 
Project  on  Rape  &  Mustard,  Haryana  Univer- 
sity, Hisar,  H;irynna,  India  and  the  NT. 
Vavilov  All-Russinn  Sdrntifir  Ri  scnrch  Insti- 
tute of  Plant  Industrj',  St  Petersburg, 
Russian  Federation.  Smaller  working  collec- 
tions are  held  in  many  other  countnes,  A  witrk- 
ing  collection  of  brown  mustard  with  African 
landraces  is  present  at  the  Horticultural  Re- 
search Centre,  Marondera.  Zimbabwe.  The 
di\i'i-sity  found  in  farmers'  fields  in  Afnea  is 
considerable  and  there  is  a  need  to  collect  and 
evaluate  this  material  before  this  potentially 
valunblo  resourrr  disappears  with  the  intro- 
duction of  improved  varieties. 

Breeding  Many  A&ican  farmers  use  their 
own  landraces  of  farm-sa\'ed  seed.  Bi-aasica 
juncva  can  be  reproduced  by  meann  of  self- 
pollinaliun,  allowing  for  a  rapid  purificaliun  uf 
new  selections.  East-West  Seed  Company  in 
Thaibind  has  developed  cultivars  esixcially  for 
tropical  condition!:!,  e.g.  'Mayur'  harvestable 
30-36  days  after  sowing  or  21-25  days  after 
transplanting,  and 'Laguna  with  bolHng  toler- 
nnro  nt  hiijh  temperatures  and  harvest  able  10- 
45  days  after  sowmg.  Suehlihung  No. 2  is  a 
cuhivar  from  Taiwan  that  is  resistant  to  soft 
rut  and  viruses.  It  can  be  yrown  year-round  in 
Taiwan  and  be  harvested  ^0  days  after  trans- 
planting. The  cultivar  "King  Mustard'  produces 
large  and  tender  green-purple  leaves. 

Prospects  There  is  a  pood  potential  for  im- 
provuig  current  landraces  of  this  excellent 
vegetable  which  can  be  grown  in  humid  hot 

lowland  areas  bl\o  ih''  cd.-istal  repions  of  West 
Africa  and  the  cooler  regions  of  southern  Af- 
rica. Many  people  prefer  brown  mustard  and 

'  li     ln>s(  -l(  a\eil  Biassi'ca  types  over  white 

eal'liiiue  and  when  healthv  seed  of  improved 
cullu  ars  becomes  available,  the  demand  for 

this  crop  will  increase.  Prospects  for  Brasaiea 

jiinrra  ns  an  oil  rrop  or  for  mustard  production 
in  tropical  Africa  are  Umited. 
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BRASSICA  NAPUS  L. 

Protologue  Sp  pi.  2:  666  (1753). 
Family  Brassicaceae  (Cruciferae) 
Chrmmosome  number  2n  =  38 
Vernacular  names 

—  Rape  kale  (En).  Colza  potager,  colza  four- 
rager  (Fr). 

—  Swede,  rutabagii  (En).  Rutabaga,  chou-navet 
(Fr).  Xabo  amarelo,  nabo  de  Suecia  (Po). 

—  Oilseed  rape,  colza,  canula  (En).  Culza  (Fr). 
Colza  (Po). 

Origin  and  geographic  distribution  Brajt- 
aiea  napus  is  an  amphidiploid  with  one  ge- 
nome originating  from  Bra««tca  ohraew  L. 
(2/t  =  18)  and  the  other  from  Braasica  rapn  L. 
{'Ill  -  20).  It  is  not  known  in  the  wild  and 
probably  originated  in  the  eastern  Mediterra- 
nean and  West  Asian  region.  It  was  intro- 
duced to  western  Ehirope  where  several  types 
were  developed. 

Rape  kale  is  a  minor  leafy  vegetable  m  western 
Europe  and  a  rather  important  fodder  during 


Braaaiea  napua  -  planted 
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winter.  It  is  of  some  importance  in  southern 
Africa,  where  it  was  introduced  during  colonial 
times.  Swede  (the  thickened  upper  taproot  and 
Inwcr  stem)  is  a  minor  veai'tfiblc  in  wi-stern 
Europe  and  in  North  America,  on  rare  occa- 
sions found  in  southern  Africa.  In  northern 
Mali  and  in  oases  in  the  Sahara  an  ancient 
introduction  of  swede  is  still  grown.  Fodder 
swede  ie  occasionally  grown  in  western  Europe, 
but  not  reconicd  m  tropical  Africa.  ( iiis<'<  (l 
rape  was  nriginally  grown  in  India  for  its  r(]il>l(' 
oil;  later  it  became  important  as  an  mdustrial 
and  lamp  oil  in  E!urope.  Cultivars  with  a  mudi 
improvfd  i|uality  edible  oil  have  been  devel- 
oped firom  Breusica  tiapua,  Braaaica  juncea  (L.) 
Czem.  and  Brwtiiea  rapa  L.  (collectively 
known  as  'canola  ).  and  these  have  become  im- 
portant oil  crops  in  Europe.  North  .America, 
China,  Japan  and  India.  Oilseed  rape  is  also 
grown  in  the  cooler  highlands  of  Kenya  and 

T.'in/nni;!,  ;ind  rrpnrlod  ns  n  minor  oil  crof) 
from  Ethiopia.  Here  and  there,  Braaaica  iiapua 
is  found  as  an  escape  from  cultivation,  but  less 
common  than  Brasaica  rapa. 

Uses  Thi'  use  of  rape  kale  is  similar  to  loaf 
cabbage  cultivars  (Bruaaica  ok'ixicea  L.)  such  as 
'sukuma  wiki'  in  East  Africa  and  Portuguese 

k;)lc  in  southern  .Xfrici:  its  taste  is  somcnvhat 
more  pungent.  It  is  used  as  a  vegetable  dish  or 
prepared  into  sauces  accompanying  the  starchy 
staple  food.  In  rural  areas  in  Zimbabwe,  rape 
krilc  Icives  are  dried  for  long-torm  presentation 
to  provide  vegetables  durmg  the  drj'  season,  in 
Europe  young  seedlings  of  BrasMca  napus  are 
occasionally  eaten  in  salads  and  used  as  gar- 
nish, replacmg  white  mustard  {SUiapia  alba  L.) 
and  garden  cress  (Lepidium  aaUvum  L.).  In  Af- 
rica swede  is  rarely  used  as  a  root  vegetable  and 
only  occnsionnlly  as  a  fodder  crop.  Hilsced  rape 
IS  occasiunally  planted  m  East  Afi'ica  for  its  edi- 
ble oil,  which  is  also  used  for  soap  making.  The 

Serils  riro  used  tu  feci!  liifds. 

Production  and  internatiomd  trade  Rape 
kale  and  swede  are  only  produced  for  the  do- 
mestic market.  No  data  on  pioduction  or  trade 
are  availalile.  Bra.'iaicn  oilset'ds  are  the  third 
most  important  source  of  vegetable  oil  after 
only  soya  bean  and  oil  palm;  specific  in£t>rma- 
lion  on  production  and  trade  of  Bixisnca  nopiM 
oU  is  not  available. 

Properties  The  nutritional  composition  of 
rape  kale  per  100  g  edililf  iioitmn  (midribs 
removed  87%  of  the  product  as  purchased)  is: 
water  88.2  g,  energy  155  kJ  (.37  kcal),  protein 
3.8  g,  fat  0.3  e,  caifaohydrate  4.8  g,  Ca  250  mg. 
Mg  86  mg,  P  81  mg,  Fe  1.7  mg,  carotene  1990 


|ig,  thiamin  0.07  mg,  riboflavin  O.OG  mg,  niacin 
0.8  mg,  ascorbic  acid  55  mg.  Compared  to  most 
other  leafy  vegetables,  the  content  of  micronu- 
trients  is  hij»h  and  the  iron  is  in  an  easily  di- 
gestible form.  As  all  other  members  of  Braa- 
aiea,  rape  kale  contains  high  levels  of  gluoosi- 
nolates.  which  during  the  preparation  form 
compounds  with  antioxidant  and  anticancer 
activities.  The  nutritional  composition  of  swede 
per  100  g  edible  portion  (thinly  peeled,  73%  of 
product  as  purchased)  is:  water  91  g,  energy 
100  krJ  (.21  kcal),  protein  0.7  g,  fat  0.3  g,  carbo- 
hydrate 5.0  g,  dietaiy  fibre  2.4  g,  Ca  26  mg,  Mg 

4  mg.  P  11  111^  F''  1  iiig.  Zn  0  1  ^  carotene 
350  pg,  thiamm  0.15  mg,  riboflavm  trace,  nia- 
cin 1.2  mg,  folate  31  pg,  ascorbic  add  31  mg 
(Holland  B  Unwin,  I.D.  &  Buss,  D.H..  1991). 
The  oil  of  Brassica  napits  is  similar  to  that  of 
other  Braaaica  species  and  is  made  up  of  erucic 
acid  25-65%,  oleic  acid  8-33%,  linoleic  add  12- 
21%,  linolenic  acid  8—14%  cicoscnoic  acid  G— 
12%,  palmitic  acid  2-4%,  stearic  acid  0.8-1.5%, 
aradiidic  add  0.5-1.2%,  palmitoleic  add  0.2- 
0.5%,  nervonic  add  0-2%,  behenic  acid  0-1% 
and  lignoeeric  acid  0-1%  Eicosenoic  acid  and 
erucic  acid  are  long-chain  fatly  acids  that  have 
antinutritional  and  toxic  properties.  Cultivars 
yielding  oil  low  in  eic-osenoic  acid  and  erucic 
acid  have  been  developed.  They  are  generally 
recognized  as  safe  for  human  ocmsumption. 
Together  with  cult  ivars  of  Braaaica  juncea  and 
Bra.tst'ra  rapa,  sielding  similar  oil,  they  are 
known  as  'canola'  in  English  and  zero- 
erudque'  in  Frrach. 

Adulterations  and  substitutes  In  dishes 
rape  kale  can  be  replaced  by  leaf  cabbage 
(BrasBtea  oleraeea),  brown  mustard  (Braaaica 
juneedi  or  Ethiopian  kale  (Braaaica  cariiiata 
,\  Rraun).  Swede  is  veiy  similar  to  turnip  (from 
Brassica  rapa). 

Deacription  Erect,  annual  to  biennial  herb 
up  to  1..")  m  tall,  with  stout  taproot,  sometimes 
partly  swollen  (swede);  stem  branched.  Leaves 
arranged  spirally  but  in  a  rosette  during  the 
vegetative  stage;  stipules  absent;  lower  leaves 
more  or  less  petiolate  pinnately  parted  with  1— 

5  pairs  of  small  lateral  lobes  and  large  termi- 
nal lobe  up  to  90  cm  X  36  cm,  crenate,  toothed, 

sinuate  or  entii-c  'jlahrnus  or  sparsely  hairy, 
glaucous;  stem  leaves  pinnately  parted  to  sim- 
ple, clasping  at  base,  glabrous,  glaucous.  Inflo- 
rescence a  terminal  raceme  up  to  60  cm  long, 
with  buds  overtopping  the  open  flowers.  Flow- 
ers bisexual,  regular,  4-merou8;  pedicel  up  to  3 
cm  l<nig,  ascending;  sepals  6-8  mm  long,  erect 
to  slightly  ^[treading,  yellow-green;  petals 
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Brauiea  tu^ms  -  1,  baaal  stem  leaf;  2,  lifter 
port  of  flowering  and  fruiting  stem;  3,  tuber  of 
swede. 

Redrawn  and  adapted  by  lekak  Syamsudin 

obovato.  1-1. a  mi  lonp  rinwrd  l>nphf  In  duvk 
yellow;  stamens  6;  ovt^ry  superior,  cylmdriciil,  2- 
oelled,  stigma  globose.  Fruit  a  linear  silique  4.5- 
11  cm  X  mm.  with  a  tapering  beak  1-3  cm 
long,  dehuMxmt,  up  to  30-seeded.  Seeds  globose, 
1.6-2.6  mm  in  diameter,  finely  reticulate,  bluish 
blade  to  dark  brown.  Seodling  with  epigeal  ger- 
mination, with  a  taproot  nnd  Intoral  roots:  hv-po- 
ootyl  c.  5  cm  long,  epitxjtyl  2—1  mm  long;  cotyle- 
dons with  petiole  c.  2  cm  long,  blade  onrdate,  1- 
1.5  cm  lonp,  runonto  at  bnso  notchoH  nt  npox 

Other  botanical  information  Brasska 
napua  is  often  difficult  to  distinguish  from 
Brassica  rapo.  It  diflV-rs  in  its  basiil  leaves, 
which  ;ir('  usually  less  hairy  and  bluish  ^reen 
(bright  green  in  Brassica  mpu)  and  in  lis  open 
flowers  not  over-topping  the  buds  at  the  top  of 

the  inflorosccnrr.  The  swodo  tuber  ran  be  dis- 
tinguished £rom  that  of  turnip  (Brassica  mpa) 
by  its  apex  bearing  a  number  of  ridges,  which 
are  scars  ci  leaf-bases.  It  is  composed  of  the 
swollen  upper  part  of  the  taproot  (hypocotyl) 
and  lower  part  of  the  stem,  whereas  the  tuber 
of  turnip  is  composed  of  the  swollen  upper  part 
of  the  taproot  ^lypoootyl)  only. 


Broiiica  napus  has  been  divided  into  3  varie- 
ties: var.  napus  comprising  the  oil-seed  crops, 
var.  pabuUaia  (Dt'  )  K'chb.  ctunprising  rape 
kale  and  var.  iia/xjhmssica  (L.)  Rchli  compris- 
mg  swede.  The  plants  cultivated  m  the  Sahara, 
which  have  been  distinguished  as  var.  «a- 
hariensis  Chev..  belong  to  the  latter  variety, 
although  it  has  also  been  suggested  that  they 
belong  to  Braaaiea  rapa.  A  classincation  into 
cult  ivar-groups  would  be  more  approj)nalc 

Growth  and  development  The  seeds  t  ake 
3-0  days  to  emerge  at  20-25°C.  First  a  rosette 
of  leaves  develops,  in  swede  cultivars  followed 
by  thickening  of  the  lower  part  of  the  stem  and 
upper  part  of  the  root.  Brassica  napus  is  gen- 
erally self-fertile,  although  insects  improve 

Ecology  Rape  kale  is  a  temperate  climate 
vegetable  and  grows  best  under  cool  conditions. 
In  southern  Africa  it  grows  best  in  the  high- 
lands and  during  the  cool  sea.son  with  night 
temperatures  of  about  lO^C  and  day  tempera- 
tures of  15-20*C.  It  needs  well-drained,  fertile, 
neutral  to  slightly  alkaline  soils  (pH  6.2-7.7) 
with  a  high  organic  maftiT  content.  Most 
swede  cultivars  are  also  adapted  to  temperate 
climates.  The  ecological  requirements  of  the 
cultivars  grown  in  the  Sahara  arc  not  known. 
Tliose  of  oil-seed  crops  are  similar  to  rape  kale. 

Propagatton  and  planting  Rape  kale  is 
grown  exclusively  by  seed.  The  seedlings  are 
raised  in  seedling  tray>  nr  in  a  seedbed.  The 
1000-seed  weight  is  about  o  g.  If  raised  m  a 
seedbed,  about  500  g  of  seed  is  enough  for  1  ha. 
The  seedbfd  sh()ul<l  hv  \\<A\  drained  and  have  a 
line  tilth,  and  should  not  have  been  planted 
with  a  Brassica  crop  for  at  least  three  years. 
The  seed  should  be  buried  no  more  than  5  mm 
below  the  ground  and  is  drilled  in  rows  lO-l.'i 
cm  apart.  A  basal  dressing,  e.g.  with  Xl'K  fer- 
tilizer 6-18-20  at  a  rate  of  100  g/m<  helps  to 
hasten  seedling  development.  T'nder  ojitimum 
conditions  seedlings  are  ready  for  transplant- 
ing in  4  weeks.  When  seedling  trays  are  used, 
care  should  be  taken  to  ensure  that  the  seed- 
lings receive  adequate  nutrition,  especially 
phosphorus,  to  avoid  retarded  growth.  In  the 
field,  plants  are  spaced  at  76-100  cm  between 
rows  nnd  \^-(M)  cm  within  the  row. 
For  oil  production  rape  is  always  direct  seeded 
at  a  seed  rate  of  5-0  kg/ha,  aiming  at  a  densiiy 
of  160,000  plants/ha. 

Management  Weed  control  is  ver>'  impor- 
tant during  early  establishment.  Two  rounds  of 
weeding  are  usually  required,  If  rainfidl  is  in- 
sufficient, the  crop  should  be  irrigated  regu- 
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larly.  Since  the  leaves  are  continuously  har- 
vested, the  uptake  of  minerals  is  high,  and 
inorganic  fertilizers  should  be  applied,  e.g. 
70n-8nn  kg/ha  NPK  r,-18-in  hef..rf'  planting. 
Side  di'essing  of  X  helps  to  keep  the  crop  in  the 
vegetative  state  aUowing  more  leaves  to  de- 
velop. A  gift  1)1"  100  kg/ha  urea,  applied  after  a 
harvest,  assures  hitih  \  lelds. 
Per  an  oilseed  rape  rvp  yielding  2  t  seed,  ap- 
piicalion  of  N  40-50  k-  li.i  \''  and 
K  25-30  kg/lia  before  jilanting  ami  a  topdress- 
ing  of  N  '10-50  kg/ha  is  generally  recom- 
mended. Seed  set  and  consequently  yields  are 
often  improved  by  placing  beehives  near  flow- 
ering rape  seed  fields. 

Dtaeasea  and  pests  Seedlings  are  very  sus- 
ceptible to  damping  off  caused  by  Rhizoctonia 
and  Fusaiiiiiii.  A  protectant  fungicide  may  be 
applied  as  a  seed-dressing  ur  as  a  drench. 
Blade  rot  (Xanthomoncu  eantpestris)  and  soft 
mt  (Eriiiitin  rarolnvnra)  are  important  dis- 
eases, FusarUim  yellows  sometimes  cause 
problems.  At  the  seedling  stage,  cut  worms 
(Agrotia  spp.)  are  a  major  pest.  As  the  crop 
develops  further,  aphids  may  Iteeome  a  major 
problem  and  so  is  diamundback  mulh  (I'luteUa 
3^lo»ieUa),  web  worm  iH«Uula  wtdalis)  and 

ba<:r.iilri  \iu<s  iPxiiirfulit  Jiilaris). 

Harvesting  Harvestmg  starts  4  weeks  after 
planting  under  favourable  conditions  and  can 
la  si  r  I  ;}  months.  Leaves  are  harvested  when 
they  have  attained  a  size  that  is  acceptable  at 
the  market,  Swede  can  be  harvested  usually  90 
days  after  sowing;  oilseed  rape  after  75-100 
days. 

Yields  Yields  of  rape  kale  of  25-50  t/ha 
(fresh  weight)  can  be  expected.  In  Zimbabwe 

yields  of  up  to  75  t/ha  have  been  achieved. 
Yields  of  swede  in  Europe  may  attain  .10-80 
t/ha.  World  average  seed  yield  of  oilseed  rape  is 
1400  kg/ha.  Smallholders  in  India  or  China 
harvest  only  500-800  kg/h.'i  Inrt:!'  farms  in 
Canada  or  Australia  900-1600  kg/ha,  whereas 
yields  in  Europe  are  2000-4000  kg/ha. 

Handling  after  harvest  Leaves  are  har- 
vested iniii\iduall>  and  then  tied  together  into 
bundles  that  vaiy  in  size  depending  on  whether 
they  are  coming  from  the  form  or  firom  the 

wholesale  market.  Tlan-estinp  usually  takes 
place  just  before  dusk  or  at  dawn  and  the  har- 
vested leaves  are  taken  to  the  market  straight 
away.  As  the  leaves  are  ven,'  perishable,  traders 
regidarly  sprinkle  them  with  cold  water  to  keep 
them  fresla.  Most  oilseed  rape  is  processed  in 
large  fiactoties,  where  the  oil  is  extracted  by 
screw  press  or  by  solvent  and  then  refined 


Colza  oil  is  light-coloured  and  bland-tasting. 

Genetic  resources  Germplasm  collections 
of  Brassiea  it  opus  are  maintained  in  several 
Eui  "|)(>an  geiiebanks, 

Breeding  Western  seed  companies  have 
made  little  effort  to  genetically  improve  rape 
kale  or  sw  i'de,  .Japanese  seed  companies  have 
created  new  amphidiploid  Brauiea  iiapua 
types  by  crossing  Brassiea  oleraeea  and  Braa- 
nea  rapa.  By  crossings  of  lieai  tolerant  culli- 
vars  of  white  headed  caliliage  and  Chinese  cab- 
bage, new  types  of  headuig  Brassiea  napua  for 
the  tropics  might  be  developed,  combining  the 
strength  of  white  headed  cabbage  with  the 
finer  taste  of  Chmese  cabbage,  and  disease 
resistances  of  both  parental  species.  In  south- 
em  Africa  farmers  use  farm-saved  seed  of  rape 
kale  from  introductions  that  were  made  ;i  loni; 
time  ago.  Selections  from  these  local  cultivars 
are  now  being  made  by  East-West  Seed  Com- 

p.iny  in  Zimbabwcv  In  oilseed  rape  open- 
pollinated  cultivars  are  now  being  replaced  by 
higher  yielding  Fi  hybrids. 

Prospects  Rape  kale  has  an  e.\cellent  nutri- 
tional composition  and  taste  but  due  to  the 
high  perishability  m  comparison  with  leaf  cab- 
bage, and  also  to  its  low  adaptability  to  tropical 
conditions,  it  will  remain  uf  minor  imi>ortance 
as  a  leafy  vegetable  m  tropical  Africa,  unless 
systematic  efforts  are  made  to  breed  cultivars 
more  adapted  to  tropical  conditions.  Swede  is 
also  likely  tn  remain  of  local  importance  only.  If 
adapted  cultivars  are  developed  oilseed  rape 
may  become  a  more  important  oil-seed  crop  for 
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BBASSICA  OLERACI^V  L.  (leaf  cabbage) 

Protologue  Sp.  pL  2:  667  (1753). 
Family  Rrassicaceae  (Cruciferae) 
Chromosome  number  2n  =  18 
Vernacular  names  Leaf  cabbage,  kale,  col- 
lard,  Trondiuda  cabbage  (En).  Chou  vert,  chou 


BRASSICA  131 


vert  nnn  pomnir'  rhou  rnvniicr,  chou  a  grosses 
cotes  (Fr).  Couve  galega,  couve  tronchuda  (Po). 
Sukuma  wiki  (Sw). 

Origin  and  geoisnraphic  distribution  Bras- 
sica  oleiucea  was  domesticated  about  5UUU 
years  ago  and  is  now  cultivated  throughout  the 
world,  althrHit,'h  in  ihf  tropics  it  is  mostly  re- 
stricted to  higher  elevations.  Leaf  cabbage 
comprises  diverse  cultigens  developed  from 
wild  Brcusiea  oteraeea,  whn  h  lius  a  northera 
Moditfrranonn  and  wostrm  Huropoan  oripin. 
It  is  probabij'  the  first  cabbage  crop  cultivated. 
Types  with  tall  plants  grown  for  repeated  leaf 
pickings  are  popular  everywhere  in  East  and 
southern  Alrica,  but  less  common  in  Central 
Africa  and  rare  in  West  Africa.  Leaf  cabbage  is 
the  most  important  leafy  vegetable  in  the  high- 
lands of  Kenya  and  surrounding  countries  and 
is  known  as  sukuma  wiki'.  In  Zimbabwe  the 
most  important  types  are  called  'rugare',  'vis- 

rosf  .'ind  '1  ronrhiidn'.  There  are  numerous  rul- 
tivars  and  clones  of  leaf  cabbage.  Apart  from 
the  widely  distributed  Portuguese  kale  and 
marrow-stem  kale.  Western  leaf  cabbage  types 
such  as  curK  kale  uv  borecole  are  rarely  found 
m  tropical  Africa,  and  this  is  also  the  case  for 
Chinese  kale. 

Uses  T.eaf  cahbafje  is  <irown  for  (lie  c-<insump- 
tiun  of  the  fresh  leaves,  mostly  after  removal  of 
the  thidc  midribs  and  petioles.  The  leaves  are 
used  as  n  vegetable  dish  or  prepared  into  sauces. 
Yoimc  shoots  and  tips  with  younp  inflorescences 
ai-e  occasionally  used  for  these  purposes.  Tradi- 
tional preparation  involves  boiUng  of  shredded 
leaves  in  water  In  wliich  salt  and  other  inijredi- 
enl<  -^uch  as  onions,  tomatoes,  garlic,  hot  pep- 
peanuts  or  sesame  are  added  In  Zim- 
babwc>  people  oocasAonally  diy  leaf  cabbage 
leaves  for  long-term  ronsim'ation. 
In  Portugal  the  leaves  are  used  for  the  prepa- 
ration of  a  traditional  dish  'caldo  verde',  a  thick 
dark  grren  souji  This  dish  is  also  known  in 
Angola  and  Alozambique.  Processmg  by  can- 
ning and  freezing  are  practised  in  Western 
III  .\larrow-stem  kale  and  special  leaf 
cubbiige  cultivars  are  usinl  ;is  fodder  crops.  The 
medicinal  properties  of  cabbage  crops  are 
highly  esteemed  in  Western  countries,  but  as 

f;ir  known  not  in  .\fricn.  The  loaves  are  often 
consumed  because  they  are  believed  to  be  anti- 
carcinogenic,  and  they  are  used  to  treat  gout 
and  rheumatism,  whereas  the  seeds  are  con- 
sidered diuretic,  laxative,  stomachic  and 
anthelmintic. 

Produotfon.  and  international  trade  Leaf 
cabbage  is  among  the  most  important  leafy 


vegetables  in  East  and  southern  Africa,  grown 
year-round  for  the  domestic  market.  The  total 
area  planted  may  amount  to  over  100,000  ha, 
liut  no  prec'ise  data  are  known,  A  consei-vative 
estimation  for  the  area  planted  with  leaf  cab- 
bage in  Zimbabwe  is  2500  ha  for  commercial 
crops  and  2500  ha  for  subsistence  crops,  as 
most  rural  households  grow  leaf  cabbage  for 
family  use. 

Properties  Variation  in  nutritive  comjiosi- 
tion  betwoon  the  various  typos  of  leaf  ealjbago 
is  considerable  and  the  nutritional  composition 
given  here  is  only  indicative.  Raw  leav^  cm- 
tain  per  100  g  edible  portion:  water  84. Ti  g,  en- 
ergy 209  kJ  (50  kcal),  protein  3.3  g,  fat  0.7  g, 
caibohydrate  10.0  g,  total  dietar>'  fibre  2.0  g, 
Ca  135  mg,  P  56  mg,  Fe  17  mg  Mg  34  mg.  Zn 
0.44  mg.  vitamin  A  1.")  :j7';  IL',  thiamin  0.11 
mg,  riboflavin  0.13  mg,  niacin  1.0  mg,  folate  29 
|ig,  asooibic  acid  120  mg  (USDA,  2003).  Com- 
pared to  most  other  leafy  \cgel  aides  thf'  cnn- 
tent  of  microuutnents  is  remarkably  high  and 
the  iron  is  in  an  easily  digestible  form.  As  all 
other  members  of  Braxsica.  leaf  cabbage  con- 
tains high  levels  of  t;lucosinolates  which  dur- 
ing preparation  form  compounds  with  antioxi- 
dant and  anticancer  activities.  In  experiments 

some  of  these  compountls  inhibited  cancer 
growth,  some  blocked  cancer-causmg  com- 
pounds and  others  prevented  the  formation  of 
carcinogens.  The  major  glucosinolates  in  Por- 
tuguese kale  are  smigrin  f2-proponyl-gluco- 
sinolate),  glucoiberm  (3-methylsulphinyl-pro- 
pyl-ghicosinolate)  and  gluoobrassicin  (indol-3- 
yl-glucosinnlnte! 

Adulterations  and  substitutions  Leaf 
cabbage  in  dishes  may  be  replaced  by  leaves  of 
some  other  Brassica  species,  e.g.  brown  mus- 
tard (Pjidssica  jiijirra  (],.)  Czem.)  rape  kale 
{Brassica  napus  L.)  and  Ethiopian  kale  (Bms- 
$iea  cariiiata  A.Braun). 

Description  Erect,  glabrous  annual  to  per- 
ennial herb  up  to  3  m  tail;  stem  often  wood}'  at 
base,  sometimes  thickened  with  ascending 
brandies;  root  system  strongly  branched. 
Leaves  alternate,  fleshy  more  or  less  coated 
with  a  layer  of  wax,  with  whitish  vems;  stip- 
ules absent;  lower  leaves  petiolate,  pinnately 
parted  with  1-5  pairs  of  small  lateral  lobes  and 
large  terminal  lobe  up  to  50  cm  x  30  cm,  cor- 
date at  base,  rounded  at  apex,  entire  to  undu- 
late  crispy  or  toothed:  stein  Leaves  oblong  or 
obovate  to  almost  linear,  clasping  or  auricvdate 
at  base.  Inflorescence  a  terminal  paniculate 
raceme  up  to  100  cm  long.  Flowers  bisexual, 
regular,  4-merou8;  pedicel  up  to  2  cm  kmg,  as- 
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Brasaica  uleracea  (leaf  cabbage)  -  1,  leafy  alioot; 
2,  flowering  and  fruiiing  branch;  3,  flower. 
Drawn  from  life  plant  by  R.H.M,J.  Lemmens 

cending;  sepals  oblong,  c.  1  on  long,  erect;  pet- 

nls  obovnio,  1.5-2.0  cm  long,  clawod,  pale  to 
bright  yollfiw  or  whitish:  stnmons  G;  ovarj'  su- 
perior, cj-lindncal,  2-celled,  stigma  globose. 
Fruit  a  linear  sili<iue  5—10  cm  x  c.  5  mm,  with  a 
tapering  b(>ak  H-i,"  mm  long,  dehiscent,  up  to 
30-8eeded.  Seeds  globose,  1.5—2  mm  in  diame- 
ter, finely  reticulate,  dark  brown.  Seedling 
with  epigeal  germination,  with  a  taproot  and 
Intprnl  roots:  hyporotyl  'A-n  rm  Innp  rpirotyl 
absent;  cotyledons  with  petiole  1-2  cm  long, 
blade  cordate,  1—1.5  cm  long,  cuneate  at  base, 

nntrhcil  :it  npc\. 

Other  botanical  informatiou  Leaf  cab- 
bage is  among  the  cultivated  Braasiea  oleraeea 
typea  most  closely  related  to  wild  c^ibbnge.  It 
comprises  many  dilTcn  nt  types,  which  have 
been  classified  in  convar.  uccphalu  (DC.)  Alef. 
(var.  metbtUoaa  Thell.  Ifor  marrow-stem  kale, 
var.  paliui folia  DO.  fnr  palmtroo  kalo  var.  sa- 
bellica  L.  for  curlj'  kalo  and  var.  viridis  L,  for 
oollard),  convar.  boUytis  (L.)  Alef.  (var.  a/- 
bogiabra  (L.H.Bailey)  Musil  for  Chinese  kale), 
convar.  rosfala  (DC)  (lladis  (I'oitupuose  kalo) 
and  convar.  finlicosa  (Metzg.)  Alef.  (var. 
ramoaa  DC.  for  thousand-headed  kale).  These 
types  can  best  be  considered  as  cuhivar-gnmps 


and  as  such  have  been  called  Marrowstom  Kale 
Group,  Palmtree  Kale  Group  Curly  Kale 
Group,  Collard  Group,  Chim  se  Kale  Group, 
Portuguese  Kale  Group  and  Thousand-headed 
Kale  Group,  respectively. 
A  practical  classificati<xi  used  in  Zimbabwe 
(with  typ<  <  lisleil  in  order  of  decreasing  impor- 
tance for  the  domestic  market)  is: 
Rugare:  vegetatively  propagated,  rarely  by 
seed  (flowers  only  at  high  altitudes  and  after 
some  dopreo  of  vernalization);  plants  2-'A  ra 
tall,  for  repeated  leaf  piclongs,  white  flowering; 
many  small  shoots  developing  at  the  base  and 
lower  inteniodes  (hence  also  called  thousand- 
headed  cabbage);  long  li£e  and  harvest  season; 
pale  blue-green  and  somewhat  curly  leaves,  but 
clones  available  with  different  leaf  colour. 
Viscose:  a  selection  from  rugare"  that  htis 
gained  popularity  for  commercial  production 
with  repeated  leaf  pidcings  because  of  its  im- 
proved hardiness  in  the  riold;  vegetatively 
propagated,  rarely  by  seed  (segregates  into 
different  types);  leaves  danker  green  and  more 
pronouncedly  curled  than  'rugare',  some  clones 
in  between  rugare'  and  A'iseose'. 
Chuu  moellier:  propagated  by  seed;  marrow- 
Stem  type,  plants  comparatively  short  with 
short  intemodcs  and  vvty  thick  stems,  with 
large,  dark  green,  somewhat  curly  leaves,  for 
repeated  leaf  pickings  or  once-over  harvest; 
rarely  flowering  in  Zimbabwe;  seed  imported 
from  Western  countries. 

Covo  or  couve  galega:  propagated  by  seed;  simi- 
lar to  Portuguese  kale,  tall  plants  with  long 
internodes,  for  repeated  leaf  pickings,  white 
flowering,  shorter  than  rugare'  and  harvest 
season  also  shorter;  leaves  blue-green;  mostly 

grown  from  se<'d  imported  from  Europe,  hut 
sometimes  from  local  seed  production:  local 
cultivars  heterogeneous,  sometimes  close  to 
'rugare'  and  'viscose',  readily  bolting,  plants 

from  iinfifirted  seed  reluctant  to  bolt. 
Couve  tronchuda:  propagated  by  seed;  plant 
habit  half-heading,  compact,  for  single  once- 
over h  ir\esi:   seed  imported  from  Europe; 

popular  in  Mozambique 

Sukuma  wiki:  mostly  propagated  by  seed, 
sometimes  vegetatively;  plant  habit  close  to 
rugare":  for  repeated  leaf  pickings,  yellow  flow- 
ering; rare  in  Zimbabwe,  but  the  most  common 
type  in  East  African  countries;  heterogeneous, 
often  from  local  seed. 

Growth  and  development  Leaf  cabbage  is 
grown  from  seed  or  stem  cuttings.  Young 
plants  grown  from  seed  develop  a  strong  tap- 
root vriGi  lateral  toote,  whereas  rooting  shoots 
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develop  several  strong  lateral  roots.  DcpendinK 
on  the  desired  leaf  tenderness  and  size,  the 
first  leaves  can  be  picked  in  4-6  weeks  fix>m 
piniuing  Rf'mov;il  of  nldfi-  lojives  promotes 
dev  elopment  of  new  ones  and  therefore  a  high 
leaf  shield  Leaf  production  stops  when  plants 
start  to  flower,  or  when  the  crop  becomes  too 
old  and  the  stem  rots.  Flou  ermg  is  controlled 
by  temperature.  Local  seed-propagated  culti' 
vars  bolt  easily  when  gWWn  above  500  m  alti- 
tude. \'egef ntivcly  prop.nentcd  types  (]o  not 
flower  easily  and  grow  mdeterminatcly  if  tlow- 
ering  is  not  induced  by  growing  them  at  high 
altitudes  or  by  artificial  vernalization.  Euro- 
pean cultivars  from  imported  seed  usually  do 
not  flower  at  low  altitudes;  they  require  ver- 
nalization with  some  weeks  below  10*C.  Regu- 
lar leaf  pickinjis  and  hi^h  nitrogen  fertilizing 
retard  bolting.  Flowers  are  msect-poUinated, 
mainly  by  bees.  The  fruit  readies  its  maximum 

lenpth  :V  I  weeks  after  anthesis.  For  a  seed 
crop,  continuous  leaf  harvesting  is  discouraged 
to  ensure  that  healthy,  viable  seed  is  produced. 
Leaf  cabbage  flowers  du  rin  g  1-2  niun  1 1 1  -  1 1 1  n 
the  plants  senesce  and  die.  .Seed  rrojjs  sluaiid 
be  well  isolated  (1000  m)  from  other  flowering 
BroMiea  oleraeea  plants  because  of  the  strong 

nut  crossing  c'har;iet<>r. 

Ecology  Leaf  cabbage  grows  best  under  full 
sunlight.  The  optimum  temperature  for  growth 
is  1.")-2n°('  but  there  are  great  differences  in 
cold  or  hciit  tolerance  between  cultivnrs  [.cnf 
cabbage  tolerates  low  temperatures,  European 
types  even  tolerate  fix>st.  A  regular  supply  of 
water  is  essential  for  sjooi!  u'n  wlh.  either  V)y 
rain  or  irrigation  (about  5  mm  per  day).  Soils 
should  be  well  drained  and  fertile,  having  good 
moisture  retaining  capacity,  high  organic  mat- 
ter content  and  jifl  (J.O.  On  acid  soils  leaf 
cabbage  is  often  heavily  affected  by  club  root. 

Propagatioa  and  planting  Ilia  lOOO-aeed 
weight  of  leaf  cabbage  is  2-1  g.  Dry  seed  {(\% 
water)  remains  viable  for  at  least  4  years  when 
stored  below  20"C.  Freshly  harvested  seed  may 
show  poor  germination,  which  is  overcome  by 
soaking  in  wafer  overnight.  After  storage  for  3- 
4  months  dormancy  disappears.  Seeds  germi- 
nate within  3-6  days  at  16-20*'C.  Chilling  the 
seed  for  3  days  ]>rior  to  planting  mny  speed  up 
germination.  A  fme  tilth  is  essential  for  good 
germination  and  emergence.  Direct  seeding 
and  transplanting  are  feasible  options  but  the 
former  requires  more  seed.  Seeds  are  usually 
sown  on  a  seedbed.  Young  seedlings  may  i-e- 
quire  Ught  shading.  About  300-500  g  seed  and 
200  m^  of  seedbed  are  required  to  plant  1  ha. 


Seedlings  arc  ready  for  transplanting  4-6 
weeks  after  sowing. 

Vegetative  propagation  is  much  applied,  espe- 
cially for  African  types  that  produce  few  or  no 
seed.  Shoots  are  usually  planted  directly,  but  it 
is  also  possible  to  plant  them  first  in  a  nursery 
bed  for  rooting.  The  disadvantage  of  vegetative 
propagation  is  an  uneven  stand  caused  by 
planting  material  being  of  variable  size,  and 
high  plant  losses  due  to  rotting  and  wilting 
diseases.  Plant  spacings  of  20-;^()  cni  between 
plants  in  the  row  and  50-80  cm  between  rows 
is  used,  depending  on  the  size  of  the  cultivar. 

Management  Crop  managemt'nt  is  similar 
to  that  for  headed  cabbage.  Rotation  with  crops 
otfaor  than  Brasaieaeeae  is  recommended.  "Hie 
uptake  of  mmerals  is  extremely  high.  Soil 
preparation  includes  deep  ploui^hing  with  in- 
corporation of  up  to  30  t/ha  organic  manure. 
Before  planting  fertilizer  is  applied,  e.g.  NPK 

l.'-l.'^— 1.5  at  a  rate  of  ."f)f)  kg^'h.T  followed  by  a 
top  dressing  of  N  fertilizer  for  good  vegetative 
growth.  Planting  on  ridges  during  the  wet  sea- 

II  1 1  I  I  \  e  drainage  is  recommended.  The 
Clop  sill  III  I  In  kept  free  of  weeds,  especially  in 
the  first  inonlh  after  transplanting. 

Diseases  and  pests  Diseases  and  pests  of 

le;if  cabbage^  are  essenti.illy  the  same  as  for  the 
better  studied  headed  cabbage,  but  in  general 
leaf  cabbage  is  more  resistant.  Grey  leaf  mould 
CAltemaria  bra^^sicac)  and  downy  mildew  {Per- 
ntinspnrn  parasitica)  can  be  controlled  by  fungi- 
cides: bacterial  soft  rot  (Eruinia  caroloiora) 
occurs  under  hot  and  humid  conditions;  black 
mt  (XaiitJioinoiias  caiii/x'alris  ]iv  r(tiiipt:ttris)  is 
uontroiied  by  disease-free  seeds  and  avoidance 
of  overhead  irrigation.  Club  root  (Plasmodio- 
phora  hr(i.s.si(<u')  has  been  spreading  fast  dur- 
ing the  l.isi  decides  and  has  Viecome  the  most 
detrimental  disease  in  many  highland  areas. 
Tolerance  to  it  differs  between  clones  and  cul- 
tivars.  Club  root  is  controlled  by  crop  ?-ntntion 
liming  and  cultivation  on  soils  with  pH  >  6.5. 
Other  diseases  are  ringspot  (Mycosphaerella 
bnaaieicola),  cabbage  \r|]..ws  (Fuaarium  ox- 
ysporiiiii)  to  be  controlled  by  crop  rotation,  and 
turnip  mosaic  virus,  which  can  be  prevented  by 
control  of  the  aphid  vectors.  Bladdeg  (Lep- 
Insphaeria  tnariilatis)  can  be  controlled  by 
chemicals  or  planting  resistant  cultivars.  In 
Portuguese  kale  resistance  was  found  against 
Barawa^tora parasiiicii.  XaitihoiiKiini.'i  catnpta- 
Iris  pv.  cnntpi'stris  Plasntodiophora  braasieae 
and  Leptosphaeiia  maculans. 
Important  pests  include  diamondback  moth 
(Piutella  xyloatella),  for  which  diemical  control 
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is  increasingly  ineffective  because  of  the  quick 
build-up  of  resistance  to  nil  except  neem-based 
insecticides.  In  headed  cabbage  good  irsults 
were  oblMineil  with  l)i(>l<it;u-;il  ciiiitrol  by  sex 
pheromones  and  parasitoids,  and  this  is  proba- 
bly efifective  also  in  leaf  cabbage.  Other  insect 
pests  are  Icjif  wcbber  (Cracidohunia  hinolalis) 
and  web  worm  {Hellula  uiidaiis)  particularly  in 
southern  Africa.  Occasional  pests  are  cut  worm 
(Spodoplera  liltoraUa),  (\on  beetle  {PhyUolrcUi 
spp.).  enbbnce  biittcrfly  {Pirn's  spp.)  and  cab- 
bage aphid  {Brei  icoryite  brassicae). 

Harvesting  Leaves  are  harvested  when 
needed  at  any  stage,  depending  on  consumer 
preference  and  intended  use.  Leaf  harvestmg 
continues  until  flowering  when  leaf  productiv- 
ity i,'()i>s  down. 

Yield  Data  on  yii-ld  are  searee.  Average 
yields  are  around  20  l/ha  from  a  once-over  har- 
vest. An  estimated  total  yield  of  up  to  60  t/ha 
from  about  If)  repented  leaf  pirkinKs  in  f' 
months  can  be  obtained.  A  seed  crop  may  yield 
1—2 1  seed  per  ha. 

Handling  after  harvest  L<  ;il  <  .il>bage  is 
more  perishatde  than  headed  cabbage  because 
the  leaves  are  open  and  have  a  large  surface  to 
volume  ratio.  However,  the  leaves  are  less  per^ 
ishable  than  (husc  kT  HthiDiiinn  kale  (BrOMtca 
caruiala),  brown  mustard  (Braaaica  juaeeci^ 
and  rape  kale  (Braaaica  napua)  because  of  their 
more  waxy  surfnce. 

Leaves  to  he  sold  on  (he  market  should  be  har- 
vested in  the  evening  or  early  mornmg  and 
immediately  taken  to  the  market.  In  Zim- 
babwe, traders  sjirinkle  cold  water  onto  the 
leaves  or  suspend  the  stalks  in  water  to  mam- 
tain  freshness.  The  sweetness  of  leaves  that 
have  been  harvested  in  warm  weather  can  be 
improved  by  keeping  them  in  a  refriperntor  for 
a  couple  of  days  before  cooking.  Locally,  the 
fresh  leaves  are  sun-dried  for  long-term  stor^ 
ape. 

Genetic  resources  Collections  of  leaf  cab- 
bage are  held  in  European  countries,  notably  in 
Portugal  (Banco  Portugues  de  (Jermoplasma 
Vegetal  (OPOV),  S.  Pedro  de  Merelim  Rraga) 
and  the  Netherlands  (Centre  for  Uenelic  Re- 
sources, Waganingen),  and  in  the  United 
St.ntos  (Xorthensf  Regional  Plant  Introduction 
Station,  PGRU,  USDA-ARii,  Cornell  Univer- 
sity, Geneva  NY)  and  Russia  (N,I.  Vavilov  All- 
Kussian  .Scientifir  lu'soarrb  li.-riiiui>  of  Plant 
Industiy.  St  Petersburg).  Li  jil  r;ibbage  is  a 
main  source  of  genes  for  conferring  resistance 
to  environmental  stress  to  other  Brasaica  ol' 
eraeea  types.  Traditicnal  leaf  cabbage  clones 


and  cultivars  have  developed  desirable  charac- 
ters including  tolerance  to  diseases,  pests  and 
environmental  stress.  Collection  and  cons.  i  \ 
tion  of  this  gi>nn|ilasm  is  urgently  needed,  be- 
cause the  e.\pected  increasing  popularity  of 
improved  cultivars  will  cause  genetic  erosion. 

Breeding  Several  international  seed  com- 
panies have  created  improved  cultivars  of  the 
European  leaf  cabbage  types  including  Portu- 
guese^ kale,  which  are  sold  in  seed  shops  eve- 
rywhcn-  in  East  and  southern  Afrirn.  Commer- 
cial seed  from  a  local  cultivar  of  sukuma  wiki' 
is  available  in  seed  shops  in  Kenya.  However, 
bleeding  efforts  on  local  li  ar  cabbage  types  in 
Africa  are  almost  absent.  Imported  cultivars 
can  be  outstanding  in  yield  and  uniformity,  but 
they  lack  resistance  to  pests  and  diseases  as 
found  in  the  local  cultivars.  are  less  suited  to 
the  consumer  taste  and  are  not  suitable  for 
cultivation  at  lower  altitudes.  In  Zimbabwe, 
East  West  Seed  Company  recently  started 
breedmg  work  on  local  cultivars.  It  was  ob- 
served that  seed-propagated  crops  from  plants 
that  are  normally  vegetal i\ely  propagated 
show  earlier  flowering  in  the  following  genera- 
tion, implying  a  less  desirable  selection  for 
early  bolting.  They  also  showed  a  wide  varia- 
tion  showing  the  highly  heterogenic  nature  of 

leaf  cal.ibage. 

Prospects  Leaf  cabbage  is  an  extremely 
important  leaf  v^etable  in  East  and  southern 

.Africa  in  many  regions  at  least  as  important 
as  headed  cabbage.  The  high  yield  capacity, 
popularity  among  consumers  and  excellent 
nutritional  pnipcrtics  all  indicate  the  m  ^d  Wn- 
more  breeding  and  research  work  on  cultural 
practices  including  integrated  control  of  pests 
and  dis<'ases.  There  is  especi.-dly  ,i  ^rcit  n<  <<d 
for  healthy  seed  of  improved  and  adapted  cul- 
tivars. 
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Brassica  oleracea  L.  (headed  cabbage) 

Protologue  Sp.  pi.  2:  667  (1753). 

Family  I^rnssicjioeae  (Cruoil'erae) 

Chromosome  number  2ii  =  18 

Vemaeular  names  Headed  cabbage,  cab- 
bage (En).  Chou  pommr.  rliou  ciilnis  (Ft). 
Couve  repolho  (Po).  Kabichi,  kabichu  (Sw). 

Origin  and  geographic  distribution  Headed 
cabbage  evolvcnl  in  norlh-wc'stcrn  Rurope  dur- 
ing the  pnrly  Midillr  .\<;<>s  froin  Irnfy  un- 
branched  and  thin-stemmed  kales,  which  were 
introduced  in  Roman  times  from  the  Mediter- 
ranean area,  where  Bnissica  oh'iricea  and  re- 
lated species  occur  naturally  m  coastal  areas. 
Wild  types  of  Braasiea  oleracea  growing  along 
the  coasts  of  western  Europe  may  have  con- 
tributed to  the  development.  Whereas  the 
primitive  types  were  urigmally  cultivated  lor 
medicinal  purposes,  headed  cabbage  had  be- 
come one  of  the  mcifit  important  vogetablrs  in 
i6'h  centurj'  Europe.  From  then  onwards 
headed  cabbage  was  introduced  worldwide.  In 
tropical  and  subtropical  areas  ei>inniercial  cul- 
tivation is  still  mostly  restricted  to  the  cooler 
climates  uf  the  highlands  ur  to  the  mild  cool 
seasons  at  higher  latitudes.  In  Africa  headed 
cibba^e  is  espedally  common  in  East  Africa 
and  Egypt. 

Uses  Headed  cabbage  is  usually  consumed 

as  a  cooked  m-  stir-fried  vcfjotable,  sometimes 
pu'klod.  It  IS  also  eaten  fresh  as  an  intrredirnt 
of  coleslaw  (a  salad  made  of  raw  sliced  or 
diopped  cabbage)  and  mixed  salads.  It  may  be 
preserved  liy  steaniint;  and  drying,'  f)r  by  an- 
aerobic fermentation  m  brme  (sauerkraut). 

Production  and  international  trade  The 
importance  of  headed  cabbage  in  lroi)i(  ;d  and 
subtropical  repions,  mainly  early  inaturinp 
white  headed  cabbage  with  firm  and  round  to 
flat  heads  (1-2.6  kg),  has  increased  oonsidera- 

bly  durinp  recent  decades.  It  can  be  fairly  eas- 
ily produced  in  large  quantities,  transported 
over  great  distances  without  mudi  damage  and 
stored  for  a  few  weeks.  The  area  planted  with 
headed  cabbage  worldwide  in  2002  was  esti- 
mated at  about  3  million  ha  in  124  countries 
(producing  some  62.6  million  t):  2  million  ha  in 
.Asia  (of  which  1.5  million  ha  in  Thina),  0J> 
mUlion  ha  in  Europe,  180,000  ha  in  the  Ameri- 
cas, and  an  estimated  100,000  ha  in  Africa, 
Reliable  data  on  an  as  planted  annually  with 
headed  cabliatje  are  lackintj  for  most  countries 
in  tropical  Africa.  Based  on  sales  of  commemal 
seed,  at  least  40»000  ha  of  white  headed  cab- 
bage is  grown  in  K^iya,  Uganda  and  Tanzania 


together.  10,000  ha  in  the  region  covering  Ma- 
lawi Zambia  and  Zimbabwe.  1000  ha  in  Ethio- 
pia Mid  ;i»00  ha  in  CanienHin  Ahnost  all  whit« 
headed  cabbage  is  produced  for  local  urban 
markets.  Mozambique  imports  considerable 
quantities  of  headed  cabbage  from  South  Africa 
and  until  n  i  i  iitly  did  so  also  from  Zimbabwe. 

Properties  The  nutritional  composition  of 
white  headed  cabbage  per  100  g  edible  portion 
(i.e.  77%  of  the  product  as  purchased)  is;  water 
00,1  g,  rnorp>'  lOD  kJ  (26  kcal)  protein  1.7  g, 
fat  0.4  g,  carbohydrate  4.1  g,  dietary  fibre  2.9  g, 
Ca  52  mg,  Mg  8  mg,  P  41  mg,  Fe  0.7  mg,  Zn  0.3 
mt;.  rainii  ne  385  pg.  thiamin  0.15  mg,  ribofla- 
vin 0.02  mg,  niacm  0.5  mg,  folate  75  pg,  ascor- 
bic acid  49  mg  (Holland,  B.,  Unwin,  I.D.  & 
Buss,  D.H.,  1991). 

All    Bixissicu    crops    contain  iikuosinolates 
which  in  crushed  leaves  are  hydrolyzed  by  the 
enzyme  myrosinase  to  mostly  bitter-tasting 

thiocyanates  and  \-olatile  isolbiocyanales; 
these  compounds  have  antimicrobial  and  anti- 
carcinogenic  properties.  In  headed  cabbage 
glucosinolate  content  is  rather  low  doo  ing  per 
100  g)  as  a  result  of  centuries  of  selection 
against  bitter-tastmg  pltmts.  In  spite  of  its 
ancestry,  headed  cabbage  does  not  seem  to 
have  medicinal  aj)pli(  at ions. 

Description  Erect,  glabrous,  biennial  herb 
up  to  60  cm  tall  at  the  mature  vegetative  stage, 
up  to  200  cm  when  flowering,  with  unbranched 
stem  up  to  M)  cm  lonp  pradually  thickeninp 
upwards;  root  system  strongly  branched. 
Leaves  alternate  but  closely  arranged,  sessile, 
basal  leaves  formuig  a  rosette,  upper  leaves  in 
a  compact  flattened  globose  to  elhpsoid  head 
up  to  30  cm  in  diameter,  usually  simple;  stip- 
ules absent;  blarle  ovate  to  obovate  or  almost 
circular,  up  to  cm  x  ;iO  cm,  undulate  or  ir- 
regularly incised  to  almost  entire,  coated  with 
a  layer  of  wax,  whitish  to  pale  green  with  whit- 
ish  veins  (white  headed  cabbage),  red-purple 
(red  headed  cabbage),  or  green  to  yellow-green 
and  puckered  (savoy  headed  cabbage).  Inflores- 
cence a  terminal  paniculate  raceme  up  to  100 
cm  loni;  Flowers  bisexual  ret^ular  l-merous: 
pedicel  up  to  2  cm  long,  ascending;  sepals  ob- 
long, c.  1  cm  long,  erect;  petals  obovate,  1.6-2.6 
cm  lonp  clawed  pale  to  bright  yellow  or  whit- 
ish; stamens  G;  ovary  superior,  cylindrical,  2- 
oelled,  stigma  globose.  Fruit  a  linear  sili(|ue  5- 
10  em  X  &  5  mm,  with  a  taptTini^  beak  ')-!•" 

mm  long,  dehiscent,  up  to  i-secdcd.  Seeds 
globose,  2-1  mm  in  diameter,  finely  reticulate, 
brown.  Seedling  with  epigeal  germinati<m,  with 
a  taproot  and  lateral  roots;  hypoootyl  3-S  cm 
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Bna$iea  oleraeea  (headed  cabbage)  -  1,  plant 

hnbil;2,  head  in  longUudincd  aecUofl. 
Source:  PRUSEA 

long,  epicotyl  .-ihscnt;  cotyledons  with  ppJiole  1— 
2  cm  lonp  hl.iiii'  lordato  1-1.5  cm  long, 
cuneate  at  hiiae,  nulched  at  apex. 

OtSier  botanical  inlbrmatioii  Headed  cab- 
bage has  been  classified  as  cotivar  ctipitata  (L.) 
Akf.,  which  has  been  subdivided  m  var.  capi' 
taia  L.  comprising  white  headed  cabbage  (with 
smooth  white  to  green  leaves)  and  r  I  In  n led 
cnbbajTo  (with  rod  lenvps)  and  vnr  .suhnihlii  I. 
comprismg  savoy  headed  cabbage  (with  curly 
green  leaves).  These  3  types  of  headed  cabbage 
ran  host  he  ronsidorod  ns  rultivar-groups  and 
as  such  have  been  called  White  Headed  Cab- 
bage Group,  Red  Headed  Cabbage  Group  and 
Savoy  Headed  Cabbage  Group.  However,  a 
formal  distinction  into  these  groups  at  world 
level  IS  often  considered  superfluous  and  con- 
fusing, although  at  a  local  level  it  may  be  rele- 
vant 

Hundi'eds  oi°  cultivars  of  headed  cabbage  are 
grown  worldwide.  In  the  market  gardens  of 
tropical  regions  early-maturing  compact  and 
round-  or  flat-hcnded  Ki  hybrids  of  white 
headed  cabbage  are  increasingly  »-eplacing  the 
open-pollinated  cultivars  sudi  as  'Golden  Acre', 
'Copenhagen  Market',  'Glory  of  Enkhuizoi',  the 


flat-headed  'Drumhead'  and  the  pointed 
Sugarloaf.  Examples  of  Fi  hybrid  cultivars  are 
'Fresco ,  <  Iloria  (=  <  M  een  Boy ).  (  Ireen  Coro- 
net', KK  Cross'.  KY  <''r()ss'  ;uk1  Ilerrules' 
WTiite  headed  cabbage  hybrids  of  Japanese  and 
Taiwanese  origin  in  particular  often  are  early 
maturing  and  have  hcjit  tuloniiirc.  Technisem 
markets  several  cultivars  suitable  lor  tropical 
lowland  areas  (e.g.  coastal  areas  near  Dakar 
and  .\hidjan)  including  Kl\  i'i  dss  Pabula', 
'Ru.stica  .iikI  Sahel',  which  can  he  h;irvcst<'d 
60^0  days  after  planting,  and  the  very  early 
(45-65  days)  but  smaller-headed  'Quidc  Start' 
and  Ball'.  All  these  cultivars  are  Xanlhoinoiias 
resistant;  Fabula',  'Rustica'  and  'Sahel'  are 
RiMcaruun  resistant  too. 

Red  headed  cabbage  and  savoy  headed  cabbage 
are  of  ecY)nomic  importance  mainly  in  Europe 
and  Americii,  but  nut  common  in  tropical  re- 
gions. Examples  of  Taiwanese  cultivars  of  red 

cnhbnpe  are  Srnrlot'  and  Sunny  Side,  The 
Technisem  red  headed  cabbage  cultivar  'Red 
Ball'  is  heat  and  Xanthomonas  tolerant. 

Growth  and  development  Seeds  germi- 
nate within  3-<3  days  and  seedlings  have  4  true 
leaves  4-G  weeks  after  sowing  at  15— 20*'C  av- 
erage daily  temperatures.  The  first  7—16  leaves 
expand  and  unfold  (o  form  a  rosclle  commonly 
called  the  frame.  Subsequent  leaves  only  partly 
unfold,  forming  the  shell  of  the  head;  the  grow- 
ing point  increases  in  size,  the  stem  thickens 
and  the  head  is  filled  out  with  fleshy  leaves. 
The  head  is  solid  and  ready  for  harvesting  80— 
120  days  after  germination,  depending  on 
graolype  and  climate 

Most  headed  cabbage  types  require  b-8  weeks 
exposure  to  temperatures  below  10*C  for  flow- 
er initiation  and  iiolting.  The  main  stem  in- 
rronses  in  lenptli  r.ifiidly.  rnusinji  the  head  to 
burst,  and  then  develops  a  branched  inflores- 
cence. Flowering  starts  at  the  base  of  the  inflo- 
rosronco  2-3  months  after  the  first  sipn  of 
bolting  and  continues  for  -1-5  weeks.  Sporo- 
phj'tic  self-incompatibility  (1 -locus  system  with 
multiple  alleles)  precludes  natural  self- 
fi'itdi/.atiun.  Insects,  especially  bees,  effect 
cross-poUination.  Seeds  are  mature  8—10  wt?eks 
after  anthesis. 

Ecology  Hendfil  c-ihbnpe  grows  host  nl  av- 
erage dail>'  temperatures  of  15-20''C  and  a 
diurnal  variation  of  at  least  5*C.  In  tropical 
regions  these  conditions  are  only  met  in  hi^- 
lands  above  800  m.  At  temperatures  in  excess 
of  25°C  young  plants  still  grow  well,  but  subse- 
quent head  fiirmati<m  will  be  retarded.  Some 
Japanese  and  Taiwanese  Fi  hybrids  are  more 
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heat-tolerant,  but  even  these  do  not  perform  so 
well  under  lowland  tropical  conditions. 
Most  headed  cabbage  cultivars  are  day  length 
neutral  ami  flower  initiation  is  mainly  induced 
by  low  temperatures.  Halt-grown  plants  can 
even  withstand  short  spells  of  frost  (-5*C). 
Soils  sh<iuld  be  well  drained  and  fertile,  having 
good  moisture  retaining  capacity,  high  organic 
matter  content  and  a  pH  of  6.5-7.6.  Because  of 
its  shallow  root,  system,  headed  cabbage  needs 
n  repulnr  j^upply  of  water  throughout  the  grow- 
ing season  either  by  rain  or  irrigation. 
E!vapotranspiration  of  a  fully-grown  headed 
cabhai,'!'  fn  id  <  an  icadi  1  mm  pi-r  <l;iy 

Propagation  and  planting  Dry  headed 
cabbage  seed  (6%  moisture  content)  will  re- 
main  viable  for  at  least  4-6  years  when  stored 
dry  at  tfmpenitures  Itelow  18T  Freshi\  har- 
vested seed  sometimes  gives  poor  germination. 
Soaking  ovemigfat  and  rinsing  with  water 

overcomes  this  After  I  months  storage  dor- 
mancy disappears.  Seeds  are  sown  on  seed- 
beds, in  pots  or  in  trasrs;  young  seedlings  may 
require  protection  from  excessive  sunshine  by 
light  shading.  About  300-.')00  t,'  seed  and  tibout 
200  m'  of  seedbed  are  required  lor  1  ha  of  cab- 
bage. The  lOOO-seed  weight  is  3-6  g.  Trans- 
planlinsi  to  the  field  takes  place  1—.")  weeks 
later,  when  the  seedimgs  have  -l-d  true  leaves. 
Plant  densities  of  30,000-d0,000  plants  per  ha 
are  usually  applied  and  sparing  is  40-50  cm  X 
55-GO  em.  Head  size  cnn  be  regulated  to  some 
extent  by  adjusting  plant  density. 
Lateral  riioots  from  decapitated  stumps  can  be 

rooted  and  transplanted.  This  method  of  Vfj^c- 
tative  propagation  is  practised  in  breeding  pro- 
grammes to  maintain  selected  plants. 

MauRgement  Headed  cabbage  is  often 
grown  in  rotation  with  maize  rice,  potato,  leg- 
umes, tobacco  and  vegetables  (tomato,  capsi- 
cum peppw,  caiion,  carrot).  Soil  preparation 
includes  deep  digging  mixing  with  oompost  or 
stable  manure  (20-50  t/ha),  followed  by  Une 
tillage.  Before  planting  NPK  fertilizer  is  ap- 
plied and  fer  good  vegetative  growth  a  top 
dressing  with  N  fertilizer  is  given  when  h(  ;id 
formation  starts.  Type  of  fertilizer  and  quunli- 
ties  depend  on  soil  type,  initial  nutrient  re- 
serves in  the  soil  nnd  yield  level.  The  uptake 
and  removal  of  nutrients  is  high.  A  headed 
cabbage  crop  with  a  yield  of  25  t/ha  absorbs 
approximately  100  kg  X,  12  kg  P  and  76  kg  K, 
At  least  double  that  quantity  is  recommended 
as  fertilizer  gift.  Growing  headed  cabbage  on 
ridges  during  the  wet  season  improves  drain- 
age. The  crop  should  be  kept  free  of  weeds, 


especially  in  the  first  month  after  transplant- 
ing. Mulching  (drj'  grass  or  straw)  is  beneficial 
to  growth. 

Diseases  and  pests  The  most  important 
diseases  m  tropical  areas  are:  downy  mUdew 
(Peronoapora  ptirasitica)  important  mainly  at 
elevations  above  1200  m,  and  grey  le;d"  mould 
(Altemaria  biassicae),  both  of  which  can  be 
controlled  by  fungicides  and  selection  of  toler- 
ant cultivars:  l)a<  l  rial  >of(  mi  (Eruinia  euro- 
tnrnin)  under  hot  and  humid  conditions;  black 
rot  {Xanthomonaa  campeairia  pv.  campesiiia), 
controlled  by  disease-firee  seeds  and  seedlings 
(some  cultivars  have  a  good  level  of  tolerance) 
and  avoidance  of  overhead  irrigation;  wire 
stem  (Rhizoeionia  aolani),  inducing  damping 
it  ind  vein  and  leaf  necrosis  below  the  head; 
club  root  (Plusinudiopliora  htassicdc)  a  serious 
threat  also  at  medium  elevations  (about  700 
m),  prevented  by  wide  crop  rotation,  eradica- 
tion of  cruciferous  weeds  (alternative  hosts  of 
the  pathogen),  by  liming  and  cultivation  on 
soils  with  pH  >7,  and  by  stimulating  antago- 
nistic fungi  in  the  soil  (such  as  Trivli<>i!,-iina 
and  Mortieivlta  spp.),  Tlub  root  has  lieen 
spreading  fast  during  the  last  decades  and  has 
become  the  most  detrimental  disease  in  many 

highland  areas  A  few  cultivars  ap[ie,-ir  lo  have 
some  tolerance,  but  high  levels  of  durable  re- 
sistance to  dub  root  are  not  yet  available. 
Other  diseases  are:  ringspot  (Mycosphaerdla 
brassr'riciila)-  cabbage  yellows  (Fit sarin m  nx- 
yspuiuin  i.sp.  coiiglulinana),  to  be  controlled  by 
crop  rotati<m  and  resistant  cultivars;  cauH- 
tlower  and  turnip  mosaic  virus  which  can  be 
prevented  by  control  of  the  aphid  vectors  and 
by  eradicating  hosts  like  wild  mustard.  Alum 
dusted  on  stumps  has  been  found  effective  in 

eontrollinc  storage  rots  caused  by  Eni  inin. 
important  pests  include:  diamondback  moth 
(Pbitella  jvyfosfeUa)  for  which  diemical  cmtnd 
is  increasingly  ineffective  because  of  the  quick 
build-up  of  resistance  to  all  except  neem-based 
insecticides,  whereas  biological  control  with  sex 
pheromones  and  parasiioids  (IU<i(lcgina  aemi- 
chiii.tiiin.  Apaittrh'.s  jthiti'Uac  J jidihutnii s  col- 
laiis  and  Ouiiiyziis  soUolouski)  is  promising; 
leaf  w^ber  {Croeidolomia  binoUdis)',  web 
worm  (ffpfliiln  itndalis)  particularly  in  south- 
em  Africa.  Occasional  pests  are  cut  worm 
(Spodoptera  littoraUa),  flea  beetle  (Phyllotreta 
spp.),  cabbage  butteiiOy  (Pieria  spp.)  and  cab- 
bage aphid  (Biwicoryne  brnasirnp).  Indian 
mustard  (Braaaica  juncea  (L.)  Czern.)  may  be 
used  as  a  trap  crop  for  diamondbadE  moth  and 
other  pests  when  planted  in  rows  between 
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headed  cabbage;  chcmicnl  rontrol  can  then  be 
restricted  to  the  mustard  plants.  Tomato  and 
onionH  are  good  repellent  crops  for  the  dia- 
mondbackmoth. 

Harvestiiig  Weil  fiUed-out  and  soUd  heads 
are  cut,  usually  with  a  few  wrapper  leaves  at- 
tadied,  2^  months  after  transplanting.  The 
period  of  harvestmg  is  1—2  weeks  I'l  hybrids 
maturing  more  umfomUy  than  opt  n -pollinated 
cultivars.  The  lateral  shoots  developing  on  de- 
rnpifated  stumps  are  somefinios  harvested  as  a 
sort  of  loose-leaved  mmi  cabbage. 

Yield  Open-pollinated  cultivars  yield  10-25 
tliji  Fi  hybrids  40-60  t/ha  under  optimum 
growing  conditions.  In  tropical  regions  yields 
are  generally  highest  above  800  m  altitude. 
Seed  yields  are  200-1000  kg/ha  in  temperate 
climates 

Handling  after  harvest  Cabbage  heads  can 
be  stored  for  7-10  days  in  a  cool  (20'C),  well- 
aerated  and  dark  ?;f»nr(\  Transport iiHt)n  should 
be  in  ventilated  boxes,  net  bags  or  Ughtweight 
Hessian  sadcs.  At  1*C  and  hi^  relative  humid- 
ity (95-98%)  cabbage  heads  can  be  kept  for  2-3 
months. 

Genetic  reaouirces  Workmg  and  germ- 
plasm  collections  of  white  cabbage  and  other 

Br<i.ssifa  rrojis  are  available  in  scvcra]  research 
centres  in  Europe,  Russian  Federation,  United 
States,  India  and  Japan.  In  Europe  a  Brasstca 
gi^ebank  has  been  established  in  cooperation 
with  private  companies.  .A  central  I'lcrtrnnic 
catalogue  of  the  collections  is  available  at  the 
Centre  for  Goietic  Resources  (CGN),  Wagenin- 
gen.  Netherlands.  Preservation  of  germplasm 
from  the  centres  of  genetic  diversity  (Mediter- 
ranean region)  appears  adequate  and  inter- 
specific  crosses  within  the  Bms.iic<tccae  family 
widens  the  genepool  available  to  brecik^rs. 

Breeding  Present  breeding  programmes 
aim  at  Fi  hybrids  based  on  single  crosses  be- 
twi  i  n  inbred  lines.  Inbreeding  is  iisu.illy  ef- 
fected by  manual  bud-pollination  or  treatment 
with  COs  (2-10%)  after  bee  pollination  to  tem- 
porarily break  the  self-incompatibility.  Fully 
homozygous  lines  are  now  produceil  much 
faster  from  doubled  haploids  through  micro- 
spore culture,  a  technique  periected  for  Bros- 
sira  oleracea  in  the  earl}'  IfilOs. 
Main  breeding  objectives  include:  head  shape 
and  size,  internal  firmness,  leaf  configuration 
and  colour,  core  (-  internal  stem)  lenutb  tjiste, 
vitamin  ("  content,  earliness,  standing  ability 
(delayed  splitting  of  the  head  at  maturity), 
productivity,  heat  tolerance,  resistance  to  dis- 
eases, pests  and  tip  bum  ([diysiological  disor- 


der). Fi  hybrid  cultivars  with  good  host  resis- 
tance to  cabbage  yellows,  black  rot  and  downy 
mildew  have  bei  n  d<  veloped.  However,  efforts 
to  breed  for  duralile  resistance  to  club  root 
have  had  limited  success  so  far,  due  to  the 
large  genetic  variability  of  the  pathogen,  Ae 
limited  sources  of  resistance  and  the  complex 
inheritance  of  host  resistance.  Headed  cabbage 
cultivars  with  proven  resistance  in  one  region 
are  firequenl  ly  susceptible  elsewhere  due  to  the 
presence  of  <lifrerent  pathotypes  of  Plasinodio- 
pkora  bixissicae. 

Commercial  seed  production  of  Pi  hybrids, 

which  was  tr.iilitionally  based  on  the  system  of 
self-incompatibihty,  is  increasmgly  realized 
with  cytoplasmic  male  sterility  (CMS)  in  the 
female  lines.  The  negative  effects  initialljf 
hiiki  'I  to  the  Ogura'  system  of  CMS  in  linis- 
sicu  uimacea,  such  as  leaf  chlorosis  at  low  tem- 
peratures, low  female  fertility  and  poor  insect 
pollination  due  to  absence  nf  nerfar  glands  in 
the  flowers,  have  been  overcome  (e.g.  by  hy- 
bridization with  protoplasts,  followed  by  strict 
selection  among  regenerated  plants). 

Prospects  Tiie  importance  of  white  headed 
cabbage  will  further  mcrease  m  tropical  re- 
gions. Heat-tolerant  cultivars  enable  cultiva- 
tion at  lower  elevatif)ns.  but  market  gank^iing 
will  contmue  to  prevail  in  the  highlands  be- 
cause of  higher  yield  potential,  better  head 
quality  and  fewer  disease  and  pest  problems. 
Considerable  progress  is  being  made  with  ef- 
fective methods  of  integrated  pest  management 
in  headed  cabbage  and  this  may  reduce  pesti- 
(■irlc  use.  Cultivars  resist ;mt  to  cabViage  yellows 
and  black  rot  are  becummg  increasingly  avail- 
able. However,  club  root  is  spreading  fast  in 
areas  with  intensive  market  gardening  and 
cultivars  with  durable  resistance  w'ill  not  be 
available  in  the  medium  term.  Methods  of  con- 
trol by  antagonists  to  the  pathogen  and  cul- 
tural methods  desen'c  more  attention. 
The  development  of  DNA  markers  by  plant 
biotechnology  for  more  predse  indirect  screen- 
ing for  resistance  to  diseases  and  pests,  as  well 
as  other  characteristics  will  considerably  in- 
crease breeding  efficiency  in  headed  cabbage. 
The  seeds  of  Japanese  hybrids  are  still  mainly 
produced  by  self-incompaf ibilify,  but  several 
European  and  American  seed  companies  are 
quickly  dianging  over  to  the  CMS  system,  be- 
cause of  lower  seed  production  costs  and  better 
.seed  quality  (no  inbreds).  A  few  smaller  Euro- 
pean seed  companies  producing  biological  seed 
for  organic  farming  have  refused  to  ad<^t  CMS 
in  Brasaiea  vegetable  seed  production. 
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Bkassica  OLtlKACEA  L.  (caulitlower  and 
broccoli) 

Protologue  Sp.  pi.  2:  667  (1763), 
Family  Brassicaceae  (Cruciferae) 
Chromosome  number  2n  —  18 

Vernacular  names 

-  Caulitlower  (En).  Chou-tleur  (Fr).  Couve  flor 
(Po). 

-  nroccoli,  sjiiout itii,'  broccdli.  calabrfse  (En). 
Brocoli,  chou  bruooh  (Fr).  Brucolos,  couve 
br6colo  (Po). 

Origin  and  geographic  distribution  CauU- 

flower  ami  Ijiocculi  probably  tn  olvoH  in  Roman 
times  from  wild  or  primitive  cultivated  forms  of 
Brassiea  oUraeea  from  1h»  eastern  Mediterra- 
nran  ropion.  A  romarkablc  divorsily  of  rauli- 
flower  and  broccoli-like  vegetables  developed  in 
Italy.  During  the  last  400  years^  white-headed 
cauliflower  spread  from  Italy  to  central  and 
northern  Europe,  which  became  secondary 
centres  of  diversity  for  annual  and  biennial 
tjrpes.  Cauliflower  adapted  to  hot  and  humid 

trnjiicil  rlimntrs  has  evolved  in  India  during 
the  last  200  years  from  biennial  cauliflower  of 
mainly  British  and  central  European  origin. 
Brot<  nil  w  ith  (inc  tnain  green  head'  (calabrese) 
was  ini nxluicd  inlo  the  United  States  by  Ital- 
ian immigrants  during  the  early  20^  centurj*. 
From  the  United  States  it  has  spread  through- 
out the  world  in  the  last  50  years.  In  tropical 


•Vfrica  cauliflower  and  broccoli  arc  grown,  usu- 
ally on  a  small  scale,  in  many  countries  with 
highland  anas  in  West  Africa  oceasionalty 
also  111  lowland  areas  during  the  cool  harmat- 
tan  season. 

Uses  Cauliflower  and  broccoli  are  grown  for 

their  lar^e  edible,  verj'  yoiiiit,'  innoresoenee. 
Cauliflower  heads  (curds)  and  in  broccoli  the 
heads  and  the  fleshy  upper  portion  of  the  stem 
are  mostly  consumed  as  a  cooked  vegetable; 
sometimes  they  are  rut  into  small  pieces  (flo- 
rets) and  used  raw  in  mixed  salads  or  in  pick- 
les. BroccoU,  and  to  a  lesser  extent  cauliflower, 
have  become  pojiular  as  quick-frozen  vegeta- 
bles, particularly  in  the  United  States  and 
Europe.  Both  are  also  processed  In  mixtures  of 
dried  vegetables. 

Production  and  international  trade  Total 
world  production  of  caulillower  in  2002  was 
estimated  at  16.3  million  t  per  year  from 

812.000  ha.  Major  cauliflower  prodiicinp  areas 
are  China  303.000  ha,  India  260,000  ha, 
Europe  120,000  ha,  North  America  37,000  ha, 
Middle  East  20.000  ha.  Japan  10,000  ha  and 
North  Africa  11.000  ha.  World  statistics  on 
broccoli  production  are  incomplete  and  often 
mixed  with  cauliflower  data.  Important  broc- 
coli producinp  areas  are:  \orlb  .\mi>rica  ."(;,()()() 
ha,  Europe  45,000  ha,  Latin  America  8000  ha 
and  Asia  17,000  ha.  In  tropical  Africa  cauli- 
flower and  broccoli  are  minor  crops;  statistical 
data  are  very  incomplete. 

Properties  Cauliflower  contains  per  100  g 
edible  portion  (florets  only,  45%  of  product  as 
purchased);  water  8«  1  g  energy  112  kJ  (.34 
kcai),  protein  3.6  g,  fat  0.9  g,  carbohydrate  3.0 
g,  dietary  fibre  1.8  g,  Ca  21  mg,  Mg  17  mg,  P  64 
mg,  Fe  0.7  mg,  Zn  0.6  mg,  carotene  50  ng, 
thiamin  0.17  mg,  riboflavin  0.0.5  mg  niacin  0.6 
mg,  folate  66  ng,  ascorbic  acid  13  mg.  Raw 
green  broccoli  contains  per  100  g  edible  portion 
(tough  stems  removed,  (\]%  of  product  as  pur- 
chased): water  88.2  g,  energy  138  kJ  (33  kcal), 
protein  4.4  g,  tat  0.9  g,  carbohydrate  1.8  g,  die- 
tary fibre  2.6  g.  Ca  56  mg,  Mg  22  mg,  P  87  mg, 
Fe  1.7  mg,  Zn  O.G  mg.  carotene  nln  (.ig.  thiamin 
0.10  mg,  riboflavin  U.OG  rag,  niacin  0.9  mg, 
folate  90  |Ag,  ascorbic  add  87  mg  (Holland,  B., 
I'nwin  I  D  &  Buss  D  H.,  1991).  Both  vegeta- 
bles have  a  high  nutritional  value,  but  broccoli 
scores  overaU  higher  than  cauliflower.  BroccoU 
is  rich  in  Se,  oontaining  3  |ig/100  g. 
Like  all  Brassiea  crops,  cauliflower  and  broccoU 
contain  various  bioactive  compounds  such  as 
flavonoids  and  hydroxycinnamoyl  derivatives. 
They  also  contain  gluoosinolates,  which  are 
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responsible  for  the  characteristic  flavour  and 
taste,  and  some  of  them  have  strong  anticar- 
dnogenic  properties.  In  cnuUflower  the  main 
glucosinolate  is  sinisiiin.  in  lu-'xcuH  tjlucorap- 
hanin.  Sulforaphane,  a  breakdown  product  of 
glucoraphanin,  has  shown  anticancer  activity 
in  rats  and  humans  iiu;iinst  srvoral  forms  of 
cancer.  It  is  a  potent  inducer  of  enzymes  that 
protect  cells  against  electrophile  toxins  includ* 
ing  carcinogens:  it  also  upregulates  tin-  -ynlhe- 
sis  of  hepatic  detoxification  enzymes,  riic  fjhj- 
cosinolate  content  is  influenced  by  ecological 
factors  (e.g.  soil  S  content)  and  cultivar.  'Briga- 
dii'i'  Majestic'  and  'Wintcrt,'arden'  are  particu- 
larly rich  in  glucoraphanin.  Although  the  con- 
centration of  glucoraphanin  is  highest  in  the 
seed,  the  total  amount  accumulated  is  highest 

at  the  ureen  head  stage. 

Description  Erect,  glabrous,  annual  or  bi- 
ennial heib  up  to  80  cm  tall  at  the  mature 
vegetative  stage,  ufi  to  ]r>()  cm  when  flowering, 

with  unbrandied  stem  thickenmg  upwards; 
root  sjrstem  strongly  branched.  Leaves  alter- 
nate but  closely  arranged  and  more  or  less 

erect  forming  a  rosette  surrounding  the  young 
mflorescence  especially  in  cauliflower,  usually 
simple;  stipules  absent;  leaves  almost  sessile, 

but  often  shortly  pclielatc  in  hrniroli:  blade 
ovate  to  oblong,  up  to  8U  cm  x  4U  cm,  undulate 
or  irregularly  incised  to  almost  entire,  coated 
with  a  layer  of  wax,  blue-green  with  whitish 
veins.  Inflorescence  a  terminal  paniculate  ra- 
ceme up  to  70  cm  long,  when  young  (curd  or 
head)  composed  of  more  or  less  densely  ar- 
ranged l>raiuhing  partial  inflorescences  and 
fleshy  peduncles,  in  cauliflower  up  to  30  cm  in 
diameter,  very  solid  and  globular  to  rather 
loose  and  flat,  while  to  green,  in  broccoli  less 
densely  arranged  with  longer  peduncles,  green 
to  purple.  Flowers  bisexual,  regular,  l-merous; 
pedicel  up  to  2  cm  long,  asoMiding;  sepals  ob- 

long  c.  1  cm  long  erect  pet als  ohovate,  1..^— 2.5 
cm  long,  clawed,  pale  to  bright  yellow  or  whit- 
ish; stamens  6;  ovar>-  superior,  cylindrical,  2- 
celled,  stigma  globose.  Fruit  a  linear  silique  5- 
10  cm  X  c.  5  mm.  with  a  tapering  beak  5-15 
mm  long,  dehiscent,  up  to  30-seeded.  Seeds 
globose,  2—4  mm  in  diameter,  finely  reticulate, 
brown.  Seedling  with  epigeal  gerniinatinn.  with 
a  taproot  and  lateral  roots;  hypoootyl  3-5  cm 
long,  epicotyl  absent;  cotyled<ni8  with  petiole  1— 
2  cm  long,  blade  cordate,  1—1.5  cm  long, 
cuneate  at  base,  notched  at  apex. 

Other  botanical  information  Cauliflower 
and  broccoli  have  been  classified  in  convar. 
btdrytia  (L.)  Alef.,  as  var.  botrytia  L.  and  var. 


Bixissicu  oleiui  fu  (cuulijluu  er  and  brucculi)  -  1, 
plani  htAit  (eauUflower);  2,  young  mfloreaeenee 
(njiiliflnii  cr);  3.  young  iofloretoence  (broccoU). 
Source:  rROSEA 

itdUcn  Plends,  respectively.  They  can  best  be 
considered  as  cultivar-groups  and  as  such  have 
been  called  Cauliflower  Group  and  Broccoli 
Group.  Both  groups  are  sometimes  subdivided 
intd  several  smaller  ones  but  such  classifica- 
tions are  of  no  relevance  m  tropical  Africa. 
Modem  cauliflower  cultivars  can  also  be 
grouped  according  to  their  horticultural  char^ 

acteristics-  temperate  biennial  winter  cultivars 
(frost  resistant  or  not  frost  resistant),  temper- 
ate annual  cultivars  (spring,  summer  and  au- 
tumn cultivars)  and  tropical  cultivars  Tem- 
perate summer  cultivars  and  increasingly 
tropical  cultivars  are  grown  in  tropical  Afirica, 
but  the  l  ist  yi  uup  of  cultivars,  adapted  to  hot 
and  humid  chmales,  is  most  suitable.  Popular 
cultivars  like  I'atna',  ..Agahani  and  Karlika' 
were  developed  in  India  firom  landraoes.  These 

selections  are  of  rather  poor  quality.  Modem  Fi 
hybrids  developed  in  Japan,  China  and  India, 
combining  good  quality  with  heat  tolerance, 
are  rapidly  replacing  the  old  landraces. 
In  broccoli  the  single  headed  calabrese'  type 
with  a  compact  dome-shaped  head  with  small 
beads  (flower  buds)  is  grown  worldwide,  under 
condititms  conq>arable  to  the  summer  types  of 
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temperate  cauliflower.  The  buds  are  preferably 
dark  green. 

Growth  and  development  Cauliflower  and 
broccoli  seed  (')%  mnisfure  eonfent)  will  remain 
viable  for  at  least  1-6  years  when  stored  di:;j'  at 
temperatures  below  18*C.  Seeds  germinate 
within  3-6  days  and  seedlings  have  7-9  true 
leaves  within  30-40  days  at  >  20°C  average 
daily  temperatures. 

DiflEerentiation  of  floral  primoniia  in  cauli- 
flower rnn  only  stnH  nt  the  end  of  the  juvenile 
phase,  when  plants  have  12-15  leaves  for  early 
types  to  more  than  30  leaves  for  late  biennial 
types.  Good  curd  induction  requires  a  subse- 
quent period  of  20-30  days  at  relatively  low 
night  temperatures  of  10— 16*C  for  temperate 
and  18-22''C  for  tropical  cultivars.  Higher  than 
optimum  temperatures  during  this  period  will 
cause  delayed  curd  I'urmation  and  defects  such 
as  fiizziness  and  bracting  (development  of 

brncl?;.  whirh  mny  prow  throiiph  the  rurd  sur- 
face). Premature  flower  bud  formation  causing 
a  rough  granular  appearance  can  occur  when 
the  temperature  is  below  optimum.  Curd  in- 
duction requirements  of  most  broccoli  cultivars 
are  similar  to  those  of  temperate  summer  cau- 
liflower. Heads  of  annual  cauliflower  and  broc- 
coli are  ready  for  h;ir\(  >iinp  T.'i-IBO  dnys  after 
sowing,  depending  on  cultivar  and  climate. 
Vezy  soon  after  the  optimum  harvesting  date, 
curds  of  caulifl(i\v<  r  plants  start,  to  enlarge, 
become  loose,  the  ficduncli  s  lenpthen  and  turn 
green  and  the  floral  meristems  develop  into 
inflorescences.  Particularly  in  modem  cauli- 
flower cultivars  with  very  firm  and  dense 
curds,  only  the  outer  nm  of  the  curd  develops 
flowers,  with  the  rest  aborting  and  becoming  a 
substrate  for  i)nihop(>nic  fungi  under  humid 
conditions.  In  broccoli  the  bond  is  n  mass  of 
fiilly  developed  flower  buds  and  normally  veiy 
little  abortion  takes  place. 

Flowering  starts  nt  the  bn-c  nf  tbi'  inflnrrscrn- 
ces  and  continues  for  about  one  month  m  cauli- 
flower and  for  20-25  days  in  broocoU  plants. 
Insects,  especially  bees,  effect  pollination. 
Seeds  are  mature  4r)-r)n  days  after  anthesis. 

Ecology  Temperate  summer  cultivars  of 
cauliflower  and  broccoli  can  be  grown  in  the 
tropics  when  maximum  temperatures  do  not 
exceed  30°C  and  night  temperatures  drop  be- 
low 18"C  for  about  four  weeks  about  one  month 
after  planting  to  ensure  good  curd  induction.  In 
subtropical  areas  these  conditions  often  occur 
in  the  diy  winter  season.  In  the  equatorial  ar- 
eas these  conditions  can  be  found  at  elevations 
above  1000  m,  at  higher  latitudes  in  the  tropics 


during  the  drj'  winter  season.  In  tropical  low- 
land conditions  only  adapted  tropical  tj^pes  can 
be  grown,  but  iJieir  wei^t  and  quality  are  in 

general  inferior  t"  tcmpiTate  types.  For  suc- 
cessful seed  production  a  fairly  cool  and  dry 
climate  is  a  prerequisite. 

Soils  should  be  well  drained  and  fertile  with 
good  moisture  retainmg  capacity  and  a  high 
org.inic  matter  content;  the  optimum  pH  is 

'<.'i-~ -~y. 

Propagation  and  planting  Seed  of  cauli- 
flower and  bi"occoli  is  mostly  sown  on  seedbeds, 
sometimes  in  soil  blocks  or  modules.  The  1000- 
soed  weight  is  2.-5-4  g,  the  seed  requirement 
100—200  g/ha.  Dormancy  of  freshly  harvested 
seed  can  be  reduced  by  overnight  soaking  and 
rinsing  in  water;  it  also  disappears  after  3-4 
months  storage,  so  seed  from  sei  d  cumpanies  is 
not  dormant.  Young  seedlings  may  have  to  be 
shaded  to  prevent  sun  soordiing.  Transplant- 
ing to  the  field  should  be  done  when  seedlings 
have  7-9  true  leaves,  30—40  days  after  sowing. 
Plant  densities  for  cauliflower  are  15,000- 
35.000  plants/ha;  for  broocoH  similar  or  some- 
what higher  densities  are  applied.  Vegetative 
propagation  of  broccoli  plants  is  possible  by 
rooting  and  transplanting  of  lateral  shoots.  In 

cauliflower  lateral  shfiots  are  not  a\'ailable,  but 
propagation  through  tissue  culture  from  young 
floral  meristems  is  eaqr  to  realize.  This  is  only 
pract  ised  in  breeding  programmes  to  maintain 

selected  plants. 

Management  Soil  preparation  includes 
deep  digging,  mixing  with  compost  or  stable 
manure  (20  t/ha).  followed  by  fitv  tillage.  N'PK 
fertilizers  —  type  and  rates  dependmg  on  soil 
type,  mineral  reserves  in  the  soil  and  expected 
yields  —  are  applied  before  planting;  anm  ln  i 
two  or  three  N  fertilizer  dressings  are  applied 
later  to  stimulate  good  head  formation.  A  high- 
srielding  crop  needs  about  220  kg  N,  26-40  kg  P 
and  2nO-.'^no  kg  K  per  ha.  Nitrogen  deficiency 
at  the  earl>'  growth  stage  will  cause  buttoning': 
stunted  plants  with  reduced  leaf  and  head  de- 
veldpincnt .  Cauliflower  and  bruiroli  have  a 
high  demand  fur  Mg.  Ho  and  Mo.  Ajudiiat ions 
of  dolomite  limestone,  borax  and  ammonium 
molybdate  may  be  necessary  to  prevent  phjrsio- 
logirnl  disorders,  siirh  as  browning  nf  the  head 
and  plants  without  a  heart.  Deficiencies  occur 
more  commonly  on  add  soils. 
A  regular  water  sufiply  is  required  throughout 
the  growing  season,  but  the  heads  of  cauli- 
flower and  broccoli  are  easily  affected  by  fungal 
rots  when  continuously  eiqMised  to  wet  condi- 
tions. Therefore,  the  mature  plant  stage  and 
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harvesting  should  bo  planned  as  much  as  pos- 
sible outside  the  rainy  season  and  overhead 
irrigation  should  be  avoided. 
The  young  crop  should  be  kept  friM-  of  weeds 
Mulching,  e.g.  with  rice  straw,  is  beneficial  to 
^wth  as  it  retains  moisture,  keeps  soil  tem- 
peratures down  and  supprrssfs  Wfcds  ( Growth 
of  the  plant  should  be  regular  and  undisturbed. 
Sudden  increases  in  temperature  or  water 
stress  may  cause  the  formation  of  bracts, 
fuzziness  or  splitting  nf  rnuliflowrr  curds  nnd 
irregular  head  formation  and  premature  tlow- 
ering  in  broccoli.  Maturing  cauliflower  curds 
must  be  protected  &om  direct  sunlit;ht  l)y  cov- 
ering with  brok^-off  leaves  to  prevent  them 
from  turnmg  yellow  andA>r  pink.  Many  modem 
cultivars  are  self-protecting,  i.e.  inner  leaves 
wrap  titrhtly  around  the  curd 

Diseases  and  pests  Diseases  and  pests  are 
similar  to  those  of  cabbage  in  tropical  regions. 

For  importnni  diseases  siirli  as  Fiisariiim  yel- 
lows (Fusariuin  oxyspomm  f.sp.  congUuinans), 
downy  mildew  on  leaves  and  heads  (Perono' 
apora  paraaUica),  black  rot  iXantliomonas 
etunpeatris  pv.  eainpesfn's)  and  club  root  (Plas- 
modiophora  brasaicae),  resistance  or  field  tol- 
erance have  been  found  in  cauliflower  and 

broccoli  acc-(^ssions,  hut  (he  majority  of  present- 
day  cultivars  are  still  susceptible.  A  pH  of  7  is 
recommended  to  prevent  dub  root  damage. 
Other  diseases  causing  problems  are  the  seed- 
home  diseases  black  leg  {f.pplospharria  warn- 
lans;  asexual  form:  Phoma  lingain)  and  Alter- 
naria  blight  (Altemaria  braaaie<te),  and  the  not 

seedhoi-iie  diseases  powdery  mildew  (ErysipJic 
polygoiii),  damping  off  {PyUiium  ultiinum), 
stem  rot  {Rhizoetmiia  aoleuit),  bacterial  soft  rot 
(Eru'inia  carotovora)  as  storage  disease,  cauli- 
flower mosaic  virus  (CaMV)  ami  turnip  mosaic 
virus  (TuMV).  Koot-knot  nematodes  (Meloi- 
dosfnif  an».)  can  be  a  serious  problem  and 
should  be  avoided  by  proper  croji  rotation. 
Important  pests  are  diamondback  moth 
(PiuteUa  xyloateUa),  cut  worm  (Agrotis  spp.  and 
Spodoptera  liltoralis),  cabbage  root  fly  (Delia 
radiciifii).  cabbage  moth  iCrociduluinia  bino- 
talis),  cabbage  bulterlly  {I'ieris  spp.)  and 
aphids  (Aphis  spp.  and  Brwieoryne  brasaicae), 

tbc  vectors  of  Cn\rV  and  Tu\W\  Diamondback 
moth  is  extremely  noxious  because  it  quickly 
develops  resistance  to  many  insecticides,  and 
because  of  the  small  size  of  the  larvae  and  pu- 
pae which  makes  removal  virtually  impossible. 
Methods  of  integrated  pest  management  ap- 
plied to  cabbage  (using  parasitoids,  sex  phero- 
monea,  trap  plants  and  very  restricted  chemi- 


cal control)  can  also  be  effective  in  cauhflower 
and  broccoli. 

Harvesting  Annual  cauliflower  and  broccoli 
are  ready  for  harvesting  60-150  days  after 
transplanting;  some  earlj-  heat-tolerant  culti- 
vars, mainly  Fi  hybrids,  are  even  ready  within 
40-55  days  in  tropical  regions.  Harvesting 
takes  place  over  a  period  of  1-2  weeks.  Modern 
Fi  hybrids  can  be  harvested  in  2-3  cuttings. 
Cauliflower  heads  are  cut  with  sufiGcient 
♦  rimmed  leaves  still  attached  to  protect  the 
curds  during  packing  and  transport.  Broccoli 
heads  are  harvested  with  10-15  cm  of  stem, 
without  leaves. 

Yield  Cauhflower  yields  can  attain  12-30 
t/ha  and  broccoli  yields  10-16  t/ha;  in  the  trop- 
ics the  highest  yields  are  obtained  above  1000 
m  altitude.  Seed  yiekls  are  200-600  kg/ha  in 
t^nperate  climates. 

Handling  after  harvest  Cauliflower  and 
broccoli  heads  will  deteriorate  quickly  unless 
cooled  soon  after  harvesting.  Cauliflower  curds 
can  be  stored  for  about  3  weeks  at  1"C  and  96% 
relative  humidity,  but  storage  li£B  for  broccoli  is 
much  shorter  and  heads  are  usually  wrapped 
in  polythene  film  to  prevent  rapid  desiccation 
and  yellowing. 

Genetic  resources  In  temperal<'  regions  Fi 
hybrids  have  compi<'iely  replaced  the  landraces 
as  well  as  the  open-])ollinated  improved  culti- 
vars of  bolh  cauliflfiwer  and  broccoli.  This  proc- 
ess is  also  taking  place  in  tropical  regions, 
hence  the  need  to  collect  tropical  landraces. 
Germplasm  collections  of  cauliflower  and  broc- 
coli  ;n<'  available  in  several  genebanks.  par- 
ticularly m  Europe,  the  Ignited  States,  India, 
China  and  Japan.  In  Europe  a  Braaaiea  gene- 
bank  has  been  established  in  co-operation  with 
private  companies.  A  central  electronic  cata- 
logue of  the  collections  is  available  at  the  Cen- 
tre for  Genetic  Resources  (CGN),  Wageningen, 

Netherlands.  WTiile  penc  t  ic  erOSion  reduces  llv 
existing  variability,  interspedfic  crosses  within 
the  BraaaietKeae  family  widens  the  genepool 
available  to  breeders. 

Breeding  Fi  hyl)rids  based  on  a  single  cross 
between  two  inbred  lines  are  the  only  goal  of 
the  breeding  programmes  of  seed  companies 
and  most  government  institutes.  T'ntil  recently 
commercial  hybrid  seed  production  was  based 
on  sporoph^'tic  self-incompatibility  (SI),  a  1- 
locus  system  with  multiple  alleles  that  pre- 
cludes self-fertilization  in  most  cauliflower  and 
broccoli.  Exceptions  are  the  annual  cauliflower 
types  developed  in  northern  Ehirope,  which  are 
selected  for  self-fertility  (absoice  of  S-allelea). 
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Bud  pollination  or  treatmpnt  with  COs  (4-7%) 
after  bee  pollination  prevent  the  self  recogni- 
tion reaction.  Tliese  methods  are  used  in  breed- 
ing programmes  to  develop  and  mfiintnin  in- 
bred lines.  Since  about  1995  Fi  hybrids  based 
on  the  81  system  are  gradually  being  replaced 
by  hybrids  based  on  cytoplasmic  male  sterility 
(CMS). 

Inbred  lines  are  increasingly  developed  from 
plants  regenerated  from  anther  and  mirrosiiore 
ruhuros.  DNA-markors  are  used  for  precise 
screening  lor  resistance  to  diseases  and  other 
important  traits.  The  main  breeding  objectives 
include:  curd  quality,  yield,  earliness.  stress 
tolerance  and  resistance  to  diseases.  Some 
breeding  ct)mpanie8  in  Western  countries  focus 
on  increasing  the  content  of  anticarcinogenic 
tjKicdsinolates  in  liroeeoli. 

Prospects  Breeding  companies  and  insti- 
tutes in  India,  China  and  Japan  are  developing 
hi  nt -Inlorant  rultivars.  whirh  will  i-esiiU  in  n 
more  reliable  production  with  better  tjunlity  in 
tropical  conditions.  Considerable  progress  is 
being  made  with  effective  methods  of  inte- 
grated pest  management,  as  in  cabbage,  and 
this  will  reduce  pesticide  use.  Cultivars  resis- 
tant to  fusarium  yellows,  downy  mildew  and 

rliihroot  will  bemme  nvnilahle  uilhin  five 
years.  Resistance  to  black  rot  will  take  another 
five  years.  Consequently,  cauliflower  and  broc- 
coli .11'  I  \])ectrd  to  become  more  important  in 
tropii  nl  Africa.  Informntion  on  rniiliflower  nnd 
broccoli  production  m  tropical  Al'nca  is  scarce, 
but  valuable  data  can  be  found  in  the  Uterature 
from  trn]uc,Ml  Asm 
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BRASSICA  oleraceaL.  (Brussels  sprouts) 

Protologue  Sp.  pi.  2:  667  (1753). 

Family  F^iassicaeeae  (Cruciferae) 

Chromosome  number  2n  -  18 

Vemacular  names  Brussels  sprouts  (En). 
Chou  de  Bruxelles  (Ft).  Couve  de  Bruxelas 
(Po). 

Origin  and  geographic  distribution  The  or- 
igin of  Brussels  sprout. <  lies  in  r?fltiium.  where 
it  wn?  first  menti(jm-<l  at  the  end  of  the  18"' 
Centuiy.  It  spread  I'l-om  there  to  the  rest  of 
north-western  Elurope,  where  it  is  an  impor- 
tant autumn  and  winter  crop  In  tropical  .Africa 
it  IS  very  rare,  only  occasionally  grown  in  the 
highlands  above  2000  m  for  people  of  European 
origin 

Uses  Brussfls  sprouts  is  ijrown  for  the 
enlarged  buds  (sprouts)  formed  in  the  leaf  a.viis 
of  the  erect  long-stemmed  plant.  The  sprouts, 
resembling  veiy  small  rnhhnges  arc  consumed 
as  a  cooked  vegetable  and  mostly  purchased  as 
a  fresh  product,  althou^  in  recent  years  the 
frozen  product  has  gained  in  popularity. 

Properties  The  nutritional  composition  of 
Brussels  sprouts  per  100  g  edible  portion  (69% 
of  the  product  as  purdiased,  base  trimmed, 

outer  leaves  removed)  is;  water  g  energy 

177  kJ  (42  keal),  prutem  3.5  g,  fat  1.4  g,  carbo- 
hydrate 4.1  g,  dietary  fibre  4.1  g,  Ca  26  mg  Mg 
8  mg,  P  77  mg,  Fe  0.7  mg,  Zn  0..^  mg,  carotene 
21.T  pg,  thiamin  0  l.'i  mg  rihollavin  0.11  mg, 
niacin  0.2  mg,  folate  135  pg,  ascorbic  acid  115 
mg  (Holland,  B.,  Unwin,  I.D.  &  Buss,  D.H., 
1991).  niueosinnlates  determine  the  character- 
istic llavour  and  taste. 

Botany  Erect,  glabrous,  biennial  herb  up  to 
120  cm  tall,  with  unbranched  stem,  developing 
lateral  buds  (sprouts)  in  leaf  axil.s:  root  sy.stem 
strong  and  branched.  Leaves  alternate,  simple 
or  lower  ones  with  some  nnall  aide  lobes  at 

base  stipules  absent;  all  leaves  with  distinct, 
petiole,  but  upper  ones  with  short  petiole  giv- 
ing the  top  of  the  plant  a  rosette-like  appear- 
ance; blade  more  or  less  circular,  undulate  or 
irregularly  incised  blue-green  Inflorescence  a 
terminal  punit  ulale  raceme.  Flowers  bise.xual, 
regular,  4-merous;  pedicel  up  to  2  cm  long,  as- 
cending; sepals  oblong,  c.  1  em  long  erect  pet- 
als obovate,  1.5-2  cm  long,  clawed,  pale  to 
bright  yellow  or  whitish;  stamens  6;  ovaiy  su- 
perior, eylindncal.  2-celled,  stigma  globose. 
Fruit  a  linear  silique  5-10  cm  x  c.  5  mm,  with  a 
tapering  beak  5-15  mm  long,  dehiscent,  up  to 
30-seeded.  Seeds  globose,  1.5-2  mm  in  diame- 
ter, finely  reticulate,  dark  brown.  Seedling 
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with  cpigoal  gormmation.  with  a  taproot  and 
latpral  roots;  hypocotyl  3-5  cm  long,  epicotyl 
absent:  cotyledons  with  petiole  1—2  cm  long, 
lihiilc  coi  date.  1-1.6  cm  long,  cuneate  at  base, 
notched  at  apex. 

BrusBels  sprouts  has  been  dassified  as  var. 

geiinnifera  DC.  or  convar.  geiiiiiiifeni  (DC.) 
Gladis.  It  can  best  be  considered  as  a  cultivar- 
group  and  as  such  has  been  called  Brussels 

Sprout  (Iroup. 

Rrccdcrs  ba\i'  ilcvolopod  early  (summor)  mid- 
early  and  late  ^wmter)  types,  and  together  with 
variation  in  planting  time,  growers  in  Europe 
am  plan  the  production  of  MiusjielB  sprouts 
from  the  end  of  August  till  ^larch. 

Ecology  Bmsaels  sprouts  ia  adapted  to  a 
cool  and  rather  humid  climate.  Most  produc- 
tion takes  place  in  coastal  areas  of  north- 
western Europe.  Only  the  early  types  can  be 
cultivated  in  high-altitude  regions  of  the  trop- 
ics or  during  the  winter  season  in  the  subtrop- 
ics. 

Management  Seeds  are  sown  on  seedbeds 
or  modules.  Youn;:;  seedlings  need  shading  to 
prevent  sun  scorch  The  1000-seed  weight  is  .3- 
5  g;  seed  requirement  160—200  g/ha.  Trans- 
planting to  the  field  should  be  done  when  seed- 
lings hav<-  7-!>  true  leaves.  ;?0-40  days  after 
sowing.  Plant  density  is  30,000-40,000 
plants/ha. 

Soil  preparation  includes  deep  digging,  fol- 
lowed by  fine  tillage.  NPK  fertilizers  -  type  and 
rates  depending  on  soil  tj-pe,  mineral  reserv'es 
in  the  soil  and  expected  jrields  —  are  applied 
before  planting:  another  one  or  two  N  fertilizer 
dressings  are  applied  for  continued  growth.  A 
high-yielding  crop  needs  180-200  kg  X,  140  kg 
PandriOOkgKperha. 

A  fill  of  7  is  recoinmended  to  prevent  cliibroot 
damage,  Sowing,  plantmg  and  harvesting  of 
Brussels  sprouts  is  highly  mechanized  in 
Europe  where  the  crop  is  hnn-ested  with  a 
single  cutting.  Home  gardeners,  and  small- 
scale  African  producers,  can  better  harvest  the 
sprouts  in  several  rounds  of  hand  picking  The 
yield  of  early  types  is  about  1  I  t/ha.  Sjnouts 
can  be  stored  under  controlled  conditions  lor  G— 
10  wedcs.  Diseases  and  pests  are  the  same  as 

for  headed  cabbage.  Considornlili ■  propress  is 
being  made  with  effective  methods  of  inte- 
grated -pest  management. 

Genetle  resources  and  breeding  Germ- 
plasm  collections  of  Brussels  sprouts  are  avail- 
able m  several  European  genebanks,  e.g.  at  the 
Centro  for  Goietic  Resources  (CON),  Wagenin- 
gen,  Netherlands.  The  possibiUty  of  interspeci- 


fic hybridization  within  the  DroMicaceae  fam- 
ily makes  the  genepool  very  wide. 
The  main  breeding  objectives  include  quality, 
yield,  earliness  stress  tolerance  and  resistant^ 
to  diseases  (e.g.  dubroot).  Seed  companies  fo- 
cus exclusively  on  the  production  of  single- 
cross  Fi  hybrids,  During  the  last  forty  years 
breeders  have  changed  the  shape  of  the  plants 
from  a  pyramidal  sprout  setting,  with  big 
sprouts  at  the  bottom  and  small  ones  at  the 
top  to  a  plant  type  with  a  cylindrical  sprout 
setting  with  all  sprouts  of  the  same  size,  suit- 
able for  <moe-over  medianical  harvesting.  As  in 
the  other  Brassica  vegetables,  hybrids  based  on 
self  incompatibility  are  now  being  replaced  by 
hybrids  based  on  cytoplasmic  male  sterility. 
Increasingly,  inbred  lines  are  being  developed 
from  anther  and  microspore  cultures.  DNA- 
markers  are  used  lor  precise  screening  for  re- 
sistance to  diseases  and  other  important  traits. 

Prospects  Brussels  s[)nnits  will  remain  a 
rather  insignificant  vegetable  for  tropical  Af- 
rica, unless  heat-tolerant  cultivars  become 
available,  in  which  case  Brussels  sprouts  might 
become  interesting  for  African  highlands  as  a 
high-yieldmg  and  nutritious  vegetable. 

Major  refieretuses  Holland,  B.,  Unwin,  I.D. 
&  Buss  D.H.,  19J)1:  Jansen,  P.C.M  Sn  mon- 
sma,  J.S.  &  Narciso,  J.O.,  1993;  Nieuwhof^  M., 
1969;  Salunkhe,  D.K.  &  Kadam,  S.S..  1998; 
Shinohnra.  S.,  1084. 

Other  references  Buishand  T.,  Houwing, 
H.P.  &  Jansen,  K.,  1986;  Crisp,  P.  et  al.,  1989; 
Pelletier,  G.R.,  1986;  Pelletier.  G.R.,  1989; 
Rubatzky  \' E  &  Yamaguchi.  M.,  1997;  Taylor, 
J.P.,  198id;  Verkerk,  R..  2002. 
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Brassica  OLERAccv  L.  (kuhkubi) 

Protologiie  Sp.  pi.  2:  HOT  (\7^:^). 

Family  Brassicaceae  (Cruciferae) 

Chromosome  number  2n  =  18 

Vernacular  names  Kohlrabi,  cabbage  tur- 
nip knolkhoi  (En).  Ghou-rave  ^r).  Couve  ra- 
bano  (Po). 

Origin  and  geographic  diatefbutkm  The 

origin  of  kohlrabi  lies  in  north-western  Europe, 
where  it  was  developed  from  marrow-stem 
kale,  a  fodder  crop  with  a  thickened  stem.  The 
first  record  dates  from  the  16*^  oentuiy.  Be- 
sides in  Europe,  North  America  and  temperate 
parts  of  Asia,  kohlrabi  is  also  grown  in  sub- 
tropical Asia,  e.g.  in  India,  China  and  northern 
Vietnam.  At  high  elevations  in  East  Africa  it  is 
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occasionally  grown  for  European  clients. 

Uses  Kohlrabi  is  grown  for  the  flattened 
globose  to  ovoid  swollen  stem  (stem  tuber), 
which  is  fuf  in  piefos  nnd  cooked,  bul  also  used 
in  soups  or  eaten  raw  in  salads.  Industrially  it 
is  made  into  deep-frozen  products. 

Properties  Kohlrabi  stem  tubers  (peeled 
thickly,  70%  of  product  as  purchased)  contam 
per  100  g  edible  portion:  water  91.7  g,  energy 
96  kJ  (23  kcal),  protein  I. (5  g,  fat  0.2  g,  carbo- 
hydrnle  .'i.7  p  dietarj"  fibre  2.2  g,  Cn  30  mp  Mp 
10  mg,  P  35  mg,  Fe  0.3  mg,  Zn  0. 1  mg,  carotene 
trace,  thiamin  0.11  mg,  riboflavin  trace,  niacin 
0.3  mg.  folate  82  ng-  ascorbic  acid  43  mg  (Hol- 
land, B.,  Unwin,  l.D.  &  Buss,  D.II.,  1991). 
Kohfa'abi  is  ricb  in  glucosinolates;  properly- 
prepared  it  contains  per  100  g  about  100  mg 
glueosmolates.  mainly  mdolylglucosinolate. 
Glucosinolates  determine  the  characteristic 
flavour  and  taste,  and  are  known  to  have  anti- 

rnrcinopenir  nrtivity. 

Botany  Erect,  glabrous,  biennial  herb  up  to 
40  cm  tall  at  the  mature  vegetative  stage,  with 
unbranched,  swollen,  tuber-like  stem  up  to  12 
cm  in  diameter,  pale  green  to  purplisli  runt 
system  strongly  branched.  Leaves  alternate, 
simple  or  with  some  small  side  lobes  at  base; 

stipules  absent:  all  leaves  with  distinct,  slender 
petiole;  blade  ovate  m  outline,  irregularly  m- 
cised,  blue-green.  Infloresixnce  a  terminal 
paniculate  raceme.  Flowers  bisexual,  regular, 
-l-merous;  pedicel  up  to  2  cm  lonp  asrendinp; 
sepals  oblong,  c.  1  cm  long,  erect;  petals 
obovate,  1.5-2  cm  long,  clawed,  pale  to  bright 
yellow  or  whitish;  stamens  6;  ovary  superior, 


Brcuaiea  oleraeea  (kohlrabi)  -  plant  habiL 
Stmree:  PROSEA 


cylindricnl  2-celled,  stigma  globose.  Fruit  a  lin- 
ear silique  5-10  cm  x  c.  5  mm,  with  a  tapering 
beak  5-15  mm  long,  dehiscent,  up  to  SO-seeded. 
.Seetls  globose,  1  ."-2  mm  in  diameter  finely 
reticulate,  brown.  Seedlmg  with  epigeal  germi- 
nation, with  a  taproot  and  lateral  roots;  hypo- 
cxityl  3-5  cm  long,  epicotyl  absent;  cotyledons 
with  petiole  1-2  cm  long,  blade  cordate,  1—1.5 
cm  long,  cuneate  at  base,  notched  at  apex. 

Kohlrabi  has  been  classified  in  ronvar. 
acppjtala  (DC)  .\lef.,  as  var.  gongylndfs  T.  It 
can  best  be  considered  as  a  cultivar-group  and 
as  sudi  has  been  called  Kohlrabi  Group. 

Ecology  Kohlrabi  is  adapted  to  a  temperate 
climate.  In  north-western  Europe  production  is 
from  Mareii  till  November,  but  in  subtropical 
regions  (e.g.  Vietnam)  it  is  grown  during  the 
iviol  winter  season.  Only  the  early  tyi^es 
adapted  to  summer  conditions  of  temperate 
climates  are  used  for  cultivation  in  high- 
altitude  repions  of  the  tropics  or  in  the  cool 
season  of  the  subtropics. 

Management  Seeds  are  sown  on  seedbeds 
or  modules.  The  1000-seed  weight  is  3-5  g. 
Young  seedlings  may  have  to  be  shaded  to  pre- 
vent sun  scorching.  Seed  requirements  are 
300-700  g/ha.  Transplanting  to  the  field  should 

be  done  when  seerllinps  have  7—!)  Ii'iie  leaves. 
30-40  days  after  sowmg.  Plant  densities  are 
100,000-120,000  plants/ha.  In  medianized 
cultivation  kohlrabi  may  be  sown  direct  at  a 
rate  of  1-2  kg/ha  and  later  thinned  to  a  density 
of  up  to  300,000  plants  per  ha.  Cultivation 
practices  and  use  of  fertilizers  are  comparable 
to  c  iidiriiuver  Diseases  and  pests  are  the  same 
as  tor  the  other  vegetable  Bra^sica  crops.  Kohl- 
rabi should  be  harvested  when  young  (56-66 
days  after  sowing)  as  the  roots  be(f)me  woody 
and  fibrous  with  ape  To  obtain  a  tender  sweet 
product  from  spring-sown  kohh'abi  the  stem 
tubers  are  picked  wh«i  6-6  cm  in  diameter; 
those  of  autiimn-prown  kohlrabi  are  less  likely 
to  become  fibrous  and  can  be  harvested  when 
10-12  cm  in  diameter. 

Yield  for  fresh  market  is  about  t/ha.  but  for 
industry  yields  can  be  achieved  of  100  t/ha. 
Kohlrabi  stem  tubers  can  be  stored  lor  about 
three  weeks  at  0-l*C  and  a  relative  humidity 
of  98%:  topped  ones  may  bo  stored  for  2-3 
months  under  these  conditions. 

Genetic  resourcea  and  breeding  Germ- 
plasm  collections  of  kohlrabi  are  available  in 
several  prnebanks.  In  Europe  a  Brassica  gene- 
bank  has  been  established  in  cooperation  with 
private  companies.  A  database  is  available  at 
the  Goitre  for  Genetic  Resources  (CGN), 
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Wagcningen,  Netherlands. 
Seed  companies  have  developed  Fi  hybrids 
based  on  self-incompatibihty  and  a  .single  cross 
between  two  inbicd  lines,  The  fust  hybrid 
based  on  cj'toplasmic  male  sterility  was  re- 
cently released.  The  main  breeding  objectives 
are  vmitVn mity.  yield,  earliness.  colour  and 
stem  tuber  quality.  Important  cultivars  include 
'Kossak',  'Kolibri  Fi'  and  'Grand  Duke'. 

Prospects  Kohlrabi  is  of  minor  importance 
for  tropicnl  Africa,  hut  introduction  of  hmt 
tolerant  cultivars  (e.g.  from  northern  Vietnam) 
might  lead  to  some  expansion. 

Major  references  Holland.  B.,  L''nwin.  I  D. 
&  Buss,  D.H.,  1991;  Jansen,  P.C.M.,  Siemon- 
sma,  J.S.  &  Nardso.  J.O.,  1993;  Nieuwhof,  M., 
1969:  Oregon  State  University.  2002; 
Salunkhc,  D.K.  &  Kadam  S.S.,  1998. 

Other  references  iiuishand,  T.,  Houwmg, 
H.P.  &  Jans«a,  K.,  1986;  Crisp,  R  et  al,  1989; 
Pellet icr  ';  R.,  1989;  Shindiara,  S.,  1984;  Tay- 
lor, J. P.,  1982. 

Sources  of  illustration  Jansen,  P.C.M., 
Sieiiionsnia.  J.S.  &  Nardso,  J.O.,  1993. 
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BrassicarapaL. 

Pratolocue  Sp.  pi.  2:  666  (1753). 
Family  Brassicaceae  (( 'luciferne) 
Chromosome  number  '2ii  -  20 
Synonyms  Brasaica  caiiipestris  L.  (1753). 
Vernacular  names 

—  Xeep  crops  (En). 

—  Chinese  cabbage,  petsai,  pe-tsai  (En).  Petsai, 
chou  diinois  (Fr).  Couve  petsai  (Po). 

—  Pakchoi.  pak-choi,  celerj'  cabbage,  bok  choi 
(En).  Pakchoi,  pakchoy  chou  de  Shanghai 
chou  chmois  (Fr).  Couve  chinesa,  couve  da 
China  (Po). 

—  I'ai-^in  cii-im  c.ii  xin  choisum,  choi-suni 
(iun).  Choy  sum,  brocoli  chmois  (Fr).  Couve 
dinfloresoenda  (Po). 

—  Turnip  (En)  Navet,  rave  (Fr).  Nabo  (Po). 
Origin  and  geographic  distribiitlon  The 

origm  of  Bra^sica  rapa  is  not  known;  the  area 
extending  from  the  eastern  Mediterranean  to 
Pakistan  and  eastern  China  has  been  sup- 
gested.  Turnip  is  the  oldest  Bmssica  rapa 
vegetable.  It  was  described  at  the  times  of 
Alexander  the  <  u-ciit  (;-..")r,-;^23  HC).  whose  em- 
pire included  the  Middle  East  and  Persia. 
From  there  it  is  supposed  to  have  spread  to 
South-East  Asia  and  Africa  via  trade  routes. 
The  wide  variation  in  Braaaiea  rapa,  together 


Brassiea  rapa  -  planted 

called  neep  crops,  evolved  in  different  parts  of 

the  Eurasian  continent.  Chinese  cabbage  and 
pakchoi  developed  in  temperate  regions  of 
eastern  Asia  and  caisin  probably  in  subtropical 
regions  of  China.  Vegetable  turnip  is  highly 
regarded  in  Japan,  and  rather  popular  in  Eu- 
rope. Oil-seed  types,  mcluding  turnip  rape  and 
the  southern  Asian  crops  sarson  and  toria,  are 
grown  for  rape-oil  wilh  production  centres  in 
India,  Chma,  Canada  and  Australia. 
In  tropical  Africa  Brasaiea  rapa  is  occasionally 
reported  as  a  cultivated  vegetable  in  many 
countries  and  is  likely  to  dccur  in  all  countries. 
Chinese  cabbage  is  most  common,  recorded  as 
locally  rather  popular  e.g.  in  Cameroon  and  DR 
Congo,  followed  by  turnip  whereas  ]iakchoi 
and  caisin  are  Ibund  in  areas  w  ith  people  of 
Asian  origin.  Caisin  has  been  reported  from 
Sierra  Leone  and  is  quite  popular  in  Congo, 
where  it  is  called  'loundif  in  the  I.engvele  lan- 
guage, and  mistakenly  endive  m  l^'rench. 
Brasaiea  rapa  has  also  been  recorded  as  a 

weed  e.g.  in  Eritrea,  Ethioyjia  Tsenya  CiT.inda, 
Tanzania,  Zimbabwe  and  Mozambique,  proba- 
bly as  an  escape  from  cultivation. 
Uses  Braaaiea  rc^Mi  comprises  many  crops 

with  a  variety  of  uses.  Most  important  are  the 
vegetables.   The  ioliage  of  Chinese  cabbage, 

pakchoi  and  caisin  and  the  thickened  taproot  of 

vepetable  fumip  are  used  as  vc^i .ililes.  They 
are  consumed  boiled,  in  soups,  fresh  m  salads, 
or  stir-fried  in  q>edal  dishes.  Caisin  plants  are 
often  consumed  in  the  flowering  stage,  Wlien 
stir-fried  the  smooth  and  tender  petioles  and 
peduncle  retain  a  pleasing  crispness.  Chinese 
cabbage  and  pakchoi  leaves  are  also  eaten  pick- 
led. In  Eur(q>e,  q>edal  cultivars  of  turnq)  are 
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important  as  fodder  crop.  Drassira  rapa  oil 
crops  are  of  no  importance  in  tropical  Africa, 
but  may  be  important  elsewhere,  e.g.  in  India, 

Canada  and  France,  tojiether  with  ouIfivMi  s  of 
Bmaaica  juncea  (L.)  Czern.  and  Braasicxi  iiapus 
L. 

Production  and  international  trade  Chi- 
neae  cabbage,  pakchoi  and  caisin  are  leading 
market  vegetables  in  China,  Japan  and  South- 
East  Asia,  grown  on  more  than  500,000  ha. 
Vcgctablo  turnip  is  rnthrr  importnnt  in  Jnpnn 
and  Europe.  In  tropical  Africa  Chinese  cabbage 
and  turnip  are  rather  common  in  city  markets, 
but  pakchoi  and  caisin  are  of  minor  importance. 
All  Bmaaica  rapa  types  are  grown  occasionally 
for  specialized  markets  in  major  cities  for  con- 
sumers  of  Asian  and  -  to  a  lesser  degree  - 
European  origin.  Nu  statistital  data  on  yield 
and  trade  are  known,  but  international  trade 
is  probably  limited  to  some  occasional  export 
frnm  East  Africa  to  Europe  and  Arab  coun- 
tries. 

Properties  The  nutritional  composition  of 
Chinese  cabbage  is  per  100  g  edible  portion 
(93%):  water  911  ^  energy  67  kJ  (16  kcal), 
protein  1.2  g,  I'al  0.2  g,  carbohydrate  3.2  g,  die- 
taiy  fibre  1.2  g,  Ca  77  mg,  Mg  13  mg,  P  29  mg, 
Fe  O.l'.l  mu,  Zn  0  2.^  mg  vitamin  .\  ;^18  IT 
thiamm  0.U4  mg,  riboflavin  0.05  mg,  niacin  0.4 
mg,  folate  79  \ig,  ascorbic  acid  27  mg.  Raw  pak- 
choi  contains  per  100  p  edible  portion  (88%): 
water  95.3  jf,  energi,-  rt  \  k.l  (  ]:'■  kcal)  protein  1.5 
g,  fat  0.2  g,  carbohydrate  2.2  g,  dietary  fibre  1.0 
g,  Ca  105  mg,  Mg  19  mg,  P  37  mg,  Fe  0.8  mg, 
Zn  0  2  mg  vitamin  A  1  168  IV.  thiamin  0.04 
mg,  riboflavin  0.07  mg,  niacin  0.5  mg,  folate  66 
^g,  ascorbic  acid  46  mg.  The  nutritional  compo- 
sition of  turnip  root  s  is  per  100  g  edible  portion 
(81%):  water  02  g  energy  1  17  kJ  (28  kral),  pro- 
tein 0.9  g,  fat  0.1  g,  carbohydrate  6.4  g,  dietary 
fibre  1.8  g,  Ca  30  mg,  Mg  11  mg.  P  27  mg,  Fe 
0..3  mp  Zn  0  ll  mg  vitamin  A  absent,  thiamin 
0.04  mg,  riboflavin  0.03  mg,  niacin  0.4  mg, 
folate  15  \ig,  a8coibicacid21  mg  (USDA,  2002). 
Leaf  and  root  extracts  oE Bixissica  rapa  showed 
ani  iliacterial  and  antifunu'al  ad  n  il  u  s 

Description  Erect,  annual  to  bteiuiiul  herb 
up  to  1.5  m  tall,  with  stout  taproot,  sometimes 
partly  swollen  (turnip);  stem  brnnrhed  T. eaves 
arranged  spirally  but  in  a  rosette  durmg  the 
vegetative  stage;  stipules  absent;  lower  leaves 
more  or  less  petiulate.  pinnately  parted  with  1— 
5  pairs  of  small  lateral  lobes  and  large  termi- 
nal lobe  up  to  90  cm  x  35  cm,  crenate,  toothed, 
sinuate  or  entire,  usualfy  hairy;  stem  leaves 
pinnately  parted  to  simple,  dating  at  base. 


Pira.s.v'ca  rapa  1,  plaiU  li'ihif  of  liirnip;  2, 
plant  habit  of  caisiii;  3,  plant  habit  uf  Chinese 
eahbagc;  4,  head  of  Chinese  aAhage;  5,  plant 
habit  of  pakchoi. 

Redrawn  and  adapted  by  lakak  Syammdin 
glabrous,  glaucous.  Inflorescence  a  terminal 

uml)el-like  |-aeeme  up  to  60  cm  lt)ng,  with  open 
flowers  overtopping  the  buds,  elongating  in 
fruit.  Flowers  bisexual,  regular,  4-merou8; 
pedict^l  up  to  3  cm  long,  ascrading;  sepals  5-8 
mm  long,  spreading,  yellow-gi-een:  petals 
obovate,  0.5-1  cm  long,  clawed,  bright  yellow; 
stamois  6;  ovary  superior,  qrUndrieal,  2-celled, 
.stigma  globose.  Fruit  a  linear  silique  4—10  em  x 
2-4  mm,  with  a  tearing  beak  0.5-3  cm  long, 
dehiscent,  up  to  SO-seeded.  Seeds  globose,  1- 
1.5  mm  in  diameter,  finely  reticulate,  dark 
brown.  Seedling  with  epigeal  germination  with 
a  taproot  and  lateral  roots;  hypocotyl  c.  5  cm 
long,  epiootyl  2-4  mm  long;  cotyledons  with 

petiole  c.  2  rm  long  blade  cordate,  1—1,6  cm 
long,  cuneate  at  base,  notched  at  apex. 

Oilier  botanical  information  The  tax<m- 
omy  of  Ihd.s.'iiva  rapa  is  confused.  Several  in- 
frnsperirir  classifications  hove  been  proposed, 
each  trying  to  capture  the  wide  variation  of  the 
cultivated  taxa  in  one  taxonomical  syeAem,  the 
result  always  being  imsatisfactoiy.  A  dassifi- 
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cotion  in  cultivar-groups  has  been  mode  and  of 
the  approximately  12  distinguished,  the  follow- 
ing are  of  at  least  some  importance  for  tropical 

Africa : 

—  Chinese  Cabbage  (iroup  tsynonym:  Bmssica 
pekinensia  (Lour.)  Rupr.):  producing  short 
barrel-shapi'd  to  Innt;  tdrpedo-shaped  heads, 
more  or  ]ea&  tight  but  never  as  tight  as  in 
Brassiea  oleraeea  L.  (headed  cabbage). 

—  Pak  Choi  Group  (synonym:  Brasaica  rhiiien' 
si.i  I,.):  proHurinp  n  \oo9o  vosr-fte  of  leaves, 
petioles  enlarged,  flattened,  fleshy. 

—  Caisin  Group  (synonjrm:  Braaaiea  paro' 
chineusis  L.H, Bailey):  producing  a  loose  ro- 
sette svith  orbicular  basal  leaves,  hardly 
winged  petioles  and  non-clasping  stem 
leaves,  plants  harvested  before  flowering  or 
when  the  first  flowers  appear 

—  Vegetable  Turnip  Group:  producing  a  swol- 
len root  (hypoootyl),  varying  in  shape  from 

flntlcnod  [;lnhosn  to  ellipsoid  nnd  rj'lindtirnl 
blunt  or  sharply  pointed,  and  in  colour  fi-om 
white  to  pink  or  yellow,  apex  white,  green, 
red,  pink  or  bronze,  leaves  sometimes  also 
used  as  a  vegetable. 
Several  other  groups  of  oriental  vegetables  are 
part  of  Braaaiea  rapa  but  are  practically  un- 

l<n(j\\n  in  Africi  Thcsc>  include  the  lonfy  vope- 
tables  Mxzuna  Group,  Neep  Greens  Group  and 
Taatsai  Group. 

Growth  and  development  Braaaiea  rapa 
seed  has  no  dormnnc}',  but  it  is  advisable  to 
wait  lor  at  least  one  week  after  seed  diying 
before  sowing.  The  seeds  require  3-6  days  to 
igi'it!iin.itf>  under  optimum  soil  moisture  and 
temperature  (20— 25°C).  Germinnlmn  is  not 
influenced  by  light.  Braaaiea  rapa  pUmts  can 
be  vemaUzed  by  low  temperatures  at  a  young 
stage. 

Chinese  cabbage  seedlings  normally  develop  5 
leafe  in  two  whorls  (early  type)  or  8  leaves  in 

thrrp  whorls  (Inte  typo).  .\f  this  stnpo,  when 
the  leaves  are  still  horizontal,  the  plants  are 
transplanted  to  the  field.  New  inner  leaves 
then  start  to  grow  more  upright  IIt  ;idmg  can 
start  fit  the  12**>  leaf  stage  fur  <  ;irl\  c  ullivars 
and  at  the  25"'  leaf  stage  for  late  ones.  The 
heads  can  be  harvested  40-80  days  after  sow- 
inp  Tn  ronipnrison  with  rnrly  rultivnrs  Into 
ones  have  both  more  and  larger  non-headmg 
leaves  and  more  leaves  forming  the  head  (up  to 
100  leaves  for  late  types),  Bolting  starts  with 
elongation  of  the  thick  short  stem  while  flower 
buds  develop.  Biennial  types  bolt  after  a  period 
of  relatively  low  temperature. 
Pakchoi  ia  non-headed.  The  first  two  true 


leaves  arc  opposite,  later  leaves  are  arranged 
spirallj'.  At  the  harvest  stage  (after  10—15 
days)  a  plant  will  have  about  30  leaves:  10  ju- 
vi  nilo   14  fully  eiqpanded  and  6  small  inner 

leaves. 

Caisin  has  a  small  number  of  large  eUiptical 

leaves  (111  ii  relatively  thin  ■^fom.  It  bolts  30-80 
days  after  sowmg  and  boltmg  is  less  tempera- 
ture-dependent than  in  Chinese  cabbage. 
Turnip  can  be  frost  (olerant  and  is  able  to  ger- 
minate far  below  the  optimum  tompornture 
(startmg  5  "C).  In  3  weeks  the  plant  develops  a 
strong  taproot,  5-7  leaves  and  becomes  10-15 
cm  tall.  Part  <rf  the  root  but  mainly  the  hviio- 
cotyl  will  thicken  as  storage  organ.  In  plants 
leas  than  10  weeks  old,  bolting  can  be  induced 
by  a  few  nights  under  3°C.  Older  plants  require 
several  weeks  of  low  temperatures. 
Like  all  Braxsica  species  Bmssica  rapa  has  a 
strong   taproot    and    an    extensive  finely 

hrnnc-hed  root  system  primnrily  rontine  in  the 
top  40  cm  of  soil.  In  the  generative  stage  the 
root  sjrstem  becomes  much  more  extensive.  The 
plants  are  cross-pollinated  by  inst*  i  ~  -in  h  as 
honeybees.  After  fertilization,  the  slender 
fruits  develop  rapidly  and  reach  full  length 
some  3  weeks  later  and  are  ready  for  harvest 

aflc^r  another  2  weeks 

Ecology  Caisin,  pakchoi  and  a  limited  num- 
ber of  cultivars  of  Chinese  cabbage  are  nor- 
mally grown  at  low  elevations  in  the  tropics. 
Turnip  and  most  cultivnrs  nl"  Chim'se  <  al>bnce 
perform  better  in  tropical  highlands,  above  800 
m  altitude.  High  temperatures  can  cause  'tip 
bum'  and  previ  nt  head  formation.  High  <lay 
and  low  mpln  temperatures  promote  heading. 
Some  turnip  and  calsin  cultivars  can  tolerate 
light  frost.  Most  cultivars  of  vagetable  turnip 
are  bionninl  m  temperate  areas  requiring  a 
cold  mduction  for  bolting  of  about  6  weeks  be- 
low 10*C.  This  condition  can  be  met  in  East 

.Africa  aho\"e  2000  m  but  in  most  cases  the 
seed  is  imported.  Caisin  can  be  grown  year 
round  for  its  leaves  and  tender  young  inflores- 
cences in  subtropical  and  tropical  regions,  indi- 
cating thiit  flower  induction  is  not  influenced 
by  temperature,  but  there  is  a  tendency  to- 
wards faster  bolting  during  long  days.  Braaaiea 
rapa  plants  have  a  high  wafer  requirement, 
but  do  not  tolerate  flooding.  They  prefer  a  well- 
drained  fertile  clay-loam  soil  with  a  pH  of  5.5— 
6  .")  A  high  level  of  organic  matter  will  benefit 
the  plants  and  bnlance  the  availability  of  es- 
sential elements.  I'lants  are  sensitive  to  salin- 
ity. 

In  East  and  southern  Africa  Braaaiea  rapa 


BRASSICA  149 


occurs  locally  as  a  weed  on  waste  places  and 
along  roads  at  1500-3000  m  altitude. 

Propagation  and  planting  Seed  produc* 
tioii  ul"  Biii.i.'<i<  n  rapii  i<  nni-m.'i]l\  dniic  outside 
the  lowland  humid  tropics.  Vernalization  is 
easier  and  plants  tend  to  bolt  faster  under 
cooler  and  l<ini;t  r  djtys.  Early  bolting  reduces 
the  duration  and  cost  of  a  seed  crop.  Also, 
many  diseases  occurring  in  the  (humid)  tropics 
cause  fewer  problems  in  cooler  seed  production 
areas.  Dry  seeds  (less  thnn  7%  moistujv  eon- 
tent)  can  be  stored  at  20°C  for  at  least  5  years 
without  loss  of  viability.  FV>r  open-pollinated 
cultivars  of  Chinese  cabbage,  caisin  and  puk- 
choi,  seed  yields  of  1500  kg/ha  can  be  achieved, 
and  hybrids  can  yield  600-700  kg/ha.  Decapita- 
tion of  newly  bolted  plunts  stimulates  the  de- 
velopment of  axillary  bmls  and  increases  seed 
yield.  For  hybrid  seed  production,  a  male  ster- 
ile or  self-incompatible  female  parent  is  used. 

Cnmniprrial  seed  is  sirndrd  for  good  and  uni- 
form germination.  On  average  larger  seeds  give 
faster  germination  and  more  vigorous  seed- 
lings. 

Pcfnrc  sowing  seed  may  be  treated  with  hot 
water  or  a  chemical  such  as  thiram  or  hy- 
podilorite  to  prevent   seedbome  diseases. 

Plants  can  be  direct  seeded  (sowing  depth  (! 
mm),  raised  in  densely  sown  seedbeds  or  raised 
in  pots  or  trays  for  transplanting  to  the  field. 

For  plants  raised  in  seedbeds  or  trays,  water 
sokililc  lVrtdi7<T  (75  ppm,  XPK  20-120-20)  ran 
best  be  added  to  the  irrigation  water  given  in 
the  early  morning.  In  the  early  stage  seedlings 
may  require  light  shadiny  ll\l>n<ls  (mainly  of 
Chinese  cabbage)  are  transplanted  due  to  the 
much  higher  seed  cost.  For  Chinese  cabbage 
the  1000-8e<Hl  w<>ight  is  2-4.5  g  and  seed  re- 
quirement 10-1)00  g/lia  if  transplanted  and  up 
to  5  times  as  much  if  directly  sown.  Plant  den- 
sity depends  strongly  on  the  cultivar  grown 
and  planting  method  used,  but  is  usually 
60,000^0,000  plants/ha.  Seedlings  are  trans- 
planted 20-30  days  after  sowing,  in  the  late 
afternoon,  and  in  rows  30-50  cm  ip-u  t  and  50 
em  between  rows.  Planting  holes  may  be 
treated  with  fungicides  before  transplanting  to 
prevent  damping  off. 

Caisin  and  pakrhoi  are  normally  direct  sown 
into  the  field  in  rows  20  cm  apart  or  broadcast 
on  raised  beds.  The  1000-seed  weight  is  2  g  and 
the  -  .  d  1 '  <iuirement  6-10  ku'lia,  Seeds  are 
covcn  d  with  a  thin  layer  of  snil,  rice  straw  or 
husk,  and  kept  moist.  Plants  are  thmned  to  1 
plant  per  10  cm  after  about  two  wedcs.  In  the 
first  2^  weeks  regular  weeding  is  needed.  If 


raised  in  seedbeds  or  trays,  plants  can  be 
transplanted  about  15-20  days  after  sowing. 
Turnip  is  thinly  sown  in  drills  30  cm  apart;  the 
seedlings  are  thinned  to  15  cm  apart  in  the 
row. 

Management  The  plants  are  grown  on 

ridges  or  raised  beds.  Beds  can  be  mulched 
with  straw  or  plastic  to  reduce  weed  growth 
and  retain  moisture  in  the  soil.  The  soil  should 
b<>  fine  and  well  manured  (20-50  t/ha).  Gkod 
drainage  especially  during  the  rainy  season  is 
essential.  The  first  3-^1  weeks  the  crop  needs 
regular  weeding.  The  mineral  uptake  is  rather 
high  .A  Bnissica  rapa  crop  yielding  25  t/ha 
requires  per  ha  150-200  kg  N,  15-20  kg  P  and 
100-150  kg  K.  For  a  correct  fertilizer  use,  soil 
analyses  are  essential,  combined  with  crop  and 
eultivar  requirements.  Fertilizer  is  normally 
given  in  a  few  steps.  It  is  advised  to  give  3.5 
kg/ha  of  boron  (Borax)  before  planting.  Asian 

growers  give  fast -grrnving  crops  foliar  fertilizer 
including  calcium  and  boron  once  a  week. 
Crops  in  the  tropics  often  suffer  from  lack  of 
micnmutriaits  resulting  in  yield  loss  and  in- 
creased disease  incidence.  Watering  should  be 
done  as  required  to  keep  the  roolmg  zone  at 
66-86%  field  capacity.  Gradual  dosage  of  water 
.and  nutrients  as  in  modern  cult i\rit ion  (drip- 
tape,  drippers,  sprinklers)  will  mcrease  yield 
and  can  reduce  the  spread  of  diseases  with  the 
irrigation  water  In  seed  production  it  is  impor- 
l.Hit  to  stipjily  >ulTicjent  boron  (up  to  10  kgi'ha). 

Diseases  and  pests  Many  diseases  attack 
Brassiea  n^a  in  tropical  areas.  Grey  leaf 
tnfiuld  {Altertiana  braaaicae.  Altornana  i-iifi- 
nans)  and  downy  mildew  {Peroiioapora  paixi- 
aitiea)  can  be  controlled  by  fiingicides  and 
growing  tolerant  cultivars.  Anthracnose  (Co/te- 
totrirliii III  hi<^iiiiiffsi'riniiin)  is  a  serious  leaf  dis- 
ease of  Brassiea  species,  e.g.  in  Cote  d  Ivoire. 
Bacterial  soft  rot  (Brwinia  earotovora)  occurs 
under  hot  humid  conditions;  its  incidence  can 
be  reduced  by  increasmg  soil  pH  (liming).  Stor- 
age rots  caused  by  Envinia  can  be  controlled  by 
alum  powder.  Black  rot  (Xanthomoiias  campea- 
liis  pv.  cniiipcitn's)  vim  be  controlled  by  the  use 
of  disease-free  seeds  and  seedlings,  by  plantmg 
cultivars  with  a  high  level  of  tolerance  and  by 
avoiflint:  r>verhead  irrigation  Club  rout  [Pins- 
modiophora  brasaicae)  has  been  spreadmg  fast 
during  recent  decades  and  has  become  a  detri- 
mental disease  in  African  highland  an  a><  It  is 
often  introduced  with  soil  on  roots  of  trans- 
plants from  other  mfested  areas  and  can 
spread  rapidly  with  irrigation  water.  Once  it  is 
established  it  can  only  be  eradicated  by  grow- 
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ing  non-host  {non-Drassica)  crops  for  at  least 
five  years.  Damage  can  be  reduced  by  wide 
crop  rotation,  eradication  of  cruciferous  weeds 
(.'tlti'rnative  hosts),  by  liming;  nnil  Hvoidint;  cul- 
tivation on  soils  with  pH  <  6.5;  a  new  control 
method  is  adding  antagonistic  soil  fiingi 
(Tn'choderma,  Morlierella  spp.).  A  few  culti- 
vars  of  Chinese  cabbage  appear  to  have  some 
resistance  to  some  races  of  the  pathogen,  but 
high  levels  of  durable  resistance  are  not  yet 
nvailnblo.  Ofhor  noxious  fungal  flisoasrs  nrc 
ruigspot  {Mycosphaerella  brassicicola)  and 
cabbage  yellows  {Fuaarium  oxyspomm),  whidi 
can  ho  runtiollcd  by  crop  rotation  and  resistant 
cultivars.  Cauliflower  mosaic  virus  (CaMV) 
and  turnip  mosaic  virus  (TuMV)  can  be  pre- 
vented by  control  of  the  aphid  vectors  and  by 
eradic'Htint;  hosts  like  wcfdv  Bidsstca  species. 
The  moHt  important  pest  oi  Brasaica  rapa  is 
diamondback  moth   (IHutelia  xylostella)  of 

whirh  rhrmiral  control  is  inrrcnsinply  inoffoc- 
tive  because  of  the  quick  build-up  of  resistance 
to  all  except  neem-based  insecticides,  whereas 
biological  control  with  sex  pheromones  and 
parMsitoids  <Jh'a/lr<>iiia  semiclaiisu  iii  Apaiilok's 
pluteHae,  Diudruinus  coUaria  and  Oomyzua 
aekolowaki)  is  promising.  Other  insect  pests  are 

Iraf  Webber  {Crocidolniuia  lu'nolalis)  web 
worm  (Helluta  undalia)  particulai-iy  in  south- 
em  Africa,  cut  worm  {Spodoplera  littoralia), 
flea  beetle  (Phyllotrda  spp.)  .md  cabbage  but- 
terfly (Piivia  ranidin)  The  cabbage  aphid  (Bre- 
l  icoryiie  brassicae)  is  vector  of  mosaic  viruses; 
spraying  is  advised  if  more  than  two  percent  of 
plants  :ii<'  infested  with  aphids. 

Harvesting  Leafy  vegetables  are  best  har- 
vested early  in  the  morning.  Chinese  cabbage 
heads  are  harvested  when  compact  and  firm, 
40— 7.'5  days  after  .^owine  (tropical  cultivars 
after  40-55  days).  The  plant  is  cut  at  the  base, 
keeping  the  head  intact.  A  few  outer  leaves  are 
sometimes  kept  for  protertion  dxiring  trans- 
port. Hj'brids  can  be  harvested  once  over,  but 
heads  of  open -pollinated  cultivars  are  diedced 
for  maturity  and  harvested  in  a  few  rounds. 
Pakehoi  may  be  harvested  as  early  as  .3  w  eeks 
after  sowing,  but  is  usually  harvested  LIO— 4o 
days  after  sowing.  Plants  left  in  the  field  too 
long  lose  qunlity  fast  due  to  .soft  rot  or  bolting 
Caisin  is  harvested  just  before  the  flowers  open 
or  at  the  maximum  size  of  the  plant  just  before 
bolting  starts,  generally  30-80  days  after  sow- 
ing. In  the  lowland  eidtivars  are  normally  har- 
vested several  times  during  a  period  of  30—45 
days  after  sowing.  Late-bolting  caisin  Iqrbrids 
are  suitable  for  once-over  harvesting.  Plants 


are  uprooted  or  cut  at  the  base  and  packed  in 
small  bundles. 

Turnip  can  be  harx  esf  ed  after  35  days  for  the 
earliest  hybrids,  after  up  to  80  days  for  later 
types.  Depending  on  the  cultivar,  the  swollen 
taproot  is  5-10  cm  in  diameter  when  ready.  It 
is  separated  from  the  leaves  (topped)  or  packed 
and  sold  in  bundles.  In  older  plants,  quahty 
and  taste  of  the  turnip  deteriorates  fast. 
In  st  f  .]  production,  plants  are  severed  at  the 
base  u  In  n  n  noticeable  proportion  (about  80%) 
of  the  Iruits  have  turned  orange-brown;  the 
firuits  should  not  yet  split  when  rubbed  be- 
tween the  hands.  Plants  are  bundled  and  hung 
on  a  pole  for  after-rq>ening  and  drying  for  one 
wedc.  Then  the  fruits  are  threshed  and  sieved 
with  1.3-3.0  mm  sieves,  and  the  seed  is  dried 
in  the  sun.  Healthy  fully  sun-dried  seed  (12% 
moisture  content)  should  sink  in  water. 

Yield  The  yield  of  Chinese  cabbage  varies 
widelj-  according  to  crop  rind  m.itiii-ity  fiiM'iod, 
30-50  t/ha  of  fresh  product  being  the  range  for 
well-grown  cn^.  Caisin  can  yield  20-45  t/ha 
in  intensive  cultivation.  Highest  yields  can  be 
achieved  in  very  dense  fields  with  large  nitro- 
gen applications.  Pakehoi  yields  10—30  t/ha 
depending  on  cultivar  and  time  of  harvest. 
Turnip  yields  12—2.^  t.'lin  in  the  United  Stati  s 
Normally  the  swollen  taproot  is  no  more  than 
30%  of  the  total  weight  of  the  plant. 

Handling  after  harvest  I  n  li  r  ambient 
conditions  harvested  Chinese  cabbage,  caisin 
and  pakehoi  plants  have  a  very  limited  shelf 
life.  The  produce  should  reach  the  maricets  on 
the  second  day  after  harvesting  at  the  latest 
In  some  cases  the  outer  leaves  of  the  head  can 
be  peeled  off  and  the  head  still  be  sold  after  2— 
3  days.  Storage  on  ice  may  cause  chilling  in- 
jury Chinese  cabbage  heads  can  be  .stored  for 
3-6  months  at  0°C  without  freezing  and  98- 
100%  relative  humidity.  The  heads  of  some 
cultivars  are  rhillini:  s(  nsiti\e  .-iml  shnuM  be 
stored  at  slightly  higher  temperatures.  Storage 
in  perforated  polyethylene  bags  can  extend 
shelf  life,  as  can  storing  the  heads  upside 
down  In  general,  plants  grown  during  cooler 
weather  and  plants  with  firmer  heads  store 
better.  Harvested  caisin  plants  can  best  be 
stored  nt  n-.''i°C  at  05%  relative  humidity.  Be- 
cause of  its  general  tenderness,  it  is  not  suited 
to  pickling  or  other  post-harvest  processing. 
Turnip  is  not  sensitive  to  chilling  injun,'  and 
can  be  stored  for  I  o  months  at  0°r  at  90-0.5% 
relative  humidity.  During  cooling,  the  tempera- 
ture should  he  reduced  gradually  to  prevait 
craddng.  Turnip  is  also  pidded  and  slices  are 
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deep  frozen,  or  dried. 

Genetic  resources  The  largest  variation  in 
Chinese  cabbage,  pakchoi  and  caisin  is  fouml 
in  rlunn  Thr  tcmlenry  is  fur  the  niiiny  Ijiml- 
races  to  be  replaced  by  a  lew  improved  euhi- 
vars.  The  collection  of  African  landraces  of 
Chinese  cabl);if;i'  <■  k  fnrm-saved  seed  of  old 
introductions  in  Cameroon  and  Congo,  might 
be  of  interest  for  future  bzeeding.  Many  eulti- 
vars  of  turnip  can  be  found  in  Europe  nmi  'Im- 
pan.  The  Chinoso  .Acadnmy  of  Agricultural 
Sciences  (CAAS)  at  Beijing,  the  Asian  Vegeta- 
ble Research  and  Development  Center 
(AVRDC)  in  Taiwan,  the  Institute  .if  Horticul- 
tural Research  at  Wellesboume,  United  King- 
dom, the  United  States  Department  of  Agricul' 
ture  (USDA)  and  the  National  Institute  of 
Agrobiological  Kesejiith  at  Tsubaka,  Japan 
hold  large  Braasica  rapa  collections. 

Breeding  Breeding  of  Chinese  cabbage  has 
roreivod  much  attention  from  .WTvDC  (Taiw.in) 
and  from  Asian  seed  companies.  In  the  tropics, 
breeding  is  limited  by  difficult  vernalization  at 
ambient  temperatures.  If  flowering  can  be  in- 
duced in  the  field,  plants  are  bagged  for  con- 
trolled pollination.  If  flowering  has  to  be  m- 
duced  artificiaUy,  plants  are  dug  out  and  ver- 
nalized in  cold  rooms  Pnrt  of  the  head  may  be 
cut  to  make  boltmg  easier.  Brasaica  mpa 
plants  show  inbreeding  depression  and  clear 
heterosis  in  hybrids.  Fi  hybrid  breeding  using 
self-incompatibility  sinrlofi  in  the  lOoOs.  Both 
genetic  and  cytoplasmatic  male  sterility  occur 
naturally  in  Brasaica  specie.  Csrtoplasmatic 
male  sterility  is  now  widely  usr-d  to  produce 
hybrids,  systems  based  on  genetic  male  steril- 
ity being  impractical  and  costly.  Anther  micro- 
8pon>  culture  is  used  for  the  fast  creation  of 
completely  homn/ygous  lines  The  breeding 
efforts  resulted  m  early  producing  Fi  hybrid 
cultivars  for  tropical  lowland  conditions,  that 
combine  medium  firm  bends  with  beat  toler- 
ance and  resistance  to  major  diseases  (soft  rot, 
anthracnose,  downy  mildew,  leaf  spot,  viruses). 
In  caisin,  hybrids  are  still  of  lesser  importance, 
the  ad\;intages  over  open-pollinated  cultivars 
being  minor.  Many  improved  cultivars  are  sold 
in  large  quantities  in  South-East  Asia  and 

southern  China.  Several  breedint,'  compnnies 
(Japan,  China,  Taiwan,  Thailand)  have  small 
breeding  programmes  offering  a  wide  variety  of 
plant  types.  Some  seed  traders  in  Hong  Kax^ 
offer  good  open-pollinated  selections  especially 
in  the  early  bolting  types.  East-West  Seed 
Company  is  the  leading  supplier  of  the  late 
bolting  type  (Tosakan')  uaed  in  South-East 


Asia. 

Pakchoi  breeding  is  concentrated  in  Japan  and 
China,  and  improved  open-pollinated  and  hy- 
iuid  cultivars  are  uiTered.  Mushashino  Seed  is 
a  leaduig  supplier  of  tropical  hybrids.  Turnip 
breeding  is  mainly  done  by  European  and 
Japanese  seed  companies  and  many  cultivars 
are  available,  but  none  are  especially  adapted 
to  tropical  conditions.  Brassica  rapa  breeding 
programmes  especially  for  tropical  Africa  have 
not  yet  been  reported,  the  activities  being  lim- 
ited to  cultivar  testing  of  Asian  and  European 
introductions. 

Prospects  In  tropical  Africa  the  only  impor- 
tant Braasica  rapa  crop  is  Ciiinese  cabbage  and 
interest  in  it  is  increasing.  Research  on  its 
breeding  and  agronomy  for  African  oonditioas 
merits  attention.  Pakchoi  and  caisin  are  pro- 
ductive tropical  leaiy  vegetables  with  an  e.xcel- 
lent  nutritional  value;  they  are  relatively  easy 
to  grow  and  worth  promotion.  Timiip  is  letSS 
adapted  to  the  tropics  and  not  easy  to  grow, 
and  is  likely  to  remain  a  minor  vegetable  in 
Africa . 
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CANAVALIA  GLAOIATA  (Jacq.)  DC. 

Protologue  Prodr  2:  101  (182.j), 

Family  I  'apilionaceae  (Leguminosae  -  PapiUo- 
noideae,  Pabaoeae) 

Chromosome  number  2ii  -  22,  I  I 

Vernacular  names  Sword  bean,  sword 
jackbean,  Japanese  jadcbean  (En).  Pois  sabre, 
pois  sabre  rouge,  ham  >t  sabre  (Fr).  Pava- 
oontra  (Po).  .Vlwingasiatu  mbwanda  (Sw), 

Origin  and  geographic  distribution  Sword 
bean  is  only  known  cultivated  and  naturalized. 
Its  origin  ia  in  the  Old  World  tropics  and  it  was 
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Ccuiavalia  gladiaia  -  planted 

probably  domesticated  in  eastern  Asia.  The 

\\  iclf'  dispersal  in  historic  times  is  tliniitjlit  to  bo 
partly  due  to  cart^  mg  the  remarkable  seeds  as 
curios. 

Uses  In  Madagiis(-;ir  the  young  green  fruits 

and  immature  st-eds  of  sword  bean  are  used  as 
a  couked  vegetable.  Sword  bean  is  eaten  in 
Tanzania,  where  the  Swahili  expression  'eating 

sword  benn'  means  being  happy'.  Use  of  (he 
fruits  and  immature  seeds  is  also  reported 
from  Sri  Lanka,  India,  Indonesia,  China,  Korea 
and  Japan.  Sword  bean  is  further  planted  as  a 

forntre  and  rover  crop.  The  ripe  seeds  enn  he 
eaten  alter  cookmg,  but  onlj'  alter  removmg 
the  seed-coat  and  several  changes  of  water. 

The  seed  is  used  as  feed  fnr  r  jittle  and  chicken, 
but  if  eaten  m  considerable  quantity  dry  seeds 
may  cause  poisoning,'-  Sword  bean  is  grown  as 
an  ornamental  climber  on  fences  and  houses. 
Urease  is  oxtrnrted  from  the  seed;  it  is  used  in 
clinical  laboratories  lor  the  iii-vitro  determina- 
tion of  urea  in  human  blood.  In  Korea  it  is  used 
in  the  treatment  of  wimitinp;,  abdnminal 
dropsy,  kidney -related  lumbago,  asthma,  obe- 
sity, stomach-ache,  dysentery,  coughs,  head- 
ache, intercostal  neuralgia,  epilepsy,  schizo- 
phrenia, inflammatorj'  diseases  and  swellings. 
In  Japan  it  is  effective  in  treating  ozena, 
haemorrhoids,  pyorrhea,  otitis  media,  boils  and 

(-.•inrcrs  al!  Isinils  of  infl.ammat nry  diseases  and 
atopic  dermatitis.  In  Korea  soap  is  marketed 
barod  on  extracts  of  sword  bean;  it  is  used  for 
the  treatment  of  athlete's  foot  and  acne 

Production  and  intematioual  trade  No 
mformation  is  available  on  the  trade  of  sword 
bean  as  a  vegetable.  Seeds  of  CcaiavcUia  are 
traded  internationally  for  the  production  of 


urease,  but  quantities  of  scod  entering  the  in- 
ternational market  are  not  known. 
Properties  The  nutritional  composition  of 

fresh  sword  liean  fruits  per  lOn  y  edible  pf)rtif>n 
is:  water  83.6  g,  energj'  217  kJ  (oi)  kcal),  pro- 
tein 4.6  g,  fat  0.4  g,  carbohydrate  10.7  g,  fibre 
2.6  g.  Ca  iiitj  1'  'W,  niK  Fe  1.2  mg  vitamin  A 
40  lU,  thiamin  0.2  mg,  riboilavin  0.1  mg,  nia- 
cin 2  mg,  ascorbic  acid  32  mg.  Dry  seeds  con- 
tain per  100  g:  water  10.7  g,  energy  1  \^)'-'>  kJ 
(.'M7  kral)  protein  24.5  g,  fat  2.fi  g,  <;irhiihy- 
drate  .5y  g,  fibi-e  7. 1  g,  Ca  158  mg,  P  298  mg,  Fe 
7.0  mg,  thiamin  0.8  mg,  riboflavin  1.8  mg, 
ascorbic  acid  1  mg  (Rubatzky.  \'  I]  &  Yamagu- 
Ai,  }vL,  1997).  The  seed  protem  is  poor  in  me- 
thionine, but  n<h  in  lysine. 
The  seeds  of  Canavalia  species  contain  several 
growth-inhibiting  and  toxic  storage  proteins. 
e.g.  canavalm  (vicilin),  con-canavalin  A  and  B 
and  canatoxin.  The  urease  contained  in  the 

.seed  is  chemically  related  to  canatoxin.  It  also 
contains  the  toxic  non-protein  ammo  acid  ca- 
navanine,  a  structural  analogue  of  L-arginine. 
In  both  human  and  animal  nutrition  dr>'  seeds 
have  the  shortcoming  that  their  proteins  have 
a  low  digestibility  and  a  low  biological  value, 
and  raw  seeds  are  poisonous  in  large  quanti- 
ties.  The  digestibility  can  be  ini|)ro\c<l  by 
treatment  such  as  heating  (prolonged  cooking, 
pressure-cooking  or  roasting)  or  fermenting. 
There  are  numerous  publications  of  results  of 
research  into  the  rhemiral  composition  of  sev- 
eral Caiim  alia  species.  Seed  protein  content 
and  composition  of  Canavcdia  gladiaia  and 
CaiKii  'il'ii  ri.'sifnnnis  (L  )  pr  are  similar. 

Adulterations  and  substitutes  Alterna- 
tive sources  of  urease  are  various  bacteria  (e.g. 
KMfsieUa  at'mgi'iu's),  fungi  (e.g.  Cocvidioidea 
hiiiiu'fi.i)  and  highiM-  plants  (e  g  soya  bean). 

Description  Perennial  trailmg  or  climbing 
herb  up  to  10  m  long,  often  grown  as  an  an- 
nual; root  system  deep.  Leaves  alternate,  pin- 
nately  3-foliolate;  stipules  small,  deciduous; 
petiole  5-17  cm  long;  leaflets  with  4-7  mm  long 
stalks,  ovate.  7.5-20  cm  x  5-14  cm  apex  acu- 
minate shortly  [uiliescent  on  both  sides.  Inflo- 
rescence an  axillary  raceme  7—12  cm  long;  pe- 
dtmcle  4-20  cm  long.  Flowers  bisexual,  papil- 
ionaceous, often  resupinate:  calyx  up  to  1.5  cm 
long,  2-lipped  with  a  large  2-£id  upper  lip  and  a 
mudi  smaller  3-fid  low^r  lip;  corolla  white, 
standard  e.  3.5  cm  !i  m  i  i  i  dl  joined; 
ovarj'  superior,  style  slcndi  i  rurvt-d  stigma 
small.  Fruit  a  Imear-oblong  pod,  slightly  com- 
pressed, sometimes  curved,  20-40(-60)  cm  x 
3.6-4>  cm,  widest  near  the  apex,  8-16-seeded, 
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Canni  nli'i  i^hitliala     1.  jxirl  of  Pnu  eriuji  stem; 
2,  infloresceiLce  u  ilii  young  friiUa;  3,  seeds. 
Source:  PROSEA 

ppir;illy  (I'  hisronf;  each  Viilvo  with  vontral  rib 
and  f  xti  a  nb  spaced  c.  1  mm.  Seeds  2-3.5  cm  x 
1.5-2  cm,  red  or  red-brown,  rarely  black,  pink 
*ir  whitr:  hiluni  1  ."-2.0  cm  long.  Seedling  with 
epigeal  germinatiun;  iirut  2  leaves  simple,  op- 
posite, with  stipules  connate. 

Oilier  botanical  infonnation  Ccuiavalia 
comprisos  nbout  00  sprcics,  most  of  thrsp  of 
American  origm.  There  are  many  reports  in  the 
literature  of  the  occurrence  of  the  sword  bean 
in  tropirnl  Afrirn  but  thoro  nro  few  horbni  ium 
specimens  from  Africa.  Many  of  the  reports 
hkefy  refer  to  the  widespread  indigenous  Co* 
navaUa  afrieana  Dunn  (synonym  (^anavalia 
viroaa  auct.  non  (Roxb.i  Wiyht  &  Arn  )  In  the 
interior  of  tropical  Africa  at  higher  altitudes 
(over  300  m)  Ckuuwalia  afrieana  is  the  most 
common  indiponnus  aiiavalin  species.  It  is 
occasionally  cultivated  as  a  cover  crc^  and 
green  manure.  The  seeds  are  eaten  in  ESthiopia 
and  Tanzania,  but  oScen.  only  as  a  famine  food. 
In  Tnnzanin  the  leaves  are  used  in  a  recipe  for 
treating  smallpox.  In  India,  where  Canaialia 
aftieana  occurs  as  well,  researchers  have 
named  plants  collected  in  the  wild  CaiiavaUa 


filadiaia.  Jackbcan  (Canavalia  ensiformU)  is 
considered  a  native  of  the  New  World  and  is 
only  known  in  cultivation.  It  is  widely  grown  in 
Africa  but  mainly  .-is  a  cover  crop,  forage  green 
manure  and  ornamental.  The  use  of  its  fruits 
and  immature  seeds  seems  fairly  common  in 
Asia  but  substantiated  reports  of  use  as  a  vege- 
table m  Alrica  are  lacking.  The  3  above- 
mentioned  taxa  are  considered  by  some  as  a 
single  s[M'i  ii'.s  as  ilii'v  cross  freely  and  their 
uses  nti'l  rhi-micnl  composition  similar. 
Also,  an  analysis  based  on  DNA  data  designed 
to  distinguish  legume  species  failed  to  find 
differences  lietwei  n  Canavalia  eiisifonnis  and 
Caiiavalia  gladUita.  However  most  floras  sepa- 
rate the  3  species  as  fellowa: 
Canavalia  gladiata:  standard  c.  3  5  cm  long, 
white:  fruit  20-.|0(-f50)  cm  x  3.,-,-;")  cm:  seeds 
red  or  red-bruwn,  rarely  white,  2—3.5  cm  long, 
hilum  1.6-2  cm  long. 

CanavaUa  etunformi.r.  standard  c.  2  5  cm  long 
pink  to  purple;  fruit  15-35  cm  x  3-3.5  cm; 
seeds  ivor>'  or  white,  1.5-2  cm  long,  hilum  0.5- 
1  cm  long. 

Canaialia  afrieana  st.Mndard  c.  3  cm  long, 
while  with  mauve  veins;  fruit  10—17  cm  x  2.5— 
3  cm;  seeds  brown  or  red-brown,  1.6-2  cm  long, 
hilum  1—1.5  cm  Ions 

Cultivars  of  Canai  alia  enaiforinia  vary  widely, 
particularly  in  the  degree  of  twining,  the  size  of 
the  fruits  and  the  number  and  colour  of  the 

s.-.-<l- 

Growth  aud  development  Swurd  bean 
seed  germinates  readily  and  the  plant  is  rela- 
tively  fast  growing.  Flowers  nro  pollinated  by 
insects  and  20%  or  more  cross-pollmation  oc- 
curs. 

Ecology  Swoni  bean  requires  temperatures 
of  20— nO^C  and  is  cultivated  from  sea-lo\  <  l  up 
to  1000  m  altitude.  It  is  tolerant  of  drought 
once  Mlablished  and  also  tolerant  of  waterlog- 
ginp  shade  and  salinity  makinp  it  one  of  the 
most  hardy  tropical  legumes.  It  prefers  an 
evenly  distributed  annual  rainfall  of  900-1500 
mm.  It  grows  well  even  on  nutrioit  depleted 
soils  and  on  acid  soils,  even  with  a  pH  as  low 
as  4.5. 

Propagatioii  and  planting  Sword  bean  is 

usually  grown  by  smallholder  farmers  near 
houses  and  allowed  to  climb  on  walls,  fences 
and  trees.  Seeds  are  sown  at  a  depth  of  5-7.5 
cm.  As  a  field  <  1 1  p  n  is  usually  sown  at  a  spac- 
ing of  75-90  cm  in  lween  rows  and  l5-nn  cm 
within  the  row,  at  a  seed  rate  of  25-10  kg/ha. 

Management  To  avoid  a  build  up  of  pesta 
and  diaeasea  it  is  recommended  that  sword 


164  VEGETABLES 


bean  be  treated  as  an  annual  crop  or  retained 
at  most  for  2  years. 
Diaeaaea  and  peata  Sword  bean  is  fairly 

resistant  to  disojiscs  and  pests  The  most  seri- 
ous fungal  disease  is  root  rot  caused  by  Colle- 
totriehum  UHdemuthiamtm.  Sword  bean  is  a 
host  of  tomato  spotted  wilt  virus  (TSW'XO 
Caitavalia  is  known  to  reduce  nematode  popu- 
lations. However,  it  ia  susceptible  to  the  soy- 
bean cyst  nematode  (Hetemdero  glycines)  (hat 
has  not  yet  boon  rorordcd  in  .\fri<-a  Major 
pests  are  fall  army  worm  {Spodoplera 
fnigiperda)  and  beetle  grubs  that  bore  into 
the  stems  Sword  bean  seeds  are  fairly  resia- 
tant  to  storage  pests. 

Harveattng  Young  sword  bean  fruits  can  be 
harvested  from  3-4  months  after  sowing  when 
they  are  10—15  vin  luny;  liefore  they  swell  and 
become  fibrous  and  tough.  Mature  seed  can  be 
harvested  after  5-10  months.  As  the  fruits 
shatlcr  their  seeds  when  ripe,  harvesting 
should  be  done  timely. 

Yield  Yields  of  green  fruits  can  be  up  to  4 
t/ha.  Forage  yields  of  up  to  60  t/ha  have  been 
repoi-led  Seed  yields  of  up  to  5.4  t/ha  are  pos- 
sible, but  a  seed  yield  of  1.5  t/ha  is  more  com- 
mon. 

Genetic  resources  Worldwide  collection  of 
Canaralici  germplasm  is  urgently  needed. 
Small  germplasm  collections  of  C€tttavalia  are 
maintained  at  the  .Australian  Tropical  Crops  & 
Fnrnpes  Orni'tic  Resourres  f'entro  Rilneln 
<q|ueensland.  A  few  accessions  are  available  in 
Ethiopia  (ILRI),  Nigeria  (IITA),  South  Africa. 
Brazil  <^hina.  Colombia  and  India. 

Breeding  Sword  bean  is  not  known  from  the 
wild  and  must  have  undergone  selection  during 
centuries.  Selection  has  favoured  increased  pod 
and  seed  size  but  has  not  resulted  in  n  ivdiiction 
in  biochemical  toxms.  This  w  ould  be  consistent 
with  selection  for  use  as  fodder  or  as  a  green 
fi-uit  vegetable  rather  than  as  n  pulse  crop. 
Breeding  is  difficult  as  the  flowers  are  very  sen- 
sitive to  damage  during  emasculation  and  emas- 
culated flowers  usually  abscise:  therefore  laid 
pollination  is  recommended.  In  Soulh-East  .\sia 
sword  bean  cultivars  have  been  developed  with 
reduced  toxicity.  Hybrids  of  Cattcwalia  ^adiata 

w  ith  bdth  Catiai  afia  afri'raiia  and  C atiairilia 
ensiformis  have  occurred  from  natural  crosses. 
Breeding  programmes  should  use  this  wide  base 
of  germplasm. 

Prospects  To  incronse  the  use  of  Caiiarnlia 
green  fruits  and  young  seeds  as  a  vegetable  m 
tropical  Africa,  improved  cultivars  should  be 
made  available  either  by  introducing  Asian 


cultivars  or  by  breeding.  Major  limitations  for 
increased  use  of  the  dr>'  seeds  of  Canavalia  in 
human  nutrition  are  the  poor  taste,  the  unap- 
jicilini,'  t<'Xture  and  antinutritional  factors 
that  make  laborious  preparation  necessarj'.  In 
these  respects  Ccmavalia  faces  the  same  ac- 
ceptai)ility  problems  in  Africa  as  soya  bean, 
However,  as  Canavalia  is  a  very  tough  and 
resilient  crop  it  could  play  a  larger  role  if 
seeds  were  produced  in  (juanlily  and  proc- 
essed on  an  industrial  scale.  Breeding  and 
selection  could  play  a  role  in  developing  culti- 
vars with  reduced  toxicity.  Sword  bean  will 
remain  important  as  a  green  manure  and 
cover  crop  and  as  fodder.  A  critical  review  of 
the  taxonomy  of  the  genus  CtmavaUa  is  over- 
due. 
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Capsicum  ANNUUM  L. 

Protologue  Sp  pi  1:  188  (1763). 
Family  Solanaceae 
Chromosome  number  2n  =  24 
Synonyma  Capaicum  /ruteaeeaa  L.  (1763), 

Capsicinii  rJiiiii-n.sr  J  icq.  (1776). 

Vernacular  names  Capsicum,  capsicum 
pepper;  chilU,  sweet  pepper,  bell  pepper;  bird 
popper;  chinense  pepper,  aromatic  pepper, 
bonnet  pepper  {En).  Piment;  poivron,  paprika; 
piment  oiseau ;  poivre  de  Cayenne;  habanero, 
piment  antillais  (Fr).  Pimentos;  pimentio,  pi- 
mento doce;  jindungu  pimento,  piri-piri  pi- 
mento de  catena;  pimento  chines  (Po).  Mpilipili, 
mpilipiU  hoho  (Sw). 

Origin  and  geographic  distribution  The  ge- 
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Ci^aieam  tauuuim  -  pktnled 

nus  Capsicum  originated  in  Central  and  South 

Amoricn.  Tho  npproxiniatoly  25  wild  sprrios  nil 
occur  in  this  area.  The  cultivated  forms  were 
domesticated  in  prehistoric  times;  the  main 
difference  with  the  wild  types  is  that  the  fruits 
are  not  easily  dehiscent  and  henee  less  dam- 
aged by  birds.  Mexico  was  probably  the  centre 
of  origin  of  the  chilli  and  sweet  pepper  (Capai- 
riini  niniiiiim  in  the  nnrrow  s<  ns<  i  \\hilc  ,iro- 
matic  hot  pepper  {Capsictt in  ciUuentic) 
uated  in  the  Amazonian  region  and  bird  pepper 
(Capaicum  fhiteacens)  in  the  coastal  regions  of 
the  southem  part  nf  tropical  South  Amerira  Tn 
cultivation  the  3  species  have  been  crossed 
intensively  and  many  intermediate  forms  oc- 
cur. They  are  therefore  treated  here  as  one 
broad  group  of  cuitivars,  although  charactenii- 
tic  examples  of  the  3  original  species  can  still 
be  recognized.  Shortly  after  Columbus'  disoov- 
erj'  of  Amerirn  the  Spani«!h  and  Portupuese 
brought  capsicum  pepper  (hot  and  sweet)  to 
Europe,  from  where  e^ecially  the  hot  pepper 
was  widely  dispersed  to  nil  tropiral  and  sub- 
tropical areas  of  the  world.  By  the  end  of  the 
ITtfi  century  it  was  grown  as  a  popular  vegeta- 
ble and  qpice  everywhere  in  the  tropics  and 
many  ver>'  distinct  tx^ies  and  landraees  had 
been  developed.  The  aromatic  hot  pepper  was 
probably  introduced  in  West  Africa  during  a 
later  period  than  the  chilli  and  bird  pepper, 
and  African  slaves  brought  it  back  from  West 
Africa  to  the  Caribbean  and  West  Indies. 
Capsiciiin  anniatm  is  cultivated  sn  widely  in 
Africa  that  African  people  consider  hot  pepper 
as  a  traditional  .\trican  vegetable  or  spice, 
while  the  mudi  less  popular  sweet  pepper  is 
seen  as  an  exotic^  newly  introduced  European 


vegetable.  Sweet  pepper,  one  of  the  mo.st  im- 
portant glasshouse  and  summer  vegetables  in 
Western  industrialised  countries,  is  more 
adapted  to  temperate  climates  than  hot  pepper. 
Some  hot  pepper  cultivars,  mcluding  aromatic 
hot  pepper,  are  adapted  to  a  temperate  dimate, 
but  the  growth  of  bird  pepper  is  too  slow  for 
outdoor  cultivation  in  a  temperate  climate. 
Two  other  domesticated  species.  Capsieitm 
baccatum  L.  (aji)  and  Capaicuni  juihf.sccii.s  Ruiz 
&  Pav.  (rocoto),  are  commonly  lultivated  in 
Latm  America.  Commercial  cultivars  of  Capsi- 
cum bcKcatum  are  occasionally  found  in  Asian 
countries,  whereas  adapted  cultivars  of  the 
rather  cold-resistant  Ctjpaicum  pubescena  are 
eictensively  cultivated  in  highland  regions  ot 
Java  (Indonesia),  but  neither  species  has  been 
recorded  lur  Africa. 

Uses  Capsicum  fruits  are  consumed  in  fresh, 
dried  or  processed  fiorm.  N<ni-pungent  fruits, 

usually  called  sweet  pepper,  are  eaten  raw  in 
salads,  but  more  commonly  cooked,  fried  or 
processed  together  with  other  foods.  Th^  are 
consumed  in  such  quantity  per  serving  that 
they  constitute  a  real  table  \eifetable  omtribut- 
mg  to  the  nutritional  value  of  the  meal.  The 
most  pungent  types,  including  chillies,  bird 

p(>pper  and  aromatic  hc,t  ]).'])per  arc  consumed 
m  very  small  quantities  and  are  considered  a 
oondim^it  or  spice  for  seasoning  and  stimulat- 
ing appetite.  As  many  intermediate  forms  ex- 
ist there  is  no  strict  borderline  between  the 
use  of  capsicum  as  spice  and  vegetable.  Hot 
pepper  is  processed  into  ketdiup  or  spice  mix- 
tures  for  flavouring,'  all  kinds  of  fr>od  In  Ktliio- 
pia  dried  hot  pepper  is  a  component  of  a  mixed 

spi<-e  [>owder.  Hot  peppers  are  ext«i8ively  pick- 
led in  salt  and  vinegar.  In  some  regions  (e.g. 
Sudan)  they  are  used  to  make  hot  fresh  sauces 
by  crushing  the  green  immature  iruits  or  cut- 
ting them  into  ttnall  pieces  and  mix  them  with 
lime  juice,  salt  and  peanut  butter  They  are 
used  industrially  as  an  ingredient  of  many 
products,  e.g.  hot  sauces,  canned  fish,  ginger 
beer,  as  Well  as  for  some  pharmaceutical  prod- 
ucts  In  some  regions  (e  t,'  Cabon)  shoot  tips 
and  young  leaves  are  eaten  as  a  vegetable.  The 
red  pigment  extracted  from  ripe  fruits  is  used 
as  a  natural  oolouiing  agent  for  food  and  cos- 
metics. 

Hot  pepper  is  widely  used  in  local  medicine. 

Pungent  peppers  cause  strong  salivation,  aid 
digestion  and  are  laxative.  Capsaicin  the  ac- 
tive ingredient,  stimulates  the  mucous  mem- 
brane of  the  mouth,  stomach  and  bowels^  caus- 
ing strong  peristalsis.  Another  efifiect  is  sweat- 
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inp  of  the  body,  which  is  a  rehef  in  hot  climates 
as  it  has  a  cooling  effect.  It  also  causes  tingling 
of  the  tongue  and  cheeks  and  secretion  of  nose, 
evfs  iuid  sinuses.  People  sufferuii,'  (mm  ii  flu 
experience  relief  by  consuming  hot  pepper,  it  is 
said  that  regular  oonsumptiom  is  beneficial  for 
vascular  conditions  and  against  haemorrhoids, 
varicose  veins,  anorexia  and  liver  congestion. 
An  infusion  of  mature  fi*uits  is  said  to  stop 
vomiting,  nnd  is  used  In  treat  dsrsenteiy,  fever 
and  ynws.  In  Eihii)]>i;i  jKopIc  consume  hot  pep- 
per with  raw  meat,  believing  that  the  hot  pep- 
per kills  dangerous  pathogens.  Hot  pepper  has 
often  been  ascribed  antibiotic  piopr  it ies.  It  is 
reoommeuded  for  people  suffering  from  amoeba 
infectian  and  intestinal  woms.  In  pure  or 
processed  form  it  is  applied  externally  as  a 
rubefacient  :intl  niudsjesic  in  cases  of  back-pain, 
rheumatism,  articular  and  muscular  pains  and 
swoUra  feet,  and  antidote  in  cases  of  poisoning. 

Thr-  leaves  are  used  as  n  dressing  foi-  wounds 
and  sores,  and  the  leaf  sap  is  squeezed  into  the 
eyes  .n  (gainst  headache  (Ghana,  Congo).  The 
le  i\ '  -  ire  prepan  cl  as  a  potion  to  treat  coughs 
and  In  ;ut-p!iin,  In  Kast  Africa  the  leaves  are 
externally  used  against  bubonic  plague.  In 
Gabon  a  leaf  macerate  with  lemon  juice  is 

drc^ped  info  we(-pinp  ears  Tn  'Uiinen  a  mix- 
ture including  red  pepper  powder  is  used  as  a 
traditional  insecticide  to  control  kola  weevil. 
Especially  in  Western  countries  bushy  erect 
capsicum  t\7ios  with  many  small  red  or  yellow 
firuits  are  popular  as  ornamental  potplants.  in 
recent  years  hot  pepper  is  increasingly  used  in 
aerosol  sprays  replacing  tear  tjas  for  personal 
defence  of  police  officials.  Bird  peppers  specifi- 
cally grown  for  this  purpose  in  Kenya  and  Tan- 
zania are  ej^Mrted  in  powder  form  to  the 

United  Stales. 

Production  and  intcruatioual  trade  FAO 
statistics  estimate  world  productiim  of  capsi- 

cum  peppers  in  2001  nt  2]  -?  milbon  t  from  a 
harvested  area  of  1.6  million  ha  (average  yield 
13.4  t/ha);  China  is  the  largest  producer  with 
10  million  t,  followed  by  Mexico  (1.9  million  t) 
and  Turkey  (1.5  million  t).  India  is  jirobably 
erroneously  represented  wilh  only  oU.OOO  t. 
Production  in  tropical  Africa  is  estimated  at  1 
million  t,  with  Xi<:erin  (71,'^  (100  t  from  90  000 
ha)  and  (ihana  (270,000  t  from  75,000  ha)  as 
the  largest  producers.  The  FAO  statisticB,  how- 
ever, are  incomplete  or  unreliable  for  African 
countries;  production  from  intercropping  and 
home  gardens  is  often  not  included.  Data  are 
presented  for  only  13  out  of  the  47  countries  of 
tropical  Africa. 


Hot  peppers,  fresh,  dried  or  processed,  arc  an 
important  product  in  all  local  markets  in  Af- 
rica, more  so  in  West  Africa  than  in  East  Af- 
ricji  In  West  Africa  aromatic  hot  pepper  (C'o/j- 
sicum  chinenae)  is  veiy  popular,  especially  the 
most  aromatic  and  less  pungrat  cultivars.  In- 
ternational trading  of  fresh  or  dried  hot  pepper 
occasionally  occurs,  but  few  data  are  available. 
Export  from  Africa  (mainly  dried  hot  pepper)  is 
very  limited,  e.g.  Ethiopia  exports  to  Europe 
and  the  Middle  East,  Nigeria  to  the  I'nitod 
Kingdom,  Senegal  to  France.  Ethiopia,  Malawi, 
Zambia  and  Zimbabwe  export  oleoresin  capsi- 
cum (pungent)  and  oleoresin  paiirika  (not  pun- 
gent) as  food  additives  and  colouring,  l-'resh  hot 
pepper  (mainly  aromatic  hot  pepper)  is  ex- 
ported from  I  "ganda  and  West  Africa  to  Europe 
(Pans  London,  Brussels),  mainly  during  win- 
ter months. 

The  cultivated  area  of  sweet  pepper  in  Africa  is 

miirh  smaller  ibrin  lb;it  rif  hn(  jiepper.  Swi^i^l 
pepper  is  becoming  increasmgl^'  popular  as  on 
exotic  vegetable,  traded  through  supermaricets. 
Some  sweet  pepper  is  produced  in  Senegal  and 
Cote  d'lvoire  for  exjxirt  to  France 

Properties  The  approximate  composition  of 
fresh  hot  peppers  per  100  g  edible  portion  is: 
water  71  g  em  rgy  kri  (94  kcal),  jirotein  -11 
g,  fat  2.3  g,  carbohydrate  18  g,  fibre  6.U  g,  Ca 
68  mg,  P  101  mg,  Fe  2.9  mg,  P-earotene  7,140 
\ig,  thiamin  0.25  mg,  ribolLivin  0  20  mg,  niacin 
2  1  mg  nnd  nseorbie  acid  121  mg.  The  composi- 
tion of  dried  hot  peppers  is  given  as:  water  10 
g,  energy  1453  kJ  (346  kcal),  protein  12.5  g,  fat 
1  1  ."  g  enrbohydrate  G1.5  g.  fibre  23. .3  g,  Ca  187 
mg,  P  330  mg,  Fe  16.7  mg,  (l-carotene  14,300 
(ig,  thiamin  0.38  mg,  riboflavin  0.68  mg,  niadn 
7.2  mg  and  ascorbic  arid  12  mg  Fre.sh  green 
sweet  peppers  contain  per  100  g  edihK^  portion: 
water  86  g,  energy  202  kJ  (18  kcal),  protein  2.0 
g,  fat  0.8  g,  caibohydrate  10.3  g,  fibre  2.6  g,  Ca 
29  mg  P  ni  mg,  Fe  2.n  mg  p-rnrotene  180  |ig 
(red,  mature  fruits  2,760  pg),  thiamin  0.12  mg, 
riboflavin  0.15  mg,  niacin  2.2  mg  and  ascorbic 
acid  140  mg  (Leung,  W.-T,W,.  Busson.  F.  & 
Jardin  C.  1968).  The  content  of  ascorbic  acid 
(vitamin  C)  in  fresh  capsicum  and  of  vitamin  A 
in  mature  red  capsicum  peppers  is  veiy  hig^. 
Dning  causes  n  considei-.il>lr-  loss  of  carotene 
and  thiamin,  whereas  vitamin  C  disappears 
almost  completely.  Differences  in  cultivar  or  in 
ecological  aivl  luliura!  conditions,  harvest 
stage  and  post -harvest  handling  are  responsi- 
ble for  a  large  variation  in  moisture  content 
and  diemical  composition. 
The  pungoit  princq[>le  of  hot  pepper  is  capsai- 
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cin,  a  complex  of  cnpsaicinoid  allioloids  found 
in  variable  quantit  ies  (0.01-1,0%  of  drj'  weight) 
concentrated  in  the  placental  tissue  and  cross- 
walls  of  the  fruits,  but  in  very  pungent  types  in 
all  fleshy  parts.  Capsaicm  (CisHsrNOa)  is 
odourless,  colourless  and  flavourless.  The  heat 
sensation  results  from  irritation  of  pain  rorep- 
tor  cells  and  differs  between  individual  per- 
sons. The  content  of  capsaicinoids  can  be  de- 
termined chemically,  but  in  practice  (e.g.  for 

ti'SJtintr  varieties  or  differences  between  sam- 
ples) t  he  organoleptic  method  is  more  practical, 
using  a  dilution  of  one  part  per  million.  Refer- 
ring to  pungency  three  main  categories  of  cap- 
sicum fruits  are  distinguished:  (1)  non -pungent 
sweet  peppers,  (2)  moderately  pungent  or 
'normaf  hot  peppers,  and  (3)  very  pungent  hot 
pepper  tyi^es  mostly  bird  pepper  and  aromatic 
hot  pepper.  However,  several  cullivars  are  in- 
termediate. Taste  and  flavour  of  peppers  de- 
pend on  other  compounds.  Glucose  and  fructose 
sugars  give  the  sweetness  to  sweet  pepper.  A 
volatile  compound,  2-metho:Qr-3-i8obutyl- 
pyrazine  (C9H14N2O).  causes  the  typical  taste 
and  smell  of  sweet  pepper.  Capsicum  fruits 
contain  mure  than  100  compounds  contributing 
to  flavour  and  aroma.  The  flavour  of  the  aro- 
matic  hot  pepper  is  quite  different  from  com- 
mon hot  pepper  or  bird  pepper.  Mature  fruits 
are  ridi  in  pigments  such  as  carotenoids  and 
xanthophylls,  the  major  pigment  being  the 
carotenoids  called  capsanthin  (C^oHeoOs)  and 
capsorubm  (C4oH56U4)(E  160c). 
Capsaicin  showed  anti-oxidant,  antimutagenic, 
anticiircinnycnif  and  immunosuiijiressu <■  ac- 
tivities. It  also  inhibits  bacterial  growth  and 
platelet  aggregation.  Hypocholesterolaemic 
effects  have  l)e<>n  recorded  for  the  oli  orcsin.  In 
a  double-blind,  placrbo-cont rolled  ilinuril  test 
using  30  patients  with  functional  dyspepsia 
capsicum  powder  was  effective  in  de«reasing 
the  intensity  of  dyspeptic  symptoms,  capsaicin 
being  the  active  ingredient . 
The  weight  of  seed,  largely  depending  on  culti- 
var,  may  be  considerable,  normally  10-20%  of 
the  dr>'  weiu'ht  of  the  fruit  The  smaller  the 
fruit,  the  higher  the  weight  percentage  of  seed, 

readiing  60%  in  small  dried  hot  peppers.  The 

seed  contains  12—25%  oil  mainly  composed  of 
liuoleic  acid,  an  unsaturated  fatty  acid,  and 
further  mainly  of  carbohydrates,  proteins  and 
fibre. 

Adulterations  and  substitutes  As  a  spice, 
hot  pepper  may  be  replaced  by  Aframomum 
melegueta  OSosooe)  K.Sdium. 

Desorlption  Erect  herb  or  subshrub,  up  to 


Capaieum  antmtim  -  1,  habit  ofekiUi  plant;  2, 

shnni  afhirri  prpprr  pidiil;     fnii'l  of  SWeet  pep- 
per; 4,  fruit  of  aroinaiic  pepper. 
Source:  PROSEA 

2.^  m  tall  much-branched  jrrown  as  an  annual 
but  m  home  gardens  sometimes  a  short-term 
perennial;  taproot  strong,  lateral  roots  numer- 
ous; stem  irregularly  antjular  tn  subteretc  U[i 
to  1  cm  in  diameter,  green  to  brown-green, 
often  softly  hairy  and  with  purplish  spots  near 
nodes.  [,<'av(>s  alternate,  simple,  very  variable; 
stquiles  absent;  petiole  up  to  10  cm  long;  blade 
ovate,  up  to  10(-16)  cm  x  5(-8)  cm,  acuminate 
at  apex,  margin  usually  entire,  almost  gla- 
brous, pale  to  dark  green.  Flowers  usually  soli- 
taiy,  sometimes  2  or  more  per  node,  terminal, 
bisexual,  usually  S-merous;  pedicel  up  to  3  cm 
l<mg,  but  elongating  up  to  8  cm  in  fruit,  usually 
pending:  calyx  cu|)-sh,'ipcfl.  persistent  :ind 
enlarging  m  Iruil,  usually  with  conspicuous 
teeth;  corolla  campanulate  to  rotate,  d-16  mm 

in  diameter  white  nr  ixi-fcnish  rarely  purple, 
tube  sliort,  lobes  ovate;  stamens  adnate  at  base 
to  corolla  tube,  with  pale  blue  to  puiplish  an- 
thers; ovaiy  superior,  2(-4)-celled,  style  fili- 
form, white  or  purplish,  stigma  capitate.  Fruit 
a  berrj',  verj'  variable  in  size,  shape,  colour, 
and  degree  of  pungency,  usually  more  or  less 
conical,  up  to  30  cm  long,  green,  yellow,  cream 
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or  purplish  when  immatvire.  red,  orange,  yel- 
low or  brown  when  mature,  many-seeded. 
Seeds  orbicular,  flattened,  3-5.5  mm  in  diame- 
tei-  pMie  yellow.  Seedling  with  epigeal  germi- 
nation. 

Otiier  botanleal  informaiioii  Ccijmeum 

aiiiiuiiiii.  Capsicum  fiiitesceiis  and  Cap.fi'cuni 
chinense  are  mostly  considered  as  three  differ- 
ent species,  based  on  a  combination  of  fruit  and 
{lower  charnclcrs.  Th<\v  ;ir(\  however,  clow-Iy 
rrlafrd  nml  H  is  cloiibtful  \vhoth(  r  tht^  distinn- 
tion  is  taxonomically  justified  as  it  is  based  on 
only  a  few  overlapping  morphological  charac- 
ters, M;iny  inlt  rmciluitc  forms  occur,  which  are 
difficult  to  identify  and  assign  to  one  of  the 
three.  Apparently  there  has  been  a  gene  flow 
between  these  taxa,  and  it  is  likely  that  they 
share  a  common  ancestral  gene  pitol.  Also  DX.\ 
finger  printing  and  gene  mapping  pomt  to  a 
dose  relation  of  the  three  taxa,  with  dusters  of 
similnr  genos  within  each  Inxon.  A  certain  de- 
gree of  crossability  under  field  conditions  ex- 
ists. Cytogenetic  studies  show  aberrant  chro- 
mosome pairing  between  ('ujiM'iinn  rhini-itse 
imi]  the  two  other  taxa.  yet  hand  nosses  often 
result  in  viable  and  fertile  hybrids.  At  present 
more  and  more  commercial  cultivars  are  re- 
leased that  have  resulted  from  crosses  between 
these  three  taxa. 

Since  for  capsicum  research  in  tropical  Africa 
the  distinction  of  Capsicum  annnum,  Capai- 
cum  chinense  and  Capsimin  frntrsnvis  on  spe- 
cies level  is  unpractical  and  unfeasible,  they 
are  treated  here  as  belonging  to  a  single  spe- 
cies Cdpsicii III  aiiinnint.  Tli<>y  c-.;iti,  Imw ever,  be 
distmguished  as  cultivar-groups  In  the  past 
several  horticultural  oultivar  grou])ings  for 
cap.sicum  based  on  fruit  shapes  hav(  !  >  >  n 
made.  Those  groups  are  overlapping  nml  refer 
mainly  to  the  American  situation.  For  tropical 
Africa  the  cultivars  can  be  classified  in  the 

following  1  types: 

-  Sweet  pepper  (also  named  papriiva,  bell  pep- 
per); fast-growing  annual  heib,  flowers  soli- 
tary, white,  pending,  fruits  large,  3-12  cm  in 
diametei-  intlated  red.  orange,  yellow  pur- 
ple, while,  blue  or  brown  when  mature,  with 
mild,  sweet  aroma  and  taste.  Sweet  pepper  is 
not  very  common  in  .\frira,  but  increasingly 
important  m  urban  markets. 

—  Chilh  (also  spelled  chili);  fast-growing  an- 
nual herb,  llowers  solitary,  white,  pending 
fruits  variable,  but  mostly  elongate  or  ovoid, 
2-16  cm  long,  or  globose,  mostly  red,  some- 
times orange  or  yellow  at  maturity,  fruit  wall 
smooth  or  slightly  wrinkled,  taste  mild  to 


veiy  pungent.  This  is  the  most  common  hot 
pepper  type,  for  fresh  consumption  or  for 
tlrying, 

—  Bird  pepper  (Capsirinn  fhitiKici'ii.'i):  slow- 
growing  short-term  perennial  or  perennial 
subshrub,  flowers  in  clusters  of  2  or  more, 
waxy  greenish  white  usually  erect,  fruits 
elongate,  usually  upright,  usually  small  and 
narrow,  up  to  5  cm  x  1  cm,  green  to  cream  or 
yellow  when  immature,  orange  to  red  when 
mature,  fruit  wall  smooth  extremely  pun- 
gent. Bird  pepper  is  very  common  ui  fields 
for  home  consumption,  but  it  is  less  popular 
than  chillies  as  a  oommerdal  crop  because  of 
high  labour  costs. 

—  Aromatic  pepper  (Capsicum  etUnenae  also 
named  chinense  pepper);  fairly  slow-growing 
annual  to  perennial  herb,  flowers  in  clusters 
of  2  or  more,  sometimes  solitary',  waxy  green- 
ish (rarely  white  or  purple),  usually  pending, 

fruits  usually  globes*^  to  cvlindrirnl,  2-^  cm  x 
1.5-3  cm,  wrinkled,  usually  pending,  red  to 
orange  or  yellow  when  mature.  Aromatic 
pepper  has  a  typical  flavour  and  aroma  and 
its  pungencv'  can  range  from  extremely  hot  to 
very  mild.  Aromatic  hot  pepper  is  fairly 
common  in  West  Africa,  preferred  by  fanners 
during    ihe    r.iiny    season    because    it  is 
stronger  and  mure  resistant  to  anthraenose 
and  viruses  than  dtilHes. 
Most  uf  the  numerous  African  cultivars  and 
landraces  can  be  categorized  into  these  1  cate- 
gories, but  some  are  intermediaiy.  Practically 
all  farmers  use  local  cultivars,  appropriate  for 
the  local  market   African  countries  use  their 
own  classification  of  local  cultivars,  e  ^  the 
Sudanese  dassiflcation  of  the  local  hot  peppers 
into  two  groups:  Gabaniet'  with  small  and  very 
hot  fruits  and  Zalengi'  with  medium-  and  big- 
sized  fruits  that  are  usually  mUdly  pungent. 
Popular  diiUi  cultivars  in  Etiiiopia  are  'San- 

tnka',  'Bnknlocal'  and  'Mnrekofan.i'  in  Nigeria 
Dan  Mayere'  and  'Dan  Tsiga'.  Although  mter- 
national  cultivars  of  diillies  CAnaheim'),  bird 
pepper  (  Tabasco".  Cayenne  )  and  aromatic  hot 
pepper  ( Ilalianem  .  Scotch  Bonnet  )  appear  in 
the  market,  they  are  less  adapted  to  the  eco- 
logical and  market  requirements  of  African 
countries.  This  situation  is  different  for  sweet 
peppers,  for  which  few,  if  any,  African  cultivars 
exist.  Farmers  use  imported  seed,  mostly  Pi 
hybrids,  from  intematianal  seed  companies. 
Some  well-known  cultivars  are  A'olo  Wonder", 
California  Wonder'  and  Bell  Boy  .  Farmers 
growing  oleoreain  paprika  use  South  African 
cultivars. 
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Growth  and  development  Seeds  germi- 
nate 6-21  dnj's  after  sowing.  Continuous  flow- 
ering starts  60-90  days  after  sowing.  Flowers 
open  3  houis  iiftiT  suiii  isc  ;iiul  aro  opi-n  for  1-3 
days.  Although  normally  self-poUmated,  2-00% 
cro88-pollinati<ni  may  occur,  depending  on  ac- 
tivity  of  bees  and  thrips  collecting  neotar  and 
pollen;  on  average,  cross-pollination  is  about 
18%.  Certain  cultivars  show  strong  helerostyly 
cau.sing  a  high  level  of  cross-poliinat ion.  fn  (he 
bud  stnpr  the  ^^tj<:n1a  is  roeepfivo  but  th<'  pol- 
len is  not  yet  mature,  so  hand  poUuiation  is 
easy.  Under  normal  circumstances  40-50%  of 
the  flowers  set  fruit  Fruits  begin  to  mature  4- 
5  weeks  after  flowering,  and  can  be  picked 
every  6-7  days.  The  peak  harvest  period  ia  4-7 
months  after  sowing.  In  the  absence  of  boat 
and  diseases  urow  th  continues  and  plants  may 
become  perennial. 

Ecology  Capsicum  mnuum  is  a  tropical 

species,  but  adapt  cd  111  cult  i\  nt  ion  in  icmpor- 
ate  regions  dui-ing  the  summer  or,  m  protected 
cultivation,  year-round.  Optimal  temperatures 
for  growth  and  production  are  between  18*C 
and  see.  Seeds  tjorminate  best  at  2.5-30*C. 
Flowering  is  delayed  if  day  temperatures  drop 
below  26*C.  Flower  buds  abort  if  night  tem- 

pernturos  arc  (on  hifjh  (above  Pollen 
viability  is  significantly  reduced  at  tempera- 
tures above  30^0  and  below  WC.  Cool  nights 
down  to  la°(  '  favour  fruit  setting.  Sweet  pep- 
per needs  cooler  nights  and  is  clearly  more 
adapted  to  cooler  growing  conditions  than  hot 
peppers.  Sweet  pepper  cultivation  is  difficult  in 
the  hot  and  humid  tropical  l<iwland.  Capsicum 
is  da\  -neutral,  but  certam  forms  may  show  a 
l<h(<ii>}ieriodic  reaction;  long  days  may  slightly 
delay  I  he  first  flowering.  It  tolerates  shade  up 
to  15%  of  solar  radiation,  although  shade  may 
delay  flowermg.  Capsicum  grows  at  a  wide 
range  of  altitudes,  from  lowland  up  to  2000  m, 

in  Ethiopia  even  up  to  .^000  m  Tf  not  irrigated, 
an  annual  rainfall  of  at  least  600  mm  is  re- 
quired. Capsicum  grows  on  almost  all  soil 
types,  but  is  nv<\  -^ui^  il  tf>  well-drained  sandy 
or  loamy  soiU  i  u  h  in  lime,  with  a  pll  of  .'■).5- 
G.8  and  a  high  w  ater  retention  capacity.  Severe 
flooding  or  drought  is  injurious.  Waterlogging 
cau.«es  poor  fruit  setting  diseases  and  fruit 
rotting.  Capsicum  is  moderately  sensitive  to 
soil  salinity. 

Propagation  and  planting  Seeds  should 
be  haiAxstiMl  from  matuiv  fruits  after  some 
weeks  of  post-harvest  ripening.  Seed  extraction 
of  pungent  peppers  is  an  unpleasant  work  that 
can  be  alleviated  by  mechanical  dust  collection. 


The  ]()(H)-seed  weight  is  about  .'i.H  g  for  bird 
pepper  to  7  g  for  types  with  large  fruits.  Seed 
remains  viable  for  2-3  years  without  special 
conservation  metliods  if  kept  dry  at  room  tem- 
perature, but  It  rapidly  loses  viabihty  if  stored 
at  high  temperatures  or  humidity.  Seed  dor- 
mancy may  occur  to  ;i  limited  extent  during 
some  months  after  harvest,  especially  if  seed  is 
harvested  from  immature  fruits.  Seed  priming 
treatments  ar(>  sometimes  eCfective  in  in.  L'  > 
rating  germination  and  arc  sometimes  applied 
for  sweet  peppei-s  in  Western  countries  but 
they  are  not  used  in  Africa.  Storage  of  primed 
(pre-germinated)  seed  is  difficult.  To  plant  one 
ha,  200-800  g  of  seed  is  needed,  depending  on 
plant  density  and  provkled  adequate  nuraeiy 
technology  is  applied.  In  fact,  the  better  the 
seed  quality  and  nurs^-ry  technology,  the  lower 
the  seed  requirement.  The  extreme  is  shown  by 
sweet  pepper  under  protected  cultivation; 

growers  use  only  150  g./ha  of  expensive  hybrid 
seed.  The  hot  pepper  seed  used  by  most  African 
farmers  is  from  own  production  or  is  cheap 
seed  of  uncertain  quality  and  origin  from  local 
seed  dealers  The  germination  capacity  being 
doubtful,  farmers  use  several  kg  seed  per  ha. 
Hie  seed  is  sown  shallowly  in  nurseiy  beds  or 
flats,  broadcast  or  in  rows  20  cm  apart.  Direct 
seeding  is  rarely  practised.  Seedbeds  should  be 
protected  against  rain  and  direct  sun.  They  are 
usually  covered  with  straw,  palm  leaves  or 
plastic.  For  better  production,  seedlings  may  be 
transferred  to  seedling  pots  (soil  blocks,  plastic 
pots,  paper  cups,  banana  leaf-rolls)  when  the 
cotyledons  are  fully  expanded,  In  the  nursen,', 
starter  fertilizer  is  recommended  at  2-week 
intervals.  Transplants  are  planted  out  in  the 
field  when  they  have  8-10  leaves,  usually  30— 
(0  days  after  sowing  Restriction  of  watering 
and  removal  of  shade  protection,  starting  a 
wedc  before  transplanting,  is  recommended  to 
produce  hardy  transjdants.  Transplanting 
should  be  done  during  cloudy  days  or  m  the 
late  afternoon;  when  planted  in  diy  soil  irriga- 
tion should  be  applied.  Capsicum  is  suitable  for 
intercropping  and  is  then  sometimes  sown  di- 
rectly in  the  field.  .A  normal  spacing  is  50—80 
cm  between  the  rows  and  20-40  cm  in  the 
rows  with  densities  of  .50  000-80  000  plants 
per  ha.  in  Ethiopia,  farmers  transplant  in  beds 
1.2  m  wide  without  rows,  at  a  doisity  of  5-15 
plants  per  m*  with  an  c^timum  of  10  plants/m*. 
In  Mauritius  a  spacing  of  60  cm  x  .30  cm 
(55,000  plyha)  gave  the  highest  yield  (6.2  t/ha); 
in  Zimbabwe,  the  recomm«[ided  number  of 
plants  per  ha  is  30,000-65,000  for  chillies, 
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2U,U00-ii-"i  i^no  for  swopt  poppers,  and  55,000- 
70,000  for  )i.i|>i      )towder  production. 

Management  in  Africa  capsicum  production 
is  usuiilly  pDirtised  on  small-scalf  farms  on 
plots  of  0.1-0.5  ha.  if  properly  managed,  it  is 
labour  intensive,  especially  planting,  weed 
cuntrol  and  the  repeated  harvests.  The  greatest 
part  of  the  hot  pepper  area  in  tropical  Africa, 
however,  is  cultivated  in  an  extensive  way  as  a 
low  in[)ul  system.  Capsicum  )hriv(>s  h(>st  if 
supplied  with  liberal  quantities  of  orijanie  mat- 
ter supplemented  with  balanced  mineral  fertil- 
issers.  Nutrient  availability  is  subject  to  soil 
type  and  environmental  renditions  so  local 
recommendations  for  fertilizer  appUcation  vary 
greatly.  A  reasonable  recommendation  is  to 
supply  10-20  tVha  of  organic  fertilizer  (e.g.  ma- 
nure). General  nutrient  requirements  are  130 
kg/ha  of  N,  80  kg/ha  of  P  and  1 10  kg/ha  of  K, 
split  into  a  basal  dressing  plus  some  side  dress- 

inps  at  intervals  of  .'1-1  weeks  bepinninij  at 
first  flowering.  Boron  at  the  rate  of  10  kg/ha  is 
also  recommended.  Capsicum  is  veiy  sensitive 
to  blo88om-end  rot  caused  by  calcium  deficiency 

and  irregular  irrigation 

Capsicum  is  grown  under  rainfed  (rainy  sea- 
aon)  or  irrigated  (dty  season)  conditions;  it  re- 

<jinres  at  least  CM)  mm  w.iter  tiiirin^'  its  i^row- 
mg  period.  During  floweruig  and  fruit  settmg  it 
is  sensitive  to  moisture  stress,  causing  flower 
and  firuit  dropping,  and  more  than  normal 
pungency  of  the  fruits  Irrigation  is  needed 
when  plants  show  wiltmg  m  the  afternoon. 
In  Africa,  manual  weeding  is  tbe  common  prac- 
tice  for  weed  contrnl.  Drganic  (usually  straw) 
or  plastic  mulches  are  also  effective.  St  aking  is 
not  common  in  most  of  Africa,  but  may  help  to 
minimize  lodging  and  fruit  rotting  in  the  rainy 
season. 

Capsicum  is  often  relay-cropped  with  tomatoes, 
onimis,  garlic,  okra,  BrasHea  species,  cucuibits 
and  pulses.  It  also  grows  well  among  newly 
established  perennial  crops.  To  avoid  soUborne 
diseases,  capsicum  should  not  be  planted  after 
other  solanaceous  crops. 

Protected  cultivation  using  plastic  tunnels  is 
rarely  used  in  Africa;  it  is  practised  for  sweet 
pepper  in  the  highlands,  and  at  lower  eleva- 
tions on  seedbeds  as  roofing  against  heavy 
rains. 

Diaeaaea  and  peata  Capsicum  suffers  bom 
numerous  diseases  and  pests.  Many  sweet 

popper  producers  in  Western  countries  use 
integrated  pest  management  (1PM)  teclinologj, 
especially  in  greenhousea,  to  keep  the  crop 
healthy  with  a  minimum  application  of  toxic 


chemicals.  Many  kinds  of  biological  products  or 
natural  enemies  for  the  control  of  capsicum 
diseases  and  pests  are  available,  but  these  are 
less  ap])rnpriate  for  tropical  African  conditions. 
Because  of  the  high  costs,  the  majority  of  the 
capsicum  producers  in  Africa  do  not  apply 
chemical  spraying.  However,  the  cxjmbination 
of  intercropping  and  refraining  from  using  pes- 
ticides maintains  a  high  population  density  of 
natural  predators  of  pests  and  a  low  infection 
level.  Consequently  crop  losses  are  generally 
wilhm  reasonable  proportions.  A  crop  will  be 
more  healthy  if  the  farmer  uses  healthy  seed 
and  respects  a  crop  rotation  with  at  least  two 
years  without  any  solanaceous  crop  to  mini- 
mise aoilbome  diseases,  applies  proper  plant 
spacing  for  good  ventilation  against  foliar  dis- 
eases, and  good  drainage  (raised  lieds  m  the 
rainy  season).  With  the  intensificatiun  of  the 
cropping  system,  e.g.  high  doses  of  fertilizer, 
the  potential  yield  will  rise  considerably  but  so 
will  the  risk  of  high  crop  losses.  The  first  con- 
trol method  is  to  dioose  a  local  cultivar  with 
resistance  to  the  most  important  diseases  and 
pests  However  in  tropical  African  countries 
improved  local  culUvars  with  resistance  genes 
are  rarely  available.  A  broad  general  field  tol- 
erance is  obser\'ed  in  som<'  landraees. 
The  most  troublesome  diseases  and  pests,  re- 
ported for  tropical  Africa,  are: 

—  Virua  diseaaea.  Aphid-transmitted  viruses 

are  cucumber  mosaic  vims  (('M\')  alfalfa 
mosaic  virus  (AMV),  pepper  vernal  mottle  vi- 
rus (PVMV),  potato  virus  Y  (PVY),  pepper 
mottle  virus  (PeMM  and  a  c<imi)Iex  of  to- 
bamoviruses.  Mechanically  transmitted  vi- 
ruses are  tobacco  mosaic  virus  (TMV)  and 
p^per  leaf  curl  virus  (PLCV).  rjeminiviruses 
are  transmitted  by  white  flies  tomato  spot- 
ted wilt  viiTis  (TSW\0  by  thrips.  Resistance 
to  most  viruses  oceuning  in  Nigeria  was 
found  in  local  as  well  as  imported  hot  and 
sweet  pepper  accessions;  hence  prospects  for 
breeding  cultivara  combining  resistance 
g^ies  are  hopefuL  Chinense  pepper  is  a 
source  of  virus  resistance  Roni  i  tiv  c  alumin- 
ium-coaled plastic  mulches  muunu/e  insect 
vectors  (ai^ids,  thrips);  this  has  become 
common  practice  in  South-East  Asia.  Min- 
eral oil  spraying  can  be  applied  against 
aphids.  Several  viruses,  e.g.  TMV,  are  seed- 
home;  hence  the  need  for  heatthj' s.  .  1 1 

-  Fungal  diseases.  Anthracnose  or  fruit  rot 
caused  by  Collelotriclium  gloeosporioides  and 
-to  a  lesser  degree-  Colletotriehum  eapsiei  ia 
a  major  problem  of  ripe  finiits  espedalfy  in 
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humid  lowland,  causing  crop  losses  of  up  to 
90%.  Proper  crop  management  to  minimize 
the  Bource  of  moculum  via  seeds  or  host  de- 
bris is  the  best  control.  LocmI  West  African 
aromatic  pepper  cultivars  are  fairly  resis- 
tant. Cerco^mra  leaf  spot  (Cermapora  eap- 
siei^  and  velvet  spot  (Cincospuru  iiiiaiiiiiiioi) 
may  cause  complete  defoliation.  A  major 
problem  in  the  rainy  season,  affecting  all 
plant,  parts,  is  Phytoplillioid  blight.  It  is  also 
called  crown  rot  or  basal  stem  rot  and  is 
caused  by  Phytophthom  capsici.  The  Nige- 
rian hot  pepper  'U-Kimba'  is  resistant. 
Damping  off  in  the  seedbed  is  cjuisi-d  hy  Py- 
t/uum,  Ruarium  and  Sclerotuiia,  wiltmg  by 
white  rot  (Selerotium  rolfaii)  and  VertieUHum 
dahliae.  Powdery  mildew  (Lei  eillula  fauriea) 
is  reported  from  Sudan  and  East  Africa  dur- 
ing the  cool  season.  General  control  methods 
are  the  use  of  healthy  seed,  seedbed  disinfec- 
tion pood  ventilation  (not  too  dense  plant- 
ing), and  good  soil  drainage.  Many  fungicides 
are  available  for  diemical  control. 

-  Bacterial  diseaaea.  Bacterial  wilt  (RalsUmia 
solanaeeannn)  causes  heavy  plant  losses. 
Some  sweet  pepper  cultivars  such  as  the 
popular  Tolo  Wonder'  are  very  susceptible, 

other  cultivars  such  as  'Nar\ar  from  <  Iunde- 
loupe  are  medium  resistant.  <  hillies  are  less 
susceptible  and  aromatic  pepper  and  bird 
pepper  are  almost  completely  resistant.  Bac- 
terial wilt  is  partially  controlled  by  a  pood 
di'ainage,  e.g.  raised  beds  during  the  rainy 
season.  Bacterial  spot  (Xanthomontts  cam- 
peslris  |)v,  [  esiculorin)  is  controlled  hy  the 
use  of  healthy  seed.  Other  bacterial  diseases 
are  bacterial  canker  {CorytMhaetmxtm  mi- 
ehiganmse)  and  bacterial  softrot  (Enninia 
cni-atnrorrt). 

-  Nematodes  {MeUndogyne,  Xiphineina).  Dam- 
age may  be  avoided  by  crop  rotation  with  ce- 
reals, pulses  or  vepefahles  that  are  not  host 
plants,  and  the  appUcation  of  much  organic 
manure.  Resistance  to  Mdoidogyne  incognita 
was  found  in  the  aromatic  hot  pepper  culti- 
var  Scotch  Bonnet'. 

-  Insects  and  mites.  The  raite  Polypliagular- 
aonemus  Uibis  causes  virus-like  deformations 

of  leaves  and  shoot  tips.  Thrips.  th©  main 
problem  in  protected  cultivation  of  sweet 
pepper,  sometimes  cause  heavy  damage  in 
hot  pepper  fields  during  the  dry  season,  Irri- 
gation hy  overhead  sprinkling  redvices  thrip 
damage.  Other  pests  are  caterpillars  (Helio- 
thia,  Spodoptera),  aphids,  whiteflies,  fruit 
fliea  {Aiherigona  orienUdis)  and  termites 


{Micrnlfrmes).  Since  most  of  these  are  pol}'- 
phagous,  control  is  diflicult.  Inappropriate 
pesticides  and  over-use  of  pesticides  often 
worsen  jjcst  problems.  es|>eciall\  liy  thrips 
and  mites.  Control  of  caterpillars  with  Bt 
(Bacillus  thuringiauis)  or  neem  ^Azadi- 
ravlitii  iiuiica  A.Jus8.)  products  spare  natu- 
ral predators. 

Harvestiug  Capsicum  peppers  are  ready  for 
harvest  2—3  months  after  transplanting, 
weeks  after  flowering  dejK-ndinp  on  the  fruit 
maturity  desired.  Sweet  peppers  as  well  as  hot 
peppers  are  harvested  at  the  green  mature 
stage  or  at  full  maturity,  depending  on  demand 
and  utihzation.  Green  harvesting  stimulates 
fruit  setting  and  gives  a  higher  >ield  than  har- 
vesting at  full  maturity.  Green  fruits  are  suffi- 
ciently mature  for  harvest  when  firm:  sweet 
peppers,  if  gently  squeezed,  make  a  character- 
istic popping  sound.  Harvesting  is  done  by 
hand,  except  for  big  finjits  and  sweet  peppers 
that  are  harvested  with  a  small  Ivnife.  I'he 
picking  of  small-fruited  t>T>e8  like  bird  peppers 
is  very  labour  intensive.  Chillies  or  sweet  pep- 
per destined  for  trade  as  dried  fruits  powder  or 
oleoresin  are  left  to  diy  on  the  plant  before 
harvesting. 

Yield  Hot  pepper  yields  vary  widely  from 
1.5—18  t/ha  iresh  product.  Sweet  pepper  may 
yield  up  to  30  t/ha  in  the  field  and  up  to  100 
t/ha  in  protected  cultivation.  The  yield  level  in 
,\fricnn  countries  is  penerally  verj'  low  as  a 
consequence  of  extensive  cultivation  technol- 
ogy. In  Ethiopia  the  average  yield  of  dried 
fruits  is  400  kg/ha  in  sole  cropping  (equalling 
about  1600  kg/ha  fresh  product);  the  maximum 
yield  is  2  t/ha  of  dried  fruits  (8  t/ha  fresh). 

Handling  after  luurvest  Capdcum  is  han- 
dled for  fresh  consumption  or  processed  into 
canned,  pickled,  frozen,  fermented,  dehydrated 
or  ^ctoacted  products.  Usually  the  fresh  fruits 

are  sold  in  the  market.  Marketinp  in  big  l  iti.  < 
is  conducted  through  wholesale  to  retail  mar- 
kets, but  mudi  is  also  sold  in  small  street  mar- 
kets through  more  informal  marketing  chan- 
nels. If  the  pricv  is  low.  harvested  fruits  may  be 
sun-dried.  This  lakes  place  in  a  vacant  field  or 
along  roadsides,  on  mats  or  a  well-swept  area. 
The  finjits  are  put  in  layers  2-''  fruits  thick  in 
the  sun  and  are  turned  frequently';  they  will 
dry  adequately  in  10—20  days.  The  weight  loss 
during  drying  is  60-80%.  Dried  fruits  are  used 
for  preparation  of  powder  or  in  ketchups  and 
mi.Ked  spices.  Handling  of  diy  hot  peppers  for 
processing  or  seed  extracti<ni  is  very  unpleas- 
ant because  of  the  dust  containing  capsaicin, 
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and  precautions  for  protection  of  the  skin  nnd 
eyes  are  needed.  Fresh  fruits  can  be  stored  for 
up  to  5  weeks  at  4'C  and  95%  humidity.  Dried 
cMpsit'um  may  be  stored  for  many  months  to 
supplj-  year-round  demands. 
Genetic  resoureea  An  extensive  germ- 

]>Iasin  ciillectinii  of  (ivcr  3000  ncressions  is  held 
in  the  United  States  Plant  Germplasm  System, 
and  another  global  collection  is  present  at  the 
Asian  \'ege|jihl(>  Research  nnd  Development 
Center  (AVRDC)  in  Taiwan  f>ther  collections 
are  held  at  the  Centre  Agronomioo  Tropical  de 
Investigation  y  Ensefianza  (CATIE),  Tunialba, 
Costa  Rica  at  the  Ci-ntie  fitr  Cenetic  Resources 
(CGN),  Wageningen,  Netherlands,  and  at  the 
Central  Institute  for  Genetics  and  Germplasm, 
Gatersleben,  Germany.  There  are  many  work- 
inij  collections  of  Capsiniin  uermplasm.  In  Af- 
rica collections  are  held  at  Bako  Research  Cen- 
tre in  E!thiopia,  and  at  the  Institute  for  Agri- 
cultural Research  Ahmadu  Rello  rniversily, 
Zaria,  Nigeria.  Other  collections  of  landraces 
and  traditional  cultivara  are  present  in  several 
African  countries,  e.g.  Kenya,  Sudan  and  Zam- 
bia, 

The  genetic  diversity  available  within  Capai- 
eum  has  been  little  exploited.  The  fairly  higji 

ilei^i-c(i  (if  cn)ss-[)ollinat ion  is  responsible  for 
much  of  the  heterogeneity  m  collected  acces- 
sions. The  wild  species  are  potentially  import 
tant  as  genitors  of  valuable  disease  resistance 
genes.  In  .Africa  most  farmers  still  save  and  use 
their  own  seed.  In  the  future,  many  landraces 
and  local  cultivars  are  likely  to  disappear  as 
African  ^'nnvcrs  will  switch  to  improved  ciihi- 
vars,  and  hence  there  is  a  need  for  collectmg 
the  traditional  capsicum  material  and  conserv- 
ing it  in  genebanks. 

Breeding  .Much  breeding  work  has  been 
performed  on  sweet  pepper  in  temperate  re- 
gions. Many  cultivars,  at  pressnt  mostly  Fi 
hybrids  are  commercially  available  for  tjlass- 
house  and  field  production.  Capsicum  shows 
rather  strong  heterosis  effects  for  plant  growth 
traits  and  yield.  The  use  of  molecular  markers 
and  doubled  haiiloids  is  quite  common.  Capsi- 
cum IS  very  appropriate  for  the  development  of 
Fi  hybrids,  with  cultivars  superior  in  3rield, 
uniformity  and  disease  resistance.  Hybrid  seed 
is  produced  by  hand  emasculation  and  pollina- 
tion of  the  ri^t  inbred  lines,  a  very  labour- 
intensive  method.  The  use  of  cytoplasmic  male 
sterility  is  advancing  but  still  rather  unreli- 
able. Sweet  pepper  cultivars  bred  especially  for 
tropical  African  conditions  are  scarce.  Seed 
company  Tedmisem  supplies  seed  of  cultivar 


'Ca|>ela'  resistant  to  high  temperature,  TMV 
and  PVY,  Fi  cultivar  Stella  resistant  to  TM\', 
and  Arika'  resistant  to  TMV  and  PVY  The 
South  African  seed  <x>ii^>any  Hygrotech  has 
paprika  cultivars  gi-own  in  Zimbabwe  for  oleo- 
resin  production,  e.g.  the  popular  cultivar  Ta- 
pri  Queen",  which  is  an  erect  subshrub.  resis- 
tant to  powdery  mildew,  taking  95-105  days  to 
fruit  maturity,  with  elongated,  thin-walled,  red 
fruits  c.  1 7  <-m  x  3  cm. 

Breeding  foi-  hot  pepper  is  tar  less  developed 
than  for  sweet  pepper.  Resistance  breeding  for 
fungal,  bacterial  and  virus  diseases  is  promis- 
ing At  Plant  Research  Internal  ional.  Wagen- 
ingen  University  and  Research  Centre,  Nether- 
lands, resistance  genes  for  anthracnose  were 
found  in  chillies,  bird  pepper  and  aromatic 
pepper  as  well  as  in  Capsicuin  buccuhiui 
Many  African  accessions  with  resistance  genes 
against  the  important  viruses  have  been  re- 
ported. Some  conimercial  cultivars,  including 
superior  Fi  hj-brids  for  the  tropics,  are  avail- 
able from  Korea,  Japan,  India,  Taiwan,  Thai- 
land and  Indonesia.  Resistance  breeding  with 
local  hot  pepper  cultivars  in  Indonesia  f East- 
West  Seed  Company)  resulted  m  hybrid  culti- 
vars with  a  certain  degree  of  resistance  to  an- 

Ihracnose.  bacterial  wilt  and  fruit  fly.  Breeding 
work  has  been  reported  from  Nigeria  (Zaria, 
Ilorin,  Ibadan)  and  Ethiopia.  In  Africa  Ft  hy- 
brids are  still  rarely  used  becau.se  the  seed  is 
expensive  .and  few  Fi  cultivars  bred  for  local 
African  conditions  are  available,  Technisem 
seed  company  selected  cultivars  for  tropical 
Africa,  such  as  the  .immatic  hot  pepper  culti- 
vars Sail',  Antillais  Caribbean',  Jaune  du 
Buricina'  and  "Big  Sun',  the  diilli  cultivars  'Ja- 
lapeno'  and  Fl  'Sunny',  and  the  bird  peppers 
'Salmon'  'Soudanais  ,  Thailande'  and  Pili  Pili'. 
Breeding  for  disease  resistance  takes  prece- 
dence in  most  programmes,  although  yield, 

abiotic  stress  tolerance  (heavy  rainfall,  fruit 
setting  during  hot  weather),  earlim  ss  and 
market  quality  o(moeming  fruit  shape,  pun- 
genqr,  flavour  and  colour  are  overall  objectives 
for  capsicum  improvement  in  the  tropics  An 
inlertK^ical  network  fur  plant  breeding  known 
as  LIRA  was  initiated  since  1992  as  a  ooUabo- 
ration  between  the  Tnstitut  National  de  la  Re- 
cherche Agronomique  (INRA)  in  France  and 
the  Ministry  of  Agriculture  in  Cuba.  The  objec- 
tive is  the  breeding  for  durable  resiatanre 
against  worldwide  potyviruses.  Since  V.V.W 
tjuadeloupe,  Tanzania,  Sudan  and  Senegal 
have  joined  this  programme.  In  several  African 
countries^  national  programmes  and  private 
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seed  companies  piny  a  rolo  in  supplying  seed  of 
improved  cultivnrs.  Heterogeneous  local  culti- 
vars  are  better  suited  for  homegardens  and 
sinall  scale  larmiii^:  because  of  tln'  ptnlnnged 
harvest  period,  but  less  for  large-scale  market 
production.  A  good  seed  yield  of  open  pollinated 
cultivars  is  "OO  kg/ha.  for  hybrid  hot  pepper 
200  kg  and  hybrid  sweet  pepper  150  kg. 
Research  institutes  and  seed  companies  in 
Western  countries  arc  using  more  and  mort* 
nd\'nnco<]  bi()tiHhnoli><iy  such  ns  isozymes  for 
selection.  At  present  they  use  molecular  bio- 
tedinology,  mainly  Restriction  Fragment 
Length  Polymorphisms  (RFLP),  Randomly 
Amplified  Polymorphic  DNA  (RAPD)  and  Am- 
plified Fragment  Length  Polymoiphiflm 
(AFLP)  markers  and  double  haploids  derived 
from  anther  culture,  for  mapping  the  genome. 
Molecular  markers  are  used  fur  efficient 
screening  on  disease  resistances  and  E^ieeding 

up  the  breeding  period,  ('ro.^sinps  r.-m  be  mndc- 
With  all  cultivated  and  most  wild  Capsicum 
species  using  embryo  rescue. 

Prospects  Capsicum  peppers  ha\e  a  high 
nutritional  and  economic  value,  but  the  aver- 
age yield  in  Africa  is  still  verj-  low.  With  im- 
proved culUvarSt  especially  hybrid  cultivars, 
nnd  higher  input  use  and  intensification  of 
cultural  practioea,  the  yield  level  can  be  m- 
creased  considerably.  Sweet  pepper  cultivation 
should  be  extended  to  supply  urban  markets 
nnd  in  some  countries  for  export  In  \\'est  .\f- 
rica  the  mild  forms  of  the  aromatic  hot  pepper 
merit  attention.  There  is  a  need  for  heat- 
tolerant  swi  et  pepper  cultivars  suitable  for 
lowland  cultivation. 

Breeding  of  hot  pepj>er  (chillies  and  aromatic 

hot  pepper)  and  st  c^l  i)roduction  based  on 
local  cultivars  with  emphasis  on  j-esistnnce  to 
pests  and  diseases,  merits  high  priority.  Prac- 
tical knowledge  on  integrated  pest  manage- 
ment for  capsicum  in  the  tropics  is  lacking 
and  requires  much  research  as  well  as  train- 
ing of  farmers. 

Major  references  Andrews,  J.,  1984; 
Posland.  P.W.  &  Votava.  E.J..  2000:  BurkdI. 
Il.M.,  2000;  Ileiser,  C.B.  &  Smith,  P.G.,  1053; 
Hygrotedi,  2000;  Jansen,  P.C.M.,  1981;  Leung, 
W.-T.W  Busson.  F.  &  Jnrdin  C.,  19f>8;  Messi- 
aen,  C.-AI.,  1989;  Poulos,  d.M.,  1993;  Poulos, 
J.M.,  1994. 

Other  references  Alao.  S.E.L.  &  Alegbejo. 
M.D.,  1999:  Alegbejo,  M.D..  1999;  Bortolotti.  iM. 
et  al.,  2002;  Denton,  O.A.,  Adetula,  O.A.  &  Olu- 
folaji,  O.A.,  2000;  Erinle,  I.D.,  1989;  FAO, 
2003;  Genei^  A.A.,  1984;  Haile,  Y.  &  Zewdie, 
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Cak.\i.i.uivia  EDUUS  (Edgew.)  Benth.  ex 
Hook.f. 

Proiologue  Fl.  Brit.  India  4:  76  (1883). 

Family  Asrlc]iiailaceae  (APG:  Apocynaceae) 
Chromosome  number  2»  =  22,  44 
SynonynM  Caralbima  tongidma  N.E.Br. 
(1892),  CaraOuma  littata  N.E.Br.  (1903),  Car- 
aUitinn  nioiiictii  A  Thev   (1934),  Cryptolhima 
edulia  (Edgew .)  Plowes  (1995). 
Vernacular  names  Edible  caralhima  (E>n). 

rarallumn  comestible  (Fr) 

Origin  and  geographic  distribution  Car- 
attuma  edulis  has  been  reported  fix>m  Mauri- 
tania, Sudan  Eritrea,  Somalia,  Saudi  Ai-abia, 
United  Aral)  Emirates  Pakistan,  India  and 
possibly  Iran  and  Afghanistan. 

Uses  CearoUuma  edulia  is  used  raw  as  a 

vegetable  in  Maurit ;inia.  In  India  fresh  stems 
are  sold  as  a  vegetable  in  local  shops  (  situn). 
As  a  succulent  heib  it  has  ornamental  value. 

Properties  The  stems  are  sli^tly  and  In  a 
test  in  Pakistan  to  verify  a  possible  hypngly- 
caemic  effect  of  powdered  Carallunia  edulis 
roots,  doses  of  2-4  g/kg  body-weight  did  not 
show  any  effect  in  normal  ur  diabetic  nibViits. 
There  is  no  mlbrmation  on  the  phyt  ochemistry 
of  Caralluma  edulia.  Highly  toxic  glycosides 
have  been  found  in  several  other  Caralluma 
species  (e.p  in  (^arolUi wn  anilanffihi  (W'cno.) 
X.E.Br.,  Caruiiuiuu  gracilipes  K.Schum.  and 
Carcdiuma  pmieillata  (D^.)  N.E.Br.). 

Botany  Slightly  succulent  herb  with  slen- 
der, much  branched,  subterete  stem  20-30  cm 
tall,  at  apex  tapering  to  a  pointed  tip.  Leaves 
opposite,  simple,  small,  caducous,  sometimes 
prominent,  semi-persistent  and  iii>  to  ]  cm 
long.  Mowers  1—2  together,  exlra-a\illary  near 
the  stem  apex,  bisexual,  6-merous,  about  8  mm 
in  diameter  on  slender  cun"ed  pedicels  1-0 
mm  long;  calyx -lobes  ovate-lanceolate,  3—1  mm 
long,  glabrous;  corolla  tube  campanulate- 
urceolate,  7-8  mm  long  and  broad,  subgla- 
brous  yellow-green,  longitudinallv  ridged  in- 
side, corolla  limb  dark  puiple  with  a  narrow- 
disk  and  erect,  oblong-triangular  lobes  5  mm  x 
2.6  mm;  outer  corona  lobes  bipartite,  forming 
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10  filiform  horns  5  mm  long,  mncr  corona  lobes 
longer  than  the  outer  ones,  strap-shaped,  in- 
cumbent on  the  anthers;  anthers  diort,  trun- 
Cfitfd.  without  nppendfiges. 
The  taxonomy  of  the  genus  and  species  is  still 
in  dispute.  According  to  Plowes  the  correct 
name  for  this  species  is  Ciyplolluina  eilulis 
(Edgew.)  Plowes  and  the  first  3  synonyms  men- 
tioned here  are  considered  to  represent  differ- 
ent, separate  sjuh  ics. 

Ecology  CanilhiDui  ftliilis  oerurs  usunlly  in 
diy  sandj-  locations,  £i-om  sea-level  up  to  1300 
m  altitude.  In  its  distribution  area  it  flowers 
and  fruit  -  yciir-round 

Management  Caralluina  edulia  is  occasion- 
ally cultivated  m  a  vegetAls  and  as  an  oma- 
ment;il, 

Genetic  resources  and  breeding  ('(//- 
alluiiiu  edulis  is  nowhere  a  common  plant  and 
it  should  be  protected  wherever  it  occurs  natu- 

rnlly 

Prospects  Bccnuse  Camlluma  edulis  is  able 
to  grow  in  dr}',  sandy  locations  it  deserves  more 
research  attention  oonceming  its  phytochemis- 
Xxy,  nutritive  prapertiea  and  cultivation  possi- 
bilities. 

Major  referenees  Brujms,   P.V.,  1989; 

Burkill,  H.M.  l!)8i-:  (;in„>rt  M.H.  l<)90: 
Plowes,  D.C.H.,  1993;  White,  A.  &  Sloane,  BX.., 
1937. 

Other  references  Wadorxl  A  Wadood,  N. 
&  Shah,  S.A  ,  1989;  Bullock,  A.A..  1963;  Neu- 
winger,  H.D.,  1996. 
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Cabdamine  TRICHOCARPA  Hocfast.  ex 
A.Rich. 

Protologue  Tent.  fl.  abyss.  1:  18  (18 17). 
Family  Brassicaoeae  (Cmciferae) 

Chroiiiosonie  number  'In  =  .'2 

Vernacular  names  Hairy  bittercress  (En). 
Cressonnette  (Fr).  Kisegeju  (Sw). 

Origin  and  geographic  distribiitkm  Car- 
ilaniiin-  tric}u>cari>n  is  fnund  m  mountainous 
areas  ol'cenli  al  and  eastt'i  n  Africa,  from  Cam- 
eroon and  Angola  to  Ethiopia  and  Tanzania.  It 
is  also  found  in  Mndncasrnr  and  India 

Uses  In  Uganda,  eastern  DR  Congo  and 
Tanzania,  the  leaves  of  Cardamine  triehoearpa 
are  CNjllected  from  the  wild,  wilted,  chopped, 
boiled  and  oaten  as  a  vei:ot.ihle  alone  with  a 
staple  food  or  in  a  mixture  with  beans  or  peas. 
They  are  also  used  as  fodder  for  goats  and  rab- 
bits. In  Uganda  this  v^fetahle  is  considered 


useful  to  treat  kwashiorkor.  The  crushed 
leaves  are  used  as  a  dressing  on  wounds  for  2— 
3  days  to  improve  healing,  and  they  also  make 
a  good  herbal  bath  for  babies. 

Botany  Erect  or  ascending,  annual  herb  up 
to  50  cm  tall;  stem  unbranched  or  profusely 
branched  from  the  hnsi-  I^envcs  alteniale,  in 
outline  oblong,  up  to  15  em  long,  imparipmnate 
with  3-11  leaflets,  bearing  rather  stifT  hairs; 
l<  ;dl(  Is  ovate,  up  to  cm  long  with  stalks  up  to 
1  cm  long,  lowest  pairs  sniallcsi  .npn\  nrute, 
margin  serrate  to  crenate.  Inflorescenc-e  usu- 
ally a  terminal,  densely  flowered,  stalked  ra- 
ceme u]>  to  20  cm  long  in  fruit  Flowers  bisex- 
ual, regular,  4-merou8,  small,  greenish,  often 
eleistogamous;  pedicel  in  fruit  up  to  7  mm  long; 
sepals  oblong,  up  to  2  mm  long,  with  scattered 
hairs:  pi'tals  white,  shorter  than  sepals  or  ab- 
sent; stamens  4;  ovary  superior,  2-celled,  cylin- 
drical, stigma  sessile.  Fruit  a  linear  silique  up 
to  2.i"i  cm  '<  l  .'i  mm  with  scattered  hairs.  Seeds 
broadl>'  oblong  in  outline,  c.  1.5  mm  x  1  mm, 
red-brown,  minutely  rugose. 
Cardamine  comprises  about  130  species  in 
subarctic,  temperate  and  montane  tropical 
areas  all  over  the  world,  most  abundantly  in 
the  Northern  Hemisphere,  especially  in  moist 

localities.  In  .Africa  1  s])('i  i(  s  .K-ciir.  The  leaves 
of  Cardamine  hiraula  L.  (smaller  than  Carda- 
mine triehoearpa  with  petals  longer  than  se- 
pals and  glabrous  fruits,  originating  from 
Eiiroi>f  hut  nrnirring  in  Africa  in  the  same 
areas  as  CarJamiiie  triehoearpa)  are  used  as  a 
vegetable  in  Europe  and  possibly  also  in  Africa. 
In  rnmerooii  tin  y  are  boiled  in  soup  and  said 
to  have  stomachic  properties. 

Ecology  Cardamine  triehoecapa  occurs  in 
open,  somev^at  moist  localities  and  along 
roadsides,  in  mountainous  arms  at  700-;!] 00 
m  altitude,  it  is  mcreasingly  spreadmg  as  a 
weed,  also  at  lower  altitudes,  and  is  pattico- 
larly  noxious  in  rico  fields.  In  Uganda  and 
Tanzania  average  annual  rainfall  in  areas 
where  it  grows  is  1200-1800  mm. 

Genetic  rasonroes  and  breeding  Carda- 
iiniw  Irichocarpa  is  widespread  and  not  in 
danger  of  genetic  erosion. 

Prospeoto  Although  several  wild  Cardo' 
mitie  species  are  locally  popular  leafy  vegeta- 
bles in  Europe,  it  is  expected  that  in  Africa 
Corcfofiiuie  triehoearpa  will  remain  a  minor 
vegetable  only  ci  some  local  importance  in 
mountainous  nrens. 

Major  references  Jonsell,  B.,  i982b;  Katen- 
de,  A.B.,  Ssegawa,  P.  &  Bimie,  A,  1999;  Ruffi>, 
C.K.,  Bimie,  A.  &  Tengnfls.  B.,  2002. 
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Other  references  Burkill.  H.M..  1985;  Ex- 
ell,  A.W..  1960;  Jonsell,  B.,  1980;  Jonsell,  B., 
1982a:  Jonsell,  B  .  2000:  Robyns,  W.  &  Bou- 
tiqur  R    1951:  Yamiidn  T.,  1999. 

Authors  P.C.M.  Jansen 


Caylusea  ABYSSINICA  (Freseu.)  Fisch.  & 
C.AMey. 

Protologae  Index  sem.  hort  petrop.  7:  41 
(1811). 
Family  Resedaceae 

Ssnonyms  Rrsedn  a/'.v.s.v/a/Va  Freaen.  (1837). 

Qxigiu  and  geographic  dialxlbiilioii  Cay- 
btaea  ahyMiniea  ie  distributed  in  eastern  Af- 
rica, where  it  is  found  in  Sudan,  Ethiopia, 
Keny:i.  r^^inda,  Rwanda,  fiunindi,  Tanzania 
and  Malaw  1. 

Uses  In  Tanzania  tender  leaves  and  stems  of 
Cayhtsea  nhysainica  ars  oollfftod  from  the 
wild,  washed,  chopped,  cooked  and  eaten  mixed 
with  other  vegetables.  Often  pounded  pump- 
kin,  sunflower  or  hemp  seed  or  groundnut 
paste  are  added  and  thf  mixture  is  eaten  alone 
or  with  a  staple  food.  In  Ethiopia  the  leaves  are 
also  used  as  a  cooked  vegetable.  Boiled  leaves 

.-n-f  niso  used  to  treal  stomneh-nrhe  nnrl  to  ex- 
pel uitestmal  worms.  Ash  of  the  whole  burnt 
plant  or  a  root  decoction  is  taken  as  a  remedy 
for  abdominal  pain  in  East  ,\frica.  Caybtaea 
nhy.isini'ra  is  nIso  used  as  fodder  for  goats  and 
rabbits,  and  occasionally  it  is  planted  as  an 
ornamental. 

Propertle.s  In  Klhinpi,:i  ^icds  of  Caylusea 
abysamicu,  which  get  among  the  tef  {Eragroalia 
lef  (Zucc.)  Trotter)  harvest,  are  said  to  make 
the  tef  pancake  ('injera')  bitter.  Seed  is  said  to 

be  poisonous  tn  livestock. 

Botany  Erect  herb  up  to  1.5  m  tall,  with 
slightly  woody  taproot  and  glabrous  stem. 

Leaves  nlternnle,  sometimes  upper  lenves 
whorled,  simple,  sessile,  axils  often  with  clus- 
ters of  smaller  leaves  or  short  brandies;  blade 
linear  to  lanoeolate-elliptK;d  2-9  cm  x  0.5-2.5 
cm,  margin  sometimes  undulate,  often  rriLii,'h  or 
toothed,  liillorescenoe  a  dense  spike-hke  ra- 
ceme up  to  40  cm  long,  rachis  acutely  ribbed, 

bracteate.  Flowers  hisexunl,  ."i-merous,  small; 
pedicel  1-2  mm  long;  sepals  linear,  1.5-2.5  mm 
long;  petals  unequal,  clawed,  3-4  mm  long, 
white,  2  iqiper  ones  divided  into  4-5  lobes, 
other  ones  entire  or  2-''>-lobed;  stamens  10-1.3 
filaments  3  mm  long,  anthers  brightly  reddish; 
ovaiy  consisting  of  5-7  firee,  boat-shaped  car- 
pels fused  at  base  and  rou^  at  edges,  eadi 


cai-pel  bearing  a  .short  tooth -like  style  and 
stigma.  Fruit  consisting  of  stellately  spreading 
mericarps  splitting  longitudinally.  Seeds  reni- 
form  c  1  .'")  mm  x  1  mm,  brown-black,  wrinkled 

in  a  fine  tiled  pattern. 

Caylusea  comprises  4  ^ecies  and  is  distributed 
in  (hi-  Mediterranean  region,  and  northern  and 

eastern  Al'rica. 

Ecology  Cayluam  abyaamiea  Is  a  non- 
aggressive  weed  and  is  found  in  open  graSS" 
land,  fields  roadsides  and  rocky  areas,  at 
1500-2750  m  altitude. 

Management  CayJuaea  abyaamiea  is  usu- 
ally colleeted  IVnm  the  wild,  but  people  some- 
times retam  the  plants  when  they  grow  in  the 
garden  or  around  the  house. 

Genetic  resources  and  breeding  Caylusea 
abyssinica  is  \\  idespread  and  not  in  danger  of 
genetic  erosion. 

Prospects  Caylusea  abyaamiea  will  remain 

a  minor  vc^t^etahle.  Its  nutritional  composition 
and  medicinal  propert  ies  need  investigation. 

M^jor  references  Abdallah,  M.S.,  1967; 
Kokwaro,  J.O.,  1993  Ruffo  C  K  Bimie,  A.  & 
Tengnas,  B   2002:  Westphal,  E.,  1975, 

Other  references  de  Wit,  II.C.D.,  2UU0; 
Elfifers,  J.  &  Tfliylor,  P.,  1958;  Robyns,  W.,  1961. 

Authors  P.C.M.  Jansen 

Catratiadebilis  (Baker)  Suess. 

Protologue  \htt.  Bot.  Staatssamml,  Miin- 
chen  1(8):  352  (1953). 
Family  Vitaceae 

Synonyms  Ciaaua  debilis  (Baker)  Planch. 
(1887). 

Vernacular  names  I.iane  a  sauc-isses  (Fr). 

Origin  and  geographic  distribution  Cayra- 
lia  debilis  is  native  to  equatorial  Africa  ti-om 
Liberia   to  southern   Sudan   and  western 

T'sanda. 

Uses  The  leaves  of  Cayratia  debilis  are 
eaten  as  a  vegetable  in  Bioko  (Fernando  Po).  In 
Congo  the  leaves  are  e  il* n  liy  people  suffering 
from  heart  trouble  and  a  herli  tea  is  drunk  to 
relieve  cough.  In  tJabon  the  sap  is  used  as  an 
ointment  to  heal  the  umbilical  cord.  In  C6te 

d'Tvoire  n  leaf  deroefion  is  taken  internally  and 
applied  externally'  as  an  embrocation  m  the 
treatment  of  headadies.  Grated  stems  are 
made  into  poultices  to  apply  to  abaoesBes  to 
ilraw  out  pus.  In  Congo  the  stems  are  part  of  a 
mixture  to  remedy  abdomuial  troubles  and 
constipation.  The  stems  are  used  in  a  mixture 
with  J^hrosia  leaves  as  a  fish  poison. 
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The  fiuif  s  arc  inedible  but  have  veterinary  use 
in  the  Central  African  Republic.  They  are 
cradled  in  water  and  the  solution  is  given  to 
I>()u]tr.\-  i)s  a  prophylactic  for  oocddiosis  and 
avian  mlluenza. 

Properties  No  chemical  data  are  known  for 
Cayi  iilia  dthHia,  but  leaves  of  Caynitia  trifoUa 
(L.)  Oumin,  aa  well  as  those  of  some  other  Asi- 
atic species,  were  found  to  contain  several  fla* 
voDoids  including  cyanidin,  delphinidin, 
knempferol  myriretin  and  quercetin  The  ae- 
rial parts  of  CayraUa  trifoUa  contain  the 
triterpene  epifiriedelanol  a  compound  wiHi 
demonstrated  jinlitumour  activity,  whereas  the 
stem,  leaves  and  roots  contam  cyanic  acid. 

Botany  Herbaceous  or  slightly  woody, 
branched,  perennial  climber  with  leaf-opposed, 
branched  tendril^  stt  ms  slender,  up  to  5  m 
lung.  Leaves  alteinale,  pedately  5-foliolate; 
stipules  oblong,  up  to  3  mm  long:  petiole  4—12 

em  lonp:  Ipnllr-ls  <  lli[il irnl  tr.  nbl()np-nbo\ate 
base  cuneate  to  rounded,  apex  acuinmate,  up  to 
12  cm  5.5  cm.  Inflorescence  an  irregular,  lax, 
coiymbose  cyme  10-25  cm  long.  Flowers  uni- 
sexual or  bist'xual  t-merous;  calyx  cup-sh;iped. 
entire  or  shallow ly  lubed;  petals  triangular, 
greenish  white  or  yellow,  1.5  mm  long;  stamoie 
c.  0.5  mm  long;  ovary  <:labrf>iis  immensed  in 
disk.  Fruit  a  fleshy,  slightly  flattened  berr^',  3 
mm  X  6  mm,  white  turning  lilac,  blue-black  or 
mauve,  2— 4-8eeded. 

Cnyralia  romprises  fiboul  oO  species  and  is 
distributed  in  the  tropics  of  the  Old  World.  The 
closely  related  Cayratia  graeUia  (Guill.  &  Perr.) 
Suess  can  he  dist insiiiishi'd  from  the  otherwise 
similar  Cayratia  debilia,  with  a  partial  over- 
lapping distribution,  by  the  smaller  inflores- 
cences, smaller  seeds  and  ovate,  rather  thttl 
oblonii  leaflets.  The  penus  has  quite  a  few  spe- 
cies with  medicinal  uses. 

Ecology  Caymtia  <M>iUs  is  a  species  of  pri- 
marj",  secondniy  and  pnlleiy  forests 

Management  Caymlia  debilia  is  harvested 
from  the  wild  whenever  the  need  arises. 

Genetic  resources  and  breeding  In  view 
of  the  wide  distnl)ution.  t;enetic  erosion  does 
not  seem  a  risk  at  present.  There  are  no  acces- 
sions known  in  accessible  germplasm  coUec- 
tiens 

Prospects  There  is  no  information  on  the 
ph>  tochemistry  and  pharmacological  proper- 
ties nf  ( 'iiyratid  ddiiUB.  Ill  view  of  its  use  as  a 

vegetable  and  many  medicinal  uses,  as  well  as 
results  from  related  Asiatic  species,  researcli  is 
desirable. 

Mi^or  references  Burkill,  H.M..  2000;  Des- 


coings,  B-,  1972;  Slamet  Sutanti  Budi  Rahayu, 
2001;  Raponda-Walker,  A.  &  Sillans,  R.,  1961. 

Other  references  Projet  CAD,  2000. 

Authors  C.H.  Bosch 


Cayratia  GRACILIS  (Guill.  &  Perr.)  Suess. 

Protologne  Mitt.  Bot.  Staatssamml.  MOn- 

chcn  1(8);  ;ir)2  (1963). 

Family  \  it.-ireae 

Synonyms  Ciasua  gracilis  Guill.  &■  I'err. 
(1831). 

Origin  and  geographic  distribution  Cayra- 
tia gracilia  is  widespread  m  tropical  A&ica 
from  Senegal  to  Sudan  and  Eritrea  and  south 

to  Mozambique,  Zimbabwe,  Botswana  and 
Namibia:  also  in  South  Africa  and  Yemen 

Uses  The  leaves  of  Cayratia  gracilis  are  oc- 
casionally eaten  as  a  vegetable  in  Sudan.  Else- 
where use  n.<  n  vepetnble  is  limited.  In  Senegal 
it  is  considered  a  famine  food  that  needs  to  be 
cooked  together  with  Amorplwphalbia  roots. 
In  Tanzania  the  pulped  leaves  are  rubbed  topi- 
cally en  slight  incisions  to  treat  luniltago 
Crushed  leaves  mixed  with  Moinordica  jaelida 
Sdium.  stop  the  irritation  caused  by  the  spittle 
of  (he  s[)ittinp  cobra  when  rubbed  on  the  ;if- 
fected  area.  Fresh  roots  are  chewed  or  boiled 
and  the  decoction  used  as  a  cough  remedy. 

Prt^erties  The  ci-ushed  leaves  have  a 
strong  smell  but  no  chemical  data  are  known 
for  Cayratia  gracilis.  The  leaves  of  Cayratia 
trifoUa  (L.)  Domin,  as  well  as  those  of  several 
other  .Asiatic  species  of  the  genus,  were  found 
to  contain  several  flavonoids  mcluding  cya- 
nidin, delphinidin,  kaempferol,  myricetin  and 
quercetin.  The  aerial  parts  of  Cayratia  trifoUa 
contain  the  triterpene  epifriedelnnol  a  com- 
pound with  demonstrated  antitumour  activity, 
whereas  the  stem,  leaves  and  roots  contain 
cy.nnic  acid. 

Botany  c'iimbmg  or  trailing  perennial  herb, 
with  leaf-opposed,  brandied  tendrils:  stems 
slender,  up  to  7,5  m  long.  Leaves  alternate, 
pediitely  (;!-)')(-9)-foIiolate:  stijiules  oblong- 
triangular,  up  to  3  mm  long,  early  caducous; 
petiole  4-6  cm  long;  leaflets  ovate  or  elliptical, 

up  to  10  cm  >^  n  cm,  base  broadly  runente  to 
cordate,  apex  acuminate.  Inflorescence  an  ir- 
regular, lax,  coiymbose  cyme  5-10  cm  l<Hig. 
Flowers  unisexual  or  bisexual,  4-merous;  caifyx 
cup-shaped,  entire:  petals  whitish,  yellow-  or 
pale  green;  stamens  c.  1  mm  long;  ovary  gla- 
brous. Fruit  a  fledqr,  c^obose  or  depressed- 
globose  berry  6.6-10  mm  in  diameter,  blade, 
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2(-4)-seeded.  Seeds  strongly  ridged,  c.  5  mm  x 
4  mm. 

Cayralia  comiK  ^  ~  ibout  50  ^ecies  and  is 
distiiliiiti'tl  111  the  tropics  nf  thi"  Old  World,  The 
closely  related  Cayralia  debilis  (Baker)  Suess., 
a  species  with  a  partial  overlapping  distribu- 
tion.  can  Ih-  distinguinhed  from  the  otherwise 
very  similar  Cayralia  gracilis  by  the  larger 
inflorescences,  larger  seeds  and  oblong,  rather 
than  ovate,  leaflets.  The  genus  has  quite  a  few 
gperies  with  tncdic  inal  uses. 

Ecology  Cayralia  gracilis  is  found  m  vari- 
ous tjrpes  of  forests  and  woodlands  &om  sea- 
level  up  tr.  ISOn  in  altitude 

Genetic  resources  and  breeding  In  view 
of  the  wide  distribution,  genetic  erosion  does 
not  seem  a  risk  at  present.  There  are  no  acoes- 
Hions  known  in  aooessible  germplasm  collec- 
tions. 

Prospects  There  is  no  information  on  the 

phytochemi.stn,-  or  phnrmnmlopirnl  properties 
of  Cayratia  gracilis.  In  view  of  its  use  as  a 
vegetable  and  many  medicinal  uses,  as  well  as 
results  from  related  Asiatic  species,  researdi  is 

dt'siiablo, 

Major  references  Burkill,  II. M.,  2000; 
Kokwaro,  J.O.,   1993;  Verdoourt,  B.,  1993; 

Slamci  Sulanii  P.udi  Rahayu  2001. 
Other  references  Descumgs,  B.,  1972. 
Antibors  C.H.  Bosch 


CEiA)siA  akc;ente.\  L. 

Protologue  Sp  pi  1  205  (1753). 
Family  Amaranthaceae 
Chromosome  uwnber  2n  =  36,  72, 108 
Venutcnlar  Mmea  Celoeia,  Lagos  spinach, 

soko,  quail  grass,  cork's  comb  (En).  Colosie 
celosie  argentee,  crete  de  coq  (Fr).  Amaranto 
branoo  (Po).  Mfungu  (Sw). 

Origin  and  geographic  distribution  The 
wide  diversity  of  Celosia  argeiUea  in  tropical 
Afiica  points  to  an  origin  in  this  region.  Celosia 
argeitfea  is  a  widespnad  weed  throughout 
tropical  Africa  from  Senegal  east  ti)  Somalia 
and  south  to  northern  South  .\lrica  and  the 
Indian  Ocean  islands,  and  a  traditional  vege- 
table in  West  and  (^entral  Africa.  Tt  is  one  of 
the  leading  leaf  vegetables  in  south-western 
Nigeria,  where  it  is  known  as  'soko  jrokoto'  in 
the  Yui  uba  language,  meaning  'make  husbands 
fat  and  happy.  It  is  extremely  important  ns 
well  in  southern  Benin,  also  popular  in  Togo, 
Ghana  and  Cameroon,  and  recorded  as  a  vege- 
table from  several  other  West  and  Central  Af- 


Ceioaia  (Wgeniea  -  wild  caid  planted 

rican  countries.  Outside  Africa,  it  occurs  in 

tropical  and  subtropical  .\sia  and  .\morica.  The 
ornamental  forms  of  Celosia  argentea  with 
fasdated  inflorescences  (cock's  comb)  probably 
originate  bom  India.  These  are  widely  grown 
as  an  ornamental  in  the  tropics  and  subtrc^ics, 
and  in  summer  m  temperate  regions. 
Uses  Celosia  is  primarily  used  as  a  leafy 

vesretable.  The  lo.-n'cs  and  lendei-  stems  are 
cooked  mto  soups,  sauces  or  stews  with  various 
ingredients  including  other  vegetables  sudi  as 
onions,  hot  pepper  and  tomato,  and  with  meat 
or  fish  and  palm  oil.  Celosia  leaves  are  tender 
and  break  down  easily  when  cooked  only 
briefly.  The  soup  is  consumed  with  the  staple 
food  (if  maize  rice  cassava  or  yam.  The  young 
milorescences  are  also  eaten  as  a  potherb. 
In  Kenya,  the  Masai  use  the  liquid  extract 
from  the  leaves  and  n<  i\s  (  rs  as  a  bodywadi  far 

convalescents  The  whole  |)lant  is  used  as  an 
antidote  for  snakebites  and  the  roots  to  treat 
oolic,  gonorrhoea  and  eczema.  In  Ethiopia  and 

DR  CiinLro  the  seeds  arc  usoil  as  medicine  for 
diarrhoea,  and  in  Ethiopia  the  flowers  to  treat 
dysentery  and  musde  troubles.  In  duna,  tiie 
lea\-es  are  used  as  medicine  in  the  treatment  of 
infected  sores  wounds  and  skin  eruptions,  and 
in  China  and  Japan  seed  extracts  have  tradi- 
tionally been  used  as  a  therapeutic  drug  for  eye 
and  hepatic  diseases.  Tn  India,  the  leaves 
mixed  with  honey  are  applied  to  inflated  areas 
or  abscesses,  and  Hob  seeds  are  widely  used  for 
th«'  treatment  of  diabetes  midlituB.  In  South- 
Easl  Asia  the  flowers  are  used  as  medicine  for 
dysentery,  haemoptysis  and  menstruation 
problems.  In  DR  Congo  the  plant  is  associated 
with  occult  and  witdicraft  helie£B.  Celosia  can 
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also  be  used  as  a  livestock  feed.  Forms  with 
fasciated,  yellow  to  red  inflorescences  are 
widely  grown  as  a  bedding  plant  in  gardens 
and  also  used  as  cut  flowers.  These  are  also 
planted  in  Africa. 

Prodnetion  and  international  trade  Celosia 
is  cultivated  on  small  and  scattered  plots  in 
home  gardens,  farmland  and  urban  and  peri- 
urban  areas  making  it  difficult  to  estimate  the 
cultivated  area,  but  it  must  amount  to  thou- 
sands of  heel  ares.  It  is  n  vefjelahle  of  hifjli  eco- 
nomic value,  particularly  ui  the  dxy  season, 
and  commands  matket  prices  similar  to  those 
of  amaranth  (Aiiiaraitthii.s  cnwuhis  L.).  In  Be- 
nin and  Nigeria,  yoimg  celoaia  plants  are  sold 
in  small  bundles  (0.6-1.0  kg)  in  main  and 
small  street  markets.  There  is  no  registered 
int  1  rnir  ional  trade,  but  oecasionally  small 
quanlilies  are  exported  from  Nigeria  to  the 
United  Kingdom  and  the  United  States  for 
sales  fo  the  iTsident  Afrie.nn  rommunities. 

Properties  The  composition  of  Celosia  ar- 
gentea  per  100  g  edible  portion  is:  water  83.8  g, 
em  I  M\  185  kJ  (44  kcal),  protein  4,7  g.  fat  0.7  g, 
carbohydrate  7.3  g,  fibre  1.8  g.  Ca  260  mg.  P  43 
mg,  Fe  7.8  mg  (Leung,  W.-T.W.,  Busson,  F.  & 
Jardin,  C,  1968).  It  is  a  dark  green  leafy  vege- 

lable  with  a  hiiih  conlenl  of  micronutrients, 
comparable  with  amaranth  (Ainaranlhus  cm- 
entua).  Young  leaves  harvested  6-7  weeks  after 
sowing  have  the  best  nutritional  value  and  are 
eq>ecially  rich  in  Fe  vitnmm  ,\  and  vitamin  C. 
The  leaves  contain  phytic  acid  (120  mg/lOOg) 
and  oxalic  add  (20  mg/lOOg).  The  hig^  oxalic 

acid  content  makes  the  leaves  less  suitable  for 
fresh  consumption.  The  composition  is  strongly 
influenced  by  environmental  factors,  e.g.  soil 
fettility,  fertilizer  application  and  age  of  plant 

at  harvest. 

In  tests  in  India,  Celosia  argeiUea  seeds  re- 
duced blood  glucose  in  alloxan-tnduoed  diabetic 

rats.  Aqueous  si  <  il  e\tr;irts  showed  nnfimetas- 
tatic  and  immunomodulaim^  properties  in 
tests  with  mice.  The  addie  polysaccharide  celo* 
sian  isolated  from  the  seeds  was  found  to  be  a 
potent  antihepatoto.vic  atjent  for  chemical  and 
immunological  liver  uijury  models  m  animals. 
The  antimitotic  biQTclic  peptides  celogentins  A— 
C  and  moroidin  have  been  isolated  from  the 
seeds,  and  an  antiviral  protein  has  been  iso- 
lated from  the  leaves. 

Celosia  argeiitea  conI;iin-  m  J  l  .  t.'n  x  nniis  ,iiid 
j-ellow  betaxanthins  whu  h  ine  in  in^'  tested  as 
food  colorants.  Several  glycopyranosyls  have 
been  isolated  from  celosia,  induding  dtruain  C 
which  has  akin  depigmentaticm  properties.  The 


seed  of  Celosia  arRentea  contains  a  fetty  oil 
known  as  celosia  oil  in  India. 
Adnlteratioiia  and  substitutes  In  dishes, 

le;ify  \'egi't  allies  jirepared  in  the  same  way, 
especially  amaranths  and  other  Celoaia  Bpe- 
des,  can  be  used  as  a  substitute  for  Celosia 

argon  tea. 

Description  Erect  annual  herb  up  to  2  m 
tall;  stem  ridged,  glabrous,  branches  up  to  25 
per  plant  ascending.  Leaves  all(>rnate  simple, 
without  siijiules:  petiole  indistinrtly  demar- 
cated; blade  ovate  to  lanceolate-oblong  or  nar- 
rowly linear,  up  to  15(-20)  cm  x  7(-^)  cm,  ta- 
pering at  base,  acute  to  obtuse  and  shortly 
mucronate  at  apex,  entire,  glabrous,  pinnately 
veined.  Inflorescence  a  doiae,  many-flowered 
spike,  at  firsi  :i  i  al  but  becoming  cylindrical, 
up  to  20  em  ionsi.  l)raeteate.  silvery  to  pink,  in 
ornamental  forms  completely  or  partly  sterile 
and  in  many  colours.  Flowers  small,  bisexual, 
refjiilnr  .T-merous  tr[i.-ds  free,  narrowly  ellipti- 
cal-oblong,  6-10  mm  long;  stamens  fused  at 
base;  ovarj'  superior,  1-celled,  style  filiform,  up 
to  7  mm  long,  stigmas  2-3,  very  short.  Fruit  an 
ovoid  to  globose  capsule  3-4  mm  long  eireum- 
scissile,  few-seeded.  Seeds  lenticular,  1—1. o  mm 
long,  black  and  shining,  shallowly  reticulate. 


Celosia  argiaUea  -  1,  floweritig  brcmch;  2,  leaf. 
Redrawn  and  adapted  by  Iskak  Syammdin 
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Other  botanical  information  Celosm  com- 
prises about  50  species  and  occurs  in  all  tropi- 
cal and  subtropical  regions.  Cdosia  tirnriitrn  is 
by  far  the  most  popular  and  most  widely  culti- 
vated species.  There  are  three  major  types  of 
Celosia  €trgentea  cultivated  as  vegetable  in 
Nigeria  and  Benin:  green  broad-leaved  culti- 
vars  called  Soko  green';  broad-leaved  cultivars 
with  anthoqranin  pigmentation  of  the  leaf 
blades  and  parts  of  the  stem  called  'Soke  pupa'; 
and  rultivars  with  drrp  pronn  narrow  lonvos 
with  a  hard  texture  and  earlj'  flowering.  Soko 
pupa'  imparts  the  anthocyanin-red  colour  into 
the  s<iU]i  making  it  less  popular  than  Snko 
green  .  Improved  cultivars  of  'Soko  green'  with 
broad  pale  green  leaves  are  more  vigorous. 
Ornamental  types  of  (\'l(Ksia  aigeiitea  with 
I'asfiated  innuresoences  ha\i'  been  described  as 
Celvsiu  ciistala  L.  and  were  later  considered  as 
a  variety  or  form  of  C^oaia  cargentea.  They  are 
totraploid  (2;)  =  ;'.r.),  rnrrly  li!.v  (2n  =  108), 
whereas  wild  plants  ai-e  usually  octoploid  (2«  = 
72)  and  rarely  tetraploid  (in  India). 

Growth  and  development  The  seedling 
emerges  5—7  days  after  sowing.  Early  x'egeta- 
tive  growth  is  slow  but  flowering  may  occur 
alreac^  6-7  weeks  after  sowing.  Improved  cul- 

livars  have  a  more  rafiid  early  vegetative  de  - 
velopment but  flower  later.  12—14  weeks  after 
sowing.  The  early  flowering  of  local  cultivars  or 
wUd  types  makes  them  less  attractive  to  con- 
sumers and  more  amrnable  to  onro-over  har- 
vesting by  uprooting,  whereas  the  impi-oved 
cultivars  can  be  harvested  by  uprooting  as  well 
as  by  repeated  cutting.  Flowering  is  delayed  by 
repeated  cutting  of  the  tender  vegetal i\  e  parts. 
Pollination  is  by  wind  and  insects,  especially 
bees  and  Hies,  which  visit  the  flowers  regu- 
larly Seed  maturity  .starts  from  the  liasrd  part 
of  the  mfloi-escence  and  gx-adually  moves  up  to 
the  tip.  Consequently,  seeds  from  the  basal 
part.s  of  the  infloi-csceni-c  nrc  more  vicoroiis 
than  those  from  the  middle  and  apical  regions. 
Seeds  are  mature  in  10-20  weeks  from  sowing 
and  shatter  when  the  inflorescence  is  diy.  They 
remjiin  dormant  on  the  soil  surface  until  the 
start  of  the  ne.xl  rainy  season. 
Eoolosy  Celosia  grows  well  in  the  lowland 

humid  forest  zone  at  day  temperatures  of  .'^0— 
35'C  and  night  temperatures  of  23-28°C  and 
at  an  altitude  up  to  1700  m.  Growth  is  greatly 
retarded  hy  temperatures  below  20°C,  conse- 
quently it  does  not  grow  well  in  the  savanna 
region  of  West  Africa  during  the  harmattan 
period.  Celosia  performs  well  imder  partial 
shade,  espedally  in  diy  conditions.  Photoqm- 


thesis  in  celosia  follows  the  C^-cyclc  pathway; 
therefore  about  60%  of  full  sunlight  is  adequate 
for  optimal  growth,  making  celosia  especial^ 
suit  aide  for  pi'oduction  in  shad,\  Imme  gai'dens, 
A  well-dramed  sandy  loam  soil  allows  optimum 
growth,  but  celosia  also  grows  well  on  marshy 
soils.  In  Nigeria  and  Benin  it  is  frequently  pro- 
duced during  the  diy  season  m  so-called 
'fadama'  cropping  systems,  i.e.  on  hydromor- 
phic  soils  of  river  l).ink>  and  seasonally  flooded 
areas  .\n  additional  advantage  is  that  the 
tloodmg  eliminates  the  Meloidogyne  root-knot 
nematode  problem.  Celosia  tolerates  moder- 
alt  ly  saline  soils  of  25-.^0  mM  NaTI  It  is  mod- 
erately resistant  to  drought  and  performs  well 
imder  low  water  supply  of  the  dry  seaacm,  but 
severe  drought  promotes  early  flowerii^.  "Hie 
rainfall  requirement  during  the  rainy  season  is 
50U-10UU  mm. 
Propagation  and  planting  Celosia  is 

gi-own  on  raised  beds,  ridges  ni-  flat  beds.  It  is 
propagated  by  seed,  either  direct  sown  or 
transplanted.  The  1000-seed  weight  is  1.0-1.1 
g.  For  direct  sowing,  used  for  harvesting  by 
uprooting  whole  young  plants,  a  seed  rate  of  6- 
D  g  per  10  m-  is  used  fur  suwmg  m  rows  or 
broadcasting.  Seed  is  sometimes  mixed  with 

flry  fine  sand  to  obtain  an  even  seed  distribu- 
tion. Direct  sowmg  is  prone  to  excessive  use  of 
seed,  excessively  high  plant  densities,  difficult 
management,  poor  vegetative  growth  and  low- 
yield  With  transplanting,  less  seed  is  required. 
Seed  is  then  first  sown  m  nurseiy  beds  and 
after  2-3  weeks  the  seedlings  are  transplanted. 
For  harvesting  by  pruning  the  seedlings  are 
widely  spaced  ^15  cm  x  15  cm  on  the  beds),  for 
once-over  harvest  by  uprooting  a  spacing  of  10 
cm  X  10  cm  is  adequate.  Compared  to  direct 
sowing,  transplanting  gives  more  uniform  and 
vigorous  plants.  Crop  management,  e.g.  weed- 
ing and  fertilizer  applicaticm,  is  also  easier 
using  transplanting:  the  jnsld  is  high  and  the 
plant  quality  is  better.  Celosia  is  often  grown 
in  intercropping  systems  with  other  vegetables, 
cassava  or  yam.  For  seed  product  mn  a  number 
of  plants  are  set  aside  after  the  first  harvest. 
These  plants  are  cut  at  a  lower  height  to  en- 
courage the  production  of  lateral  shoots.  The 
seed  yield  is  L?(10-700  kg,/Iia. 

Management  No  weeding  is  required  if  the 
land  is  well  prepared  before  sowing  and  har- 
vesting is  by  uprooting.  In  case  of  widiur  [il m' 
ing  for  repeated  harvesting  with  improved  cul- 
tivars, 1-2  weedings  are  needed  before  the 
start  of  flowering.  In  mixed  cropping  celosia 
competes  better  with  weeds  than  Jew's  mallow 
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{Corchorns  olilorius  L.)  but  less  so  than  ama- 
ranth. Irrigation  is  optional  during  the  rainy 
season.  During  the  dry  season,  depending  on 
the  severity  of  heat  and  evapotranspiration,  2 
irrigations  per  week  are  recommended,  apply- 
ing  a  total  of  46  mm  water.  Celosia  tolerates 
dry  soil  Ix'tter  than  amaranth,  It  responds  well 
to  nutrients;  a  basal  fertilizer  treatment  is  not 
necessary  if  it  is  grown  on  rich  soils.  For  opti- 
mum vegetal  ivf  tii'owth  on  poor  or  moderately 
fertile  soils,  application  of  romplete  XPK  fertil- 
izer at  a  rate  of  100  kg/ha  in  a  single  dose  is 
needed  if  the  crop  is  harvested  by  uprooting, 
and  600  kg/ha  split  into  two  equal  applications 
if  the  crop  is  harvested  by  successive  cuttings. 
Organic  manure,  e.g.  poultry  manure,  cow 
dung  or  domestic  refuse,  at  a  rate  of  25-40  t/ha 
is  a  suitable  alternative  fur  inorganic  fertiliz- 
ers. Organic  manure  will  not  only  increase 
growth  but  also  reduce  the  population  and  ef- 

ferls  of  root -knot  ni'mntnilr-s. 

Diseases  and  pests  Celosia  is  susceptible  to 
several  leaf  fimgi,  whidi  can  be  severe  when 
air  humidily  is  high  and  during  rainy  weather 

and  result  in  poor  leaf  quality,  Ccicospora  celo- 
siae  causes  red-rimmed  grey  spots  on  the 
leaves.  White  rust  (AUntgo  bUti^  forms  white 
pustules  on  the  underside  of  the  leaves.  Other 
diseases  affectmg  the  leaf  (jiiahty  are  Alter- 
naria  leaf  spot  (AUemaria  spp  )  and  diarooal 
rot  {Macrophomma  phaaeolina,  Curt'tilaria 
spp.),  which  cause  dark  spots  on  the  leaves 
Wet  rot  or  stem  rot  caused  by  Choanephora 
eueurbitamm,  the  main  disease  of  amaranth 
during  the  wet  season,  is  sometimi  s  si  i  ioU'.;  in 
densely  planted  celosia.  Rhizoclonia  solum  and 
Pythmm  aphanidermatum  cause  damping-off 
of  seedlings.  Celosia  is  highly  susceptible  to 
root-knot  nematodes  {Mrlnifln^yuf  spp  )  caus- 
ing galls  on  roots,  unthrifty  growth,  small  and 
dioodate-ooloured  leaves  as  well  as  reductions 
in  yield  of  up  to  10%.  Tt  is  therefore  recom- 
mended that  celosia  not  be  grown  continuously 
and  that  it  not  be  followed  by  other  crops  sus- 
ceptible to  root-knot  nematodes  sudi  as  okra, 
gboma  esiuphint.  Jew  s  mallow,  lettuce  or  to- 
mato. \  ariution  in  degree  of  susceptibility  to 
root-knot  nematodes  exists  among  cultivars, 
but  no  resistant  cultivnrs  have  been  reported. 
However,  the  application  of  much  organic  ma- 
nure reduces  the  nematode  population,  as  well 
as  annual  flooding.  Caterpillars  of  Hyinenia 
recurvnlh  and  P.tain  bipuiirlalis  feed  on  the 
leaves.  The  use  of  appropriate  pesticides  can 
control  them.  Sprasring  should  start  at  detec- 
tion of  the  cateipiUars  and  diould  be  applied 


once  a  week  for  three  weeks.  <  Jrasshoppers  and 
aphids  cause  minor  damage  in  celosia. 

Harvesting  Celosia  is  harvested  either  by 
uprooting  or  by  repeated  prunins  of  the  stem 
which  encourages  production  of  side  shoots  for 
further  cuttings.  Growers  at  times  combine  the 
two  methods,  first  uprooting  as  a  thinning  c>p- 
eration  to  encourage  vigorous  growth  among 
the  remaining  plants,  which  are  then  har- 
vested by  repeated  cutting.  Depending  on  soil 
fertility  and  moisture,  the  crop  is  ready  for 
uprooting  1-5  weeks  after  direct  seeding  or 
about  4  weeks  after  transplanting.  The  first 
cutting  is  carried  out  at  a  height  of  lO-l  .^  em 
leaving  a  auMcient  number  of  axillaty  buds  for 
the  production  of  lateral  shoots.  Subsequent 
cuttings  are  earned  out  at  2-weekly  intervals, 
allowing  4-5  harvests  before  the  start  of  flow- 
ering. Flowermg  is  delayed  by  regular  cutting. 
Traditional  cultivars  flower  earlier  than  im- 
proved ones  and  are  therefore  not  suitable  for 
harvesting  by  repeated  cutting. 

Yield  In  an  experiment  in  Nigeria  a  yie\d  of 
a  well-managed  crop  harvested  by  uprooting 
was  17  t/ha  while  repeated  euttint;s  yielded  .j7 
t/ha.  Repeated  cuttings  also  resulted  m  a  bet- 
ter quaUty  of  the  produce  and  less  inedible 
waste  and  gave  a  higher  economic  return.  .Al- 
though celosia  IS  a  productive  leaty  vegetable, 
its  yields  are  lower  than  those  of  amaranth. 

Handling  after  harvest  Harvested  plants 
are  bundk  d  and  tied  after  washing  of  soil  from 
the  roots.  They  are  then  sprinliled  with  water 
to  keep  them  fiiesh  for  marketing.  If  harvested 
late  in  the  evr'ning,  the  plants  are  spread  on  a 
roof  overnight  and  kept  fresh  by  the  night  dew. 
In  the  maricet,  the  plants  are  tied  into  small- 
sized  bundles  of  0.6-1.0  kg  for  sale  They  are 
kept  covererl  by  jute  cloth  an<l  regularly  wa- 
tered. Shelf  life  of  uprooted  plants  is  extended 
by  2^  days  by  keeping  the  roots  in  a  basin 

with  water 

Genetic  resources  A  collection  of  Celosia 
germplasm  is  maintained  at  NIHORT,  Ibadan, 
Nigeria  and  .several  working  collections  are 

maintained  elsewhere  in  West  .Africa.  Celoaia 
aigentea  is  one  of  the  24  vegetable  gpectes 

identified  by  IBPGR  in  1979  whidi  show  ge- 
netic erosion  and  are  of  local  importance  or 
rank  second  in  priority  on  global  scale.  Germ- 
plasm  collections  are  required  for  conservation, 
screening  and  selection  of  improved  cultivars. 

Breeding  Limited  breeding  work  has  been 
done  on  celosia.  In  Nigeria  selections  have  been 
made  in  local  and  improved  cultivars  baaed  on 
leaf  size  and  ahape,  and  on  flowering  period. 
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Linos  have  been  selected  for  low  red  or  pui-plo 
colouration  in  the  leaves.  Completely  s^en 
cultivars  were  selected  in  Benin  and  Nigeria 
and  an-  now  generally  iisfd,  Impruvcd  culti- 
vars are  more  efficient  m  terms  of  leaf  pi-oduc- 
tion  and  leaf  area  per  plant  than  the  unse- 
lected  local  cultn  ars. 

ProapectB  Celosia  argentea  is  a  nutritious 
and  eas>'  to  cultivate  vegetable,  important  for 
soulhcrn  Xij^cna  and  Benin  and  with  polenlial 
for  Dtlicr  lowland  areas.  Improved  Xiprrian 
cultivars  are  late  maturing  and  suitable  for 
repeated  cuttings,  and  have  a  high  srield  imder 
proper  management.  Suitable  cultivars  with 
rapid  early  vegetative  growth  should  be  se- 
lected for  harvesting  by  uprooting.  Breeding 
and  selection  work  should  aim  at  the  develop- 
ment of  cultivars  with  resistance  to  diseases 
and  pests,  particularly  rout-knol  nematodes. 
Researdh  should  also  focus  on  the  development 

of  ailcquatr  ridfura!  [u-ai  l  ices  in  sole  .and  inlcr- 
croppmg  systems,  including  irrigation.  Simple 
and  cheap  storage  systems  that  can  be  used  to 
pi  I  dung  the  shelf  Ufe  of  harvested  seedlings  as 
\\'ell  us  ensure  good  leaf  quality  for  marketing 
are  also  required. 

Major  references  Babatola,  J.O.  &  O gun- 
warp,  J.R.,  15)78:  Radra  T,  VMY.V,  Burkill 
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G.J.H..  1977;  Martin,  P.W.  &  Ruberti,  R.M., 
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CELOSU  TRIGYNA  L. 

Protologue  Mant.  pi.  2:  212  (1771). 

Family  Aniarant haeeae 

Chromosome  number  2/(  =  18 

Synonjrms  Celosia  Utxa  Sdiumadi.  & 
Thonn  (1827i  r,>/o«ia d^ui  Suess.  (1961). 

Vernacular  names  Silver  spinadi,  wool- 
flower,  cock's  comb  (En).  C^losie,  cr§te  de  eoq 
(Fr).  B(')rob6r6  6&0  (Po).  Mfungu  (Sw). 

Origin  and  geographic  distribution  Crlosia 
trigyna  occurs  almost  throughout  tropical  Af- 
rica, also  in  South  Africa  and  southern  Arabia, 
often  as  a  weed.  It  is  r*  <  nr<l<'d  as  a  leafy  vege- 
table in  Benm  and  southern  Nigeria,  but  also 
m  South  Africa.  CetoiMt,  trigyna  has  been  m- 
troduced  in  the  United  States,  where  it  is  lo- 
cally natiiiali/.cd. 

Uses  Celosia  trigyna  leaves  are  consumed  as 
a  vegetable,  finely  cut  in  soups,  stews  and  sau- 
ces. The  slightly  bitter  leaves  are  pnpidar 
amongst  the  Yoruba  people  in  south-western 
Nigeria,  where  the  plant  is  known  as  'aje  fo 
wo'. 

The  plant  is  used  in  traditional  medicine.  In 
Sierra  Leone  it  is  used  for  the  treatment  of 
heart  complaints,  whereas  in  northern  Nigeria 
it  is  used  to  {rv:\\  i>ustular  skin  cn.ijttion  In 
Ghana  it  is  applied  to  sores  and  boils.  Pulped 
leaves  are  used  to  treat  costal  pains,  chest 
troubles,  stomach-ache  andurethrni  iii-nr<l<  i s 
ITie  plant  is  included  in  several  medicinal 
preparations  used  to  treat  women  s  disorders 
and  diseases,  including  ovarian  troubles  in  DR 
Congo  and  excessive  menstruation  in  I-^tliiopia. 
The  leaves  and  flowers  are  used  to  treat  diar- 
rhoea. The  plant  is  eat^  by  livestodc,  but  re- 
ports on  its  acceptability  are  contradictory. 


Celoaia  trigyna  -  wild 
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Fkx>duction  and  international  trade  Celosia 
irigytia  is  a  minor  vegetable  sold  in  local  and 
dty  maricetB.  Production  data  are  not  ayail- 

ablc, 

Properties  The  nutritional  composition  of 
Celosia  trigyna  leaves  per  100  g  edible  portion 

is;  water  89  g.  en<>rt,'y  138  kJ  (33  kcal),  protein 
2.7  g,  fiat  0.4  g,  carbohydrate  6.4  g,  fibre  1.4  g, 
Ca  164  mg,  P  32  mg,  Fe  6.0  mg,  P-carotene  1.9 
mg,  riboflavin  0.1  mg,  ascorbic  acid  10  mg 
(Leung,  W.-T.W.,  Busson,  F.  &  Jardin,  C, 
1968). 

Cekma  trigyna  has  shown  anthelmintic  prop- 

crtii  s  in  huin;ui<  nu  thanol  extracts  of  the 
whole  plant  have  shown  acaricidal  properties. 

Adulterations  and  anbstttntes  Leaves  of 
Celosia  trigyna  used  in  soups  can  \>v  l  eplaced 
b\  li>n\i'.s  uf  Celosia  argeatea  L.  and  several 
Ainaiuiithus  species. 

Description  Erect  annual  heib  up  to  120(— 
180)  cm  tall;  stem  simple  or  branched,  grooved 


Celosia  trigyna  -  1,  plant  habit;  2,  flowering 
hixaieh. 

Redrawn  and  adapted  by  Iskak  Syamsudm 


or  striate,  glabrous  or  with  few  hnirs,  usually 
pinkish  brown.  Leaves  alternate,  simple,  with- 
out stipules;  petiole  up  to  5(-8)  cm  long;  blade 
broadly  ovate  to  narrowly  lanceol.itc  (l-)2- 
8.5(-l6)  cm  X  (0.5-)l-  4(-5)  cm,  tapering  to 
truncate  at  base,  acute  to  acuminate  at  apex, 
entii  i-  glabrous  or  slightly  shni  tly  hairy  below, 
pinnately  veined.  Inflorescence  an  axillary  and 
terminal  simple  or  brandied  spike  6.6-36  em 
long,  formed  of  distant  or  approximate  dusters 
of  flowers,  bract  onto,  silvriy  to  pink  Flo\vprs 
small,  bisexual,  regular,  5-merous;  tepals  free, 
ovate-elliptical,  2-3  mm  long,  shortly  mucro- 
nate:  stamens  fused  at  base:  ovary  superior.  1- 
celled,  style  very  short,  stigmas  2-3.  Fruit  an 
ovoid  capsule  c.  2  mm  long,  dreumaciaMle,  few- 
seeded.  Seeds  lenticular,  o  1  mm  long,  blade 
and  slilninij.  sh:illoul\  Rlic-ulate. 

Otlier  botanical  information  Celosia  com- 
prises about  60  spedes  and  occurs  in  all  tropi- 
cal and  subtropirnl  regions.  Crin.sia  trigyna  is 
probably  the  most  widespread  species  in  tropi- 
cal Africa.  It  differs  from  many  other  Celosia 
spedes  in  its  chromosome  number,  being  dip- 
loid and  is  considered  to  have  an  isolated  posi- 
tion wilhin  the  genus. 

Some  other  species  are  often  confused  with 

Celosia  trisyiia  and  thest>  arc  ])riibrilily  used  as 
a  vegetable  as  well:  Celosia  globosa  Schinz 
(found  from  Nigeria  to  Uganda),  Celosia  isetiii 
C.C.Towns,  (throughout  tropical  Africa  .  xn  i)t 
the  nortb-oastorn  part)  Celnsin  Irptt/slarhya 
Benth.  (Sierra  Leone  to  DK  Congo)  and  Celosia 
pseudovirgata  Sdiinz  (Nigeria  to  DR  Congo). 

Growth  and  develoijment  Si  i  d  m  rnii- 
nates  4-6  days  after  sowing.  The  growmg  pe- 
riod is  90-120  days  from  planting  to  seed  ma- 
turity. The  flowers  are  pollinated  by  insects. 

Ecolog\'  Crlnsia  Iriffyiia  occurs  in  forest 
clearings  and  grassland,  along  roadsides  and 
rivws,  and  as  a  weed  in  fields,  up  to  160(K- 
2000)  m  altifiido  If  requires  iif)  io  2500  mm 
annual  rainfall  and  maximum  temperatures  of 
25-30*C  for  optimum  growth,  and  does  not 
tolerate  temperatures  below  15'C.  It  grows  on  a 
wide  range  of  soils,  but  prefers  fertile  well- 
dramed  loamy  soils. 

Propagation  and  planting  Cdosia  trigyna 
is  propnpated  by  seed  whirh  is  either  broad- 
cast or  drilled  directl>'  on  plant  beds.  The  seeds 
are  small,  the  lOOO-seed  weight  being  about  0.3 
g  A  seed  rate  of  8  kg/ha  is  recorded  as  ade- 
quate Hcfnre  sowing,  the  seed  is  mixed  with 
sand  or  Imely  sieved  soil  to  achieve  a  uniform 
spread  and  good  plant  estabhshment.  Broad- 
casting the  seed  is  preferred  for  leaf  produc- 
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tion.  Plants  arc  thiiincd  to  a  spacing  of  about 
15  cm;  they  become  verj'  bushy  with  overhang- 
ing branches  at  wider  spadnga.  DrilUng  in 
rows  spaced  n  8-1,0  m  apart  is  more  suitable 
for  seed  product  ion. 

Blaiuigement  Celonia  trigyna  requires  fer- 
tile soils  for  proper  growth.  In  poor  or  moder- 
ately fertile  soil,  incorporation  of  organic  ma- 
nure at  a  rate  of  20—26  t/ha  before  planting  is 
recommended.  As  an  alternative,  application  of 
NPK  (20-10-10)  at  ;W0-)00  kg/ha  is  suitable 
for  a  single  har\'est  by  uprooting,  whereas  in 
case  of  repeated  cutting  a  higher  dose  of  500- 
700  kg/ha  can  be  applied.  Weeding  is  essential 
at  the  early  seedling  stage  and  regular  water- 
ing is  required  during  dry  periods. 
Celoaia  trigyna  often  becomes  weedy  in  other 
ci-0|>s  It  can  be  controlled  fairly  easily  both 
mechanically  and  w  ith  herbicides. 

Diseases  and  pests  Disease  incidence  is  not 
common  in  Celosia  trifiyiia  nnd  no  records  of 
serious  diseases  are  available,  insect  pests 
recorded  include  millipedes  and  the  adults  and 
nymphs  of  the  tortoise  beetle  (Cassida  toata), 
which  feed  on  the  leaves.  In  south-western 
Nigeria,  a  few  destructive  insects  have  been 
recorded  on  the  plant.  Adults  of  GaaterwlUus 

rhoiuhniflalis  attack  the  stem  and  the  leaves 
are  attacked  by  adults  of  Aiiacatantopa  no- 
tatiis.  The  larvae  of  Seeliodea  laiaalU  and  Hy- 
itH'uia  riTitri  ali.s  arc  dcst  ructive  to  the  leaves. 

Harvesting  ("clnsia  In'fiyna  can  bo  har- 
vested either  by  uproot  mg  of  young  and  vigor- 
ous seedlings  or  by  repeated  cutting.  The  first 
leaf  harvest  is  about  8  weeks  after  sowing  nnd 
up  to  8  pidungs  of  young  shoots  are  possible  m 
a  period  of  2  months  before  flowering  reduces 
growth.  Cutting  of  side  brandies  and  .stems  at 

cm  .ibri\-c  soil  K  vi  1  encourages  branching. 

Yield  W  eekly  har\'est  for  a  period  of  up  to  2 
months  can  yield  about  4-6  t/ha  of  fredi  vege< 

table. 

Handling  after  harvest  Fresh  leaves  are 
used  for  home  consumption  or  marketing  di- 
rectly after  the  harvest  or  dried  foi-  later  use. 
Fresh  stem  and  branches  are  tied  into  small 
bundles  before  they  are  taken  to  the  markets 
for  sale. 

Genetic  resources  Diversity  within  f c/o.sm 
trig^'HO  is  considerable,  but  there  is  no  mfor- 
mation  on  attempts  to  collect,  conserve  and 
diaracterize  the  diversity.  Improved  l  ultivars 
are  not  available.  There  is  no  threat  of  ge  netic 
erosion  in  wild  populations  because  Celosia 
trigyiui  is  widespread  and  common  in  disturbed 
habitats. 


Prospects  Celosia  Irifiyiia  is  currently  of 
little  importance  as  a  leafy  vegetable  in  com- 
parison with  Celosia  argmtea,  but  availability 
of  genetically  improved  tyiies  and  suitable  ag- 
ronomic practices  could  rapidfy  increase  the 
production  as  a  tasty  leafy  vegetable. 

Major  references  Burkill.  II.M..  198.5: 
Leung,  VV.-T.W.,  Busson,  F.  &  Jardin,  C,  1968; 
Mander,  M.,  1998;  Townsend,  C.C.,  1986; 
Towns,  nd  CO.,  1988;  Townsend,  C.C.,  2000; 
van  Eijcnhuijsen  C.W.  1974. 

Other  references  Akinlosotu,  T.A.,  1983; 
Badra,  T.,  1993;  Cavaco,  A.,  1974;  Dupriez,  H. 
&  De  Leener  P.,  1989:  Eluwa,  M.C..  1977: 
Gbile,  Z.O.,  1983;  Lowe,  J.  &  Soladoye,  M.O., 
1990;  Townsend,  C.C.,  1975;  Townsend,  C.C., 
199.3. 

Sources  of  Ulustration  Townsend,  C.C., 
1975. 

Authors  O.A.  Denton 


CERATOPTERIS  THAUCTROIDES  (L.)  Brongn. 

Protologue  Bull.  Sci.  Soc.  Philom.  Paris, 
ser.  3,  8;  186,  t.  3-4  (1821). 
Family  Pteridaceae 

Chromosome  mmnber  n  -  77,  78,  80;  2n  = 

154.  156 

Synonyms  Aero»tichum  thaUetroidea  L. 
(1753),  CercUopteris  contuta  (P.Beauv.)  Lepr. 

(18:^0). 

Vernacular  names  Water  sprite,  swamp 
fern,  floating  stag's  horn,  Sumatra  fern,  Indian 

fern  oriental  water  fern  (En)  Fougere  de  Su- 
matra, fougere  aquatiqiie  flottante  (Fr). 

Origin  and  geographic  distributkm  Ceraith- 
pterin  lhalictroides  is  found  worIdwid<>  in  the 
lowland  tropics  espocinlly  of  the  <  >I(i  World.  It 
IS  foimd  throughout  .Vtrican  coastal  lowland, 
and  is  especially  common  in  West  African  es- 
tuaries and  swamps. 

Uses  The  only  record  of  Cemlopleris  tlialic- 
troidea  being  eaten  in  Africa  is  from  Madagas- 
car, where  it  is  used  in  a  similar  way  as  water- 
cress. It  is  commonly  eaten  throusihout  South- 
East  .Asia.  In  Malaysia  and  -Japan  it  is  an  es- 
tablished luxury  vegetable.  The  jroung  leaves, 
before  they  hnve  uncurled  make  excellent 
greens  and  when  cooked  or  blanched  they  can 
be  eaten  as  a  salad. 

The  I'i.inis  cin  |]e  used  as  a  green  iimiuih  in 
rice  I'lelds.  .Medn  inally,  this  fern  (both  leaf  and 
root)  is  used  in  Malaysia  and  the  Philippines  as 
a  poultice  against  skin  complaints,  e.g.  as  a 
drawing  agont  <m  carbuncles,  in  China  as  a 
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styptic  to  stop  blccdmg.  Ceralopferis  species, 
including  Cemtopteris  thalictmides,  nre  grown 
as  ornamentals  in  aquariums,  popuhirly  <vill<'>l 
'water  sprite',  Crralnpfffis  tiKtliclroidcs  and 
especially  also  Ceraiopleris  richavdii  Brongn. 
serve  as  model  plants  in  developmental  biology 
and  molecultir  research.  They  are  ust^ful  for 
research  because  they  have  independent  hap- 
loid  and  diploid  life  phases,  a  short  life  cycle,  a 
simph  ^'cneiif  system,  and  reproduce  by  sin- 
gle-collrii  h.ijildiil  spnrrs. 

Properties  .Vlkaloids,  arbutm  and  tannm 
have  been  fomid  in  the  green  parts  of  Ceratop- 
tei  i.t  tlinlictroicles. 

Botany  Aquatic  or  semi-aquatic  £ern,  up  to  1 
m  tall,  floating  or  rooted  in  soil,  with  short, 
erect  rhizome  and  rosette-like  tuft  of  leaves. 
Leaves  dimorphous;  sterile  leaves  with  succu- 
lent petiole  5-GO  cm  long,  sparsely  scaly  with 
broad,  pale  brown  scales,  filled  with  air  canals, 

Inminri  of  sterile  Ittivps  1  — i'-pinnatr-  iiji  lu  L'O 
cm  X  10  cm,  membranous,  glabrous,  with  evi- 
dent anastomosing  veins,  often  provided  with 
adventitious  buds  in  axils  of  pinnae,  pinnae 
irregularly   shaped,   ultimate   lobes  linear- 


Crratoptpris  thaUctroides     1,  habit;  2,  petioh' 
scale;  3,  fertile  part  leaf  segment;  I,  sporangia 
along  vems;  5,  sporangium;  6,  ^>ores. 
Source:  PROSEA 


oblong  to  elliptirni;  lamina  of  fertile  leaves 
erect,  2— 1-divided,  up  to  100  cm  x  50  cm,  ulti- 
ni.'ite  lobes  linear,  margin  revolute.  covering 
the  sporanKia  scattered  indivi<lually  aloiii;  the 
vems.  Spores  tetrahedral,  95-125  \im  m  diame- 
ter, pale  yellow,  translucent,  with  irregular 
reticulu  m 

Ceratopteria  is  often  classified  in  Pariteriaceae, 
a  family  included  in  Pteridaeeat  here.  Cerettop' 
teris  thaHclroides  is  moTphologically  very  vari- 
able. If  prown  under  water  as  in  nqunriinns, 
the  lamina  of  the  submersed  (sterile)  leaves  are 
finely  3-4-pinnate,  with  ultimate  lobes  linear. 

Ecology  (^fnilofiti'iis  llifilidmides  is  a  float- 
ing or  loosely  rooted  aquatic  fern.  It  grows  in 
swampy  areas,  swamp  forests,  marshes,  natu- 
ral and  man-made  ponds,  mostly  in  stagnant 
water  bodies  or  in  still  pockets  along  slow  flow- 
ing rivers,  from  sea-level  to  13U0  m,  but  mostly 
below  600  m  altitude.  It  occurs  in  lull  sun  to 

modernle  shade,  sometimes  m.issed  on  or 
around  logs  or  other  floating  vegetation. 

Management  CeraU^ttens  thalictroidea  has 
a  very  short  life  tgrde.  The  wh  >l>  c  ycle  from 
spore  to  spore  can  be  completed  in  less  than  30 
days.  Apart  from  spores,  the  plant  reproduces 
by  bulbils  growing  on  the  leaves.  In  Japan  and 

South-East  Asia  Crratopfrris  Ifidlict roidi-.t  is 
sometimes  cultivated  for  food,  but  rarely  com- 
mercially. Farmers  harvest  the  plants  from  rice 
fields  and  swampy  locations  for  local  consump- 
tion In  nquarium  culture  the  mother  plants 
are  nunnally  split  m  3-leaf  segments,  but  any 
part  of  the  leaf  if  left  floating  in  the  water  wiU 
gi\f  i-ise  tn  m  w  plnntlets 

Genetic  resources  and  breeding  Ceratop- 
teria thaUetroidea  is  distributed  throughout  the 
tropics  and  is  not  in  danger  of  genetic  erosion 
or  extinction.  In  Africa,  the  proprnmnies  to 
conserve  the  natural  wetlands  will  help  the 
species  to  maintain  its  genetic  diversity. 

f  irrm|>lrism  collect  idtis  or  hreedinp  pro- 
grammes are  not  known  to  exist,  also  because 
it  is  considered  a  weed  in  rioe  fields. 

Prospects  The  fact  that  Ceratopleris  ihalic- 
troidt-s  iil;ints  are  e;iten  as  a  vegetable  m  Asia 
and  Madagascar  indicates  a  possible  similar 
use  for  the  African  continent.  It  seems  worth- 
while investipai  int:  this  potential  further. 
Studies  should  include  the  nutritional  value, 
possible  negative  health  indications,  unknown 
local  uses,  the  environmental  impact  of  la^^ge- 
scale  gathering  from  the  wild,  as  well  as  possi- 
bilities for  commercial  production. 

Bf^Jor  refbremoes  Buridll,  H.M.,  2000; 
Copeland,  E.B.,  1942;  Decary,  R.,  1946;  Chan- 
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pen  Prakongvongs,  2003. 

Other  references  Alston.  A.H.G.,  1959; 
l^.'iKMiift.  K.C..  1909:  Jiivalkegar.  S  R..  1960; 
Klekuwski.  E.J..  U)7nl>;  Lloyd.  \IM  1972: 
Lloyd,  R.M.,  1974;  Masuyama,  S.  &  Watano, 
T.,  1994;  Pal,  N.  &  Pal  S.,  1969;  Schelpe, 
E  .\  r  L  I-:,,  197nM:  Tan!i<'U-ni(.t.  M  L,  19G4a. 

Sources  of  illiutration  Chanpen  Prakong- 
vongs^ 2003. 

Authors  W.J.  van  der  Rurg 
Basod  on  PROSEA  15(2):  Ciyptogams:  Fema 
and  fern  allies. 


CERATUTUECA  SESAMUIDES  Eudl. 

Protologue  Linnaea  7:  5,  t.  1-2  (1832). 

Family  Pfilaliiu-eae 

Chromosome  nmnber  2ii  —  32 

Synonyms  Ceratolheca  meUmo^rma 
Hnc-h.^t  o\  Pornh.  (1842),  Sexunwn  hmcMotii 
St.apf(1906). 

Vernacular  names  False  sesame  (E2n). 
Fau.x  sesame  (Fr).  LaIoK»mmho  (Po).  Mlenda, 

mlen<l;i  \v;i  sc^i'  (Sv\') 

Origin  and  geographic  distxibutiou  Cerulu- 
theea  seaamcndea  ia  Indigenous  in  Africa  and 
occurs  wild  in  most  counlrics  south  of  the  Sa- 
hara. It  is  locally  cultivated. 

Uses  The  leaves  and  flowers  of  false  sesame 
are  ci.nsuincd  as  ;i  '.■>  l". ■! able.  The  leaves  are 
finely  chiijijicd  and  used  in  sniicos.  They  aro 
also  pounded  and  mixed  with  groundnut  ilour, 
salt  and  a  little  hot  water  and  cooked  for  a  few 
minute<  The  mixture  is  eaten  as  a  sauce  with 
porridge;  w  arm  milk  may  be  used  instead  of 
water.  Ash  may  be  added  to  soften  the  leaves 
and  to  reduce  bitterness.  Onions  and  tomatoes 


Ceratotheea  aeaamoidea  -  wild  atid  planted 


may  al.so  be  added.  The  seeds  are  crushed  to 
form  a  paste  that  is  eaten  with  beans  or  cas- 
sava. They  are  also  crushed  for  their  oil,  which 
is  especially  suiTimI  as  salad  oil, 
Adding  leaf  sap  of  false  sesame  to  the  boilmg 
seed  pulp  of  Vitellaria  paradoxa  C.F.Gaertn. 
while  making  shea  butter  aids  the  separation 
of  £at.  A  decoction  of  the  plant  is  used  against 
diarrhoea.  Leaves  are  steeped  in  water  and  the 
slimy  liquid  is  dropped  into  the  eye  to  (real 
conjunctivitis.  The  mucilaj^c  is  occasionally 
used  as  an  emollient  and  lubricant.  A  leaf  mac- 
eration facilitates  delivery  in  humans  and 
animals  Leaves  are  warmed,  ground,  mixed 
with  ash  and  rubbed  on  inflamed  cervical 
lymph  nodes.  Leaves  ground  with  the  riuz<»ne 
of  Anchomanea  difformia  (Blume)  Ebigl.  are 
applied  topically  in  cases  of  leprosy.  False 
sesamum  is  also  reported  to  be  used  as  an  aph- 
rodisiac, against  jaimdice,  snakebites  and  skin 
diseases.  The  plants  are  eaten  by  camels,  cat- 
tle, goats  and  sheep. 

Properties  The  nutritional  composition  of 
fireah  leaves  of  false  sesame  per  100  g  is:  water 
81  g,  energy  226  kJ  (54  kcal).  protein  4.2  \i.  fat 
0.5  g,  carbohydrate  11. 0  g,  Ca  UUG  mg,  P  86  mg, 
Fe  3.2  mg,  ascorbic  acid  28  mg.  Ilie  nutritional 
oompo.sition  of  the  seen!  is:  u  aler  7.0  p.  enerpy 
2303  kJ  (550  kcal),  prulem  14.2  g,  fat  4G.5  g, 
carbt^ydrate  27.6  g,  Ca  887  mg,  Fe  38  mg, 
thiamin  0.75  mg,  riboflavin  0.;^  mg,  niacin  4.4 
mg  (Leung,  W.-T.W  Russon  K  &  rlardin  ('., 
1968).  The  seed  oil  is  similar  in  composition  to 
sesame  oil.  It  contains  the  phenylpropanoid 
lignan  sesarniii  This  ciinii>ound  ^linwcd  .anti- 
oxidant, anti-mflammatory,  antihypertensive, 
ototoxic  (including  antitumour)  and  inseeti- 
cidal  activities. 

Adulterations  and  substitutes  Wild  spe- 
cies of  Sesamum  often  replace  Ceratotheca 
$«$amoide8  as  a  vegetable. 

Description  .\nntjal  h«  rl>  up  to  100(-120) 
cm  tall,  sometimes  with  wood>'  rootstock,  with 
prostrate,  ascending  or  erect,  pubescent  stems. 
Leaves  opposite  or  nearly  opposite,  simple; 
stipules  absent:  petiole  up  to  f5  cm  long  in  lower 
leaves,  very  short  in  upper  leaves;  blade 
lanceolate-deltate  to  ovate-triangular  or  nar- 
rowly ovate  1  .5— 8  cm  '"^  O..*! — 1.5  cm  Inincate, 
broadly  cuneate  or  slightly  hastate  at  base, 
acute  at  apex,  usually  coarsely  toothed  at  least 
toward  base,  pubescent  and  densely  glandular 
below,  sparsely  so  above  palnintely  veiiK^l  at 
base.  Flowers  solitarj'  in  leaf  axils,  bisexual, 
zygomorphic,  S-merous;  pedicel  3-8  mm  l<mg; 
calyx  with  narrowly  triangular  lobes  up  to  7 
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CeraUdheea  seaemoidea  -  /,  floweruig  branch; 

2.  fruit:  ?..  .sv.v/.s. 

Redrawn  and  adapted  by  IshaJi  Syainaiidiu 

mm  lonp,  connate  nt  base;  cnrolln  funncl- 
shn]><(i,  1.5—1  cm  long,  spnrsoly  injboscr'nt, 
pink,  lilac,  mauve  or  purple,  thi-oat  and  lower 
lobe  often  cream  with  daik  lines,  lower  lobe 
broadly  ovate  nnd  lon^'or  thnn  ufhcf  lohcs: 
stamens  4,  inserted  near  base  of  corolla  tube 
and  included;  ovar\  superior,  2-celled  but  each 
cell  almost  to  rqx  x  dividod  by  a  false  septum, 
style  long  anti  slmilcr  with  2-lobed  stigma- 
Fruit  an  oblong-quudrangular  capsule  1-2  cm 
long,  compresaed  laterally,  with  slender  lateral 
horns  up  to  3.o  mm  long,  lorulicidnlly  dehis- 
cent, many-seeded.  Seeds  broadly  obovate  in 
outline,  compressed  laterally,  2.5-4  mm  x  2- 
2.5  mm,  testa  smooth  but  radially  rugose  at 
margin,  usually  black  when  ripe.  Seedling  with 
epigeal  germination;  hypocotyl  l.u— 4.5  cm  long; 
cotyledons  broadly  elliptical,  up  to  1  cm  long, 
enliro  I<\-)fy 

Other  botanical  information  Ceratolheca 
comprises  5  q>ecie8,  all  native  to  Afirica.  It  is 
related  to  Sesamum,  but  Seaamum  fruits  lack 
lateral  horns. 

Cemiotheca  sesamoides  and  other  Pedaliaceae 
are  covered  with  mucilage  glands.  The  mature 
secreting  glandular  hair  conaiats  of  a  head  of  4 


cap  colls,  which  are  attached  to  a  stalk  of  1-3 
cells.  The  glands  may  enable  the  plant  to  with- 
stand severe  deaiocation  without  tissue  denth 
After  contact  with  water,  the  outer  cell  walls  of 
the  head  cells  dissolve,  producing  an  enormous 
amount  of  mucilage. 

CeraU^heea  triloba  (Benih.)  Ilook.f.  occurs  in 
southern  Africa.  It  is  used  medicinally  and 
grown  as  an  ornamental,  and  occasionally,  e.g. 
in  Zimbabwe,  it  is  used  as  a  leafy  vegetable  in 
times  of  shortage  when  tastier  vegetables  are 
not  available. 

Growth  and  development  The  stems  of 
false  sesame  are  usually  prostnite:  each  plant 
produces  10  or  more  creeping  stems.  The  regu- 
lar removal  of  young  shoots  permits  sustained 
vegetative  growth  and  ilowering,  prolonging 
the  prodiicl period.  Corutolln'ca  st'saDKii'dcs 
is  primariK  selt'-pollinated;  the  llowers  open  at 
dawn,  after  pollination  has  occurred.  It  takes 
about  f)  works  from  anthesis  to  finjit  maturity. 

Ecology  Ceratolheca  aesamoidea  shows  a 
wide  range  of  adi^ability  and  environmental 
flexibility  It  occurs  as  a  w  eed  and  in  formerly 
cultivated  fields,  particularly  on  well-drained 
sandy  soils  and  in  localities  well  e.xpused  to  the 
sun.  It  tolerates  heat  and  drought  well.  Under 
more  nriliiral  conditions  it  occurs  in  open  grass- 
land and  tree  savanna  on  sandy  soils,  rarely  m 
rocky  localities. 

Propagation  and  planting  False  sesame  is 
mainly  n  protected  weed,  but  lociilly  e  g  in 
northern  L  ganda,  it  is  sown  m  fields  and  inter- 
cropped witii  okra,  eggplant,  cowpea,  ama- 
ranth sorghum,  sweet  potato  and  sesnine. 
Seed  IS  broadcast  at  the  onset  of  rams.  It  does 
not  show  dormanqr. 

Management  .Apart  from  some  weeding 

little  rare  is  given  to  false  sesame. 

Diseases  and  pests  In  Burkina  Faso  false 
sesame  is  recorded  as  one  of  the  vegetables 
most  tolerant  to  diseases  nnd  posts. 

Harvesting  For  vegetable  use,  young  tender 
stems  are  picked.  Flowers  are  also  included, 
but  fruits  are  avoided. 

Handling  after  harvest  The  smaller  leaves 
at  the  stem  apex  are  selected  for  cooking. 
Leaves  may  be  preserved  by  drying. 

Genetic  resources  It  seems  unlikely  that 
false  sesame  is  threatened  by  genetic  erosion, 
since  it  is  weedy  and  becoming  domesticated  in 
parts  of  Africa,  A  collection  from  wesi<  m  Su- 
dan was  deposited  at  the  .Agricultural Research 
Corporation,  Wad  Medani,  Sudan. 

Prospects  There  seems  to  be  a  resurgence  of 
int«%8t  in  uaing  Cemtotheea  aeaamoidea, 
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which  is  reflected  in  its  domestication  in  parts 
of  Africa. 

Bfajor  references  Abels,  J.,  1975;  B<Mli^'ian, 
D.,  in  press:  Prucc  K  A.  19."^!:  Rurkill  II.M., 
1997;  Busson,  F.,  1905;  Leung,  VV.-T.VV.,  Bus- 
son,  F.  &  Jardin,  C,  1968;  Neuwinger,  H.D., 
2000;  Seignobos.  C.  1982;  Smith,  G.C.  et  aL, 
1996;  Stevels,  J.M.C.,  1990. 

Other  references  Adjanohoun,  E.J.A., 
1!)8(;;  B<'di}ri;m,  D..  2()mh:  Bedigian,  D.,  Soi- 
Rlor,  D.S.,  &  Harlan,  J  R.,  198.5;  BoHigian,  D.  & 
van  der  Maesen,  J.,  2003;  Delisle,  H.  et  al., 
1997;  Dokosi,  O.B.,  1998;  Glegg,  C.G.,  1945; 
Hakki,  M  l,.  1984;  Ihlenfeldt.  H.-D  .  1988:  Ir- 
vine, F.R.,  1969;  Katende,  A.B.,  Ssegawa,  P.  & 
Bimie,  A.,  1999:  Manning,  S.D.,  1991;  Mertz. 
O.,  Lykke.  A.M,  &  Keenberg.  A„  2001;  Ogle, 
B.A.  et  al.,  1990;  TmdalL  II.D..  1965;  Verboom, 
W.C.,  1973;  Williamson,  J.,  1956. 

Sources  of  fllnstration  Stevels,  J.M.C., 
1990 

Authors  D.  Bedigian  &  O.A.  Adetula 


CERCESTIS  MIRABUJS  (N.E.Br.)  Bogner 

Protologne  Aroideana  8(3):  73  (1986). 
Family  Arju-rae 

Synonyms  RhehtophylLum  inirabile  X.E.Br. 
(1882),  Nephtytis  picturata  N.E.Br.  (1887), 
WiehlophyUum  congeiw  De  Wild.  &  T>Dur. 

(1901). 

Origin  and  geographic  distribution  Cerces- 
tis  mirabUia  occurs  firom  Benin  to  Uganda  and 

Uses  In  Gabon  the  young  leaves  and  mllu- 
resceuoes  are  eaten  as  a  vegetable.  The  leaves 
are  cooked  in  butter  from  moabi  {BaiUoneUa 

fnxisporina  I'u  rro)  nuts  tngothor  with  an  un- 
specified lungus,  and  eaten  to  treat  liver  com- 
plaints and  stitdi.  "Hie  teaves  rntny  also  be  com- 
binod  with  the  bark  of  various  frros  the  rhi- 
zome of  Saivophrynitim  species  and  seeds  of 
chilli  for  the  same  ailments.  In  Congo  leaf-sap 
is  taken  in  draught  with  kaolin,  melegueta 
pepper  (Afrniiiomuiu  iuclci{iii't(i  1\  Si  hum.)  and 
rode  salt  lu  treat  heart  truublet<  and  to  stop 
vomiting. 

Tbr  long  pendulous  roots  of  Ct^rn^sh's  mirahitis 
are  used  in  southern  Nigeria  as  ties  for  yams, 
and  in  Gabon  the  central  fibrous  core  of  these 
roots  is  used  as  fishing  line. 

Botany  Large  horbnceous  rlimbrr  stem 
climbing  by  claspmg  roots,  up  to  5  cm  in  di- 
ameter, also  with  flagelliform  shoots  having 
kmg  sloider  intemodes  and  reduced  leaves. 


Leaves  altcmotc,  simple;  petiole  up  to  1  m 
long;  blade  hastate-sagittate  in  outline,  up  to 
100  cm  X  60  cm,  deeply  and  irregularly  ])in- 
natifid  with  truncate  trapezoid  lobes.  Inflores- 
cence a  spadix  7-17  cm  x  1-2  cm,  enclosed  by  a 
spathe  6-15  cm  x  2-3  cm  m  diameter,  dull 
green  outside  with  reddish  tinge  at  base,  whit- 
ish green  inside,  2-8  together  in  leaf  axils;  pe- 
duncle 2—4.6  cm  long.  Flowers  unisexual,  ses- 
sile; male  ones  in  upper  part  of  sp.idix,  with  2— 
4  free  creamy  white  stamens:  I'cmnle  ones  in 
basal  part  of  spadix,  with  obovoid,  1 -celled 
ovaiy,  stigma  discoid.  Fruit  a  p3rramid-shaped 
berry,  c.  1  cm  x  2  cm.  red  when  ripe, 
Cerceatia  comprises  13  species  and  is  restricted 
to  tropical  AMca,  from  Gambia  and  Senegal  to 
L'ganda  and  Angola.  Cerceslis  cainemnenaia 
(Ntepe)  Bogner.  occurring  from  Xitjena  tfi  Ha- 
bon,  can  easily  be  confused  with  Cerceuli^  mil- 
ahilis.  The  uses  described  above  may  therefore 
be  equally  appUcable  to  Cere&tU  camerunmi' 

Ecology  Cerceatis  tnirabUia  occurs  in  low- 
land humid  forest .  up  to  400  m  altitude. 

Management  The  young  leaves  are  taken 
from  the  extremities  of  side  branches,  leaving 
the  main  stem  intact.  Mature  leaves  and  stems 
an>  harvested  for  medicinal  ])iiri)oses,  but  usu- 
ally part  of  the  main  stem  will  remain,  which 
then  easily  recovers  with  new  shoots. 

Qenetic  resources  and  breeding  No  germ- 
plasm  rollertions  are  known  to  exist.  Crrrrsfis 
inimbilis  is  harvested  from  the  wild,  but  it  is 
not  used  on  a  commercial  scale.  It  is  quite 
enmmon  in  its  range  <if  distribution,  and  be- 
cause the  plant  can  recoup  irom  partial  har- 
vesting, no  special  precautions  for  its  protee- 
I  ion  need  to  be  taken. 

Prospects  Cprrrsti's  niirnbilis  is  of  limited 
importance  as  a  vegetable  and  medicinal  plant. 
R^arch  on  nutritive  composition  and  active 

ronstituenfs  is  m'rded  In  i  vnlunte  its  uses. 

M<gor  references  Bouquet,  A.,  1969; 
BuridU,  H.M..  1985;  Ntepe-Nyame.  C.  1988; 
Raponda-Walker.  A.  &,  Sillans,  R.,  1961; 
Raponda-Walker,  A  .  19.j2 

Other  references  Bogner,  J.,  198G;  Bogner, 
J.  &  Nicolson,  D.H.,  1991;  Mayo,  S.J.,  Bogner, 

J.  &  Boyre  P  P.,  1997. 
Authors  W.J.  van  der  Burg 
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CEROPEGIA  PAPILLATA  iN.E.Br. 

Protologue  BuU.  Misa  Iii£Drm.  Kew  1898: 

308  (1898). 

Family  Asclepiadaceae  (Al^i:  Apocjuaceae) 
Synonyms  Ceropegia  cordiloba  Werderm. 

(1939), 

Origin  and  geographic  distribution  Cer- 
opegia papillata  occurs  in  eastern  Africa  south 

of  Jhc  (Hjunlor  e.g.  in  Tanzania  and  Malawi. 

Uses  Tho  luhoroiis  roots  and  tho  rnw  loavrs 
are  eaten  by  boys  in  the  Ivota  I\ota  Hills  of 
Malawi.  The  tubers  oontain  mudi  water  and 
iw  v  eaten  against  thirst  in  dry  regions  Pot«i- 
tiaily,  Ceropegia  papillata  is  an  ornamental 
dimber. 

Properties  Numerous  Ceropegia  spvru-^ 
have  edible  tubers.  Ceropegia  muUifluva  Bak., 
for  example,  has  tubers  containing  per  100  g: 
water  96  g,  energy  66  kJ  (15  kcal),  protein  0.8 
g,  fat  0  (1.1  c  c  nrbohydratc  3  g.  fibre  0.3  g  (.Ar- 
nold, T.H.,  VVeUs.  M.J.  &  Wehm^er,  A.S.. 
1985). 

Botany  Twining,  ])ul><  scent  herb  about  1  m 
long,  arising  from  a  uloliose  tuber,  stem  1-2 
mm  in  diameter.  Leaves  opposite,  simple,  her- 
baceous; petiole  up  to  2.6  cm  long;  blade  ob- 
long-ovatc.  '.\-(\  cm  1— L'.o  cm,  h.isc  cordate, 
apex  long-acummate,  margm  entire,  hairy  on 
both  sides.  Inflorescence  a  subsessile  umbel- 
likr  (yme,  10— 20-flowered.  Flowers  bisexual, 
regular  r»-merous  white;  pedirel  8-10  mm 
long,  pubescent;  sepals  linear-lanceolate,  6  mm 
X  1-2  mm;  corolla  tubular,  2.5  cm  long, 
straight,  tube  witli  basnl  p,ir(  n\ uid-inflated, 
dull  green,  strongh  papillate  along  the  veins 
inside,  upper  part  cylmdrical,  1.5  mm  in  di- 
ameter, whitish  green,  glabrous,  lobes  linear, 
4-8  mm  x  15  mm.  ronnnte  at  the  tips,  repli- 
cate, villous  with  rather  long  white  hairs 
withm,  the  margins  and  the  apical  half  black- 

ish-green;  outer  cm-nna  rup-shnped  at  base 
with  lobes  c.  1.5  mm  long,  or  entirely  cup- 
shaped,  white;  inner  coronal  lobes  linear,  1-1.5 
mm  long  white;  stamens  united  into  a  stami- 
na! column  c.  1.5  mm  long,  anthers  oblong, 
leaning  on  the  truncate  apex  of  the  style. 
Two  varieties  have  been  distinguished  based 
on  fhe  frn  m  of  the  outer  corona:  in  var  papil- 
lata the  lobes  of  the  outer  corona  are  onl>'  con- 
nate at  the  base;  in  var.  cordiloba  (Werderm.) 
KLHuber  they  are  completely  connate  forming 
a  rup  which  is  rrenate-dentirulate  at  apex. 

Ecology  Ceropegia  papiliala  grows  in  moun- 
tainous areas  at  1350-2000(-3000)  m  altitude. 
It  often  climbs  in  shrubs,  in  rocky  or  grassy 


locations.  In  Malawi  and  Tanzania  it  flowers  in 
February-May. 

Qenetic  resources  and  breeding  Cerope- 
gia papilhtht  is  a  rare  species  in  mountainous 
areas  in  need  of  protection. 

Prospects  Because  Cempepa  papiUata  is  a 
rare  species  collecting  this  vegetable  from  the 
wild  cannot  be  recommended.  More  research  is 
necessary  to  determine  the  nutritive  value  of 
the  leaves  and  tubers  and  possibilities  for  its 
cultivation  as  n  veeetable  and  oiTiamental. 

Major  references  Arnold,  T.H.,  Wells,  M.J. 
&  Wehmeyer.  A.S.,  1985;  Bally,  P.R.O.,  1976; 
Huber,  H.,  1957;  Werdorniann  K.  1939, 

Oflker  references  Brown,  N.E.,  1902-1904; 
Williamson,  J.,  1966. 

Auiliom  P.C.M.  Jsna&a. 


GHENOPODIUM  ALBUM  L. 

Protologue  Sp.  pi.  1:  219  (1753). 

Family  Chen<^>odiaoeae  (APG:  Amaranths- 

cetie) 

Chromosome  niunber  2/i  =  36.  54 
Vernacular  names  White  goosefool,  pig- 
weed, lamb's  quarters,  lambsquarters  (En). 
rhen(qx)de  blanc,  anserine  blanche  (Ft).  Catas- 
sol  (Po). 

Origin  and  geographic  dMadUnrtkm  Cheno- 

podiiim  album  is  mamly  known  as  a  noxious 
weed  with  gloluil  liist ribution,  occurring  from 
70°>J  to  5Q°S,  mcluding  all  African  countries;  m 
the  tropics  mostly  at  higher  altitudes.  Already 
in  prehistoric  times  seed  was  harveslnl  fnr 
human  consumption  m  both  the  Old  and  the 
New  World.  Ckeuopodium  album  has  been 
domesticated  in  the  Himalayan  region  where 
it  is  grown  as  a  grain  crop  in  Ncfia]  nnd  north- 
em  India.  In  India  it  is  also  cultivated  as  a 
traditional  leaf^  vegetable. 

Uses  Young  .shoots  and  leaves  of  Cheiin- 
podium  album  are  occasional!}'  used  as  a  vege- 
table, sometimes  as  a  famine  food.  In  southern 
Africa  it  is  considered  a  ])opular  wild  ve^.-table. 
The  young  shoots  are  budt'd  and  ealen  alone  or 
mixed  with  other  vegetables.  They  may  also  be 
dried  and  stored  for  later  use. 
In  isolated  hill  communities  inhabiting  the 
montane  zone  of  the  middle  Himalayan  range 
Chenopodium  album  is  a  subsistence  food  crop. 
The  seed  is  jirocessed  into  flour  for  pancakes 
and  bread.  It  is  boiled  nnd  mixed  with  other 
ingredients  to  make  a  kind  of  gruel,  or  is 
roasted  and  ground  for  porridge,  and  is  also 
used  for  preparing  fermented  and  akoholic 
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beverages.  The  seed  is  also  used  as  poultrj'  and 
livestodc  feed.  Medicinally,  the  seed  of  Cheno- 
podium  edbum  has  been  used  tradionally  to 
improve  tht-  oppetite  and  ns  an  nntlu'lminl le 
laxative,  aphrodisiac  and  tonic;  they  are  also 
thought  to  be  usefiil  in  biHousness,  abdominal 
pains,  eye  dis<';isi's.  Ihroiil  troubles,  piles  and 
diseases  of  blood,  heart  and  spleen. 

Properties  The  nutritional  composition  of 
Cheiiopodmm  album  leaves  per  100  g  edible 
pnrtinn  is:  wntrr  84  p.  onrrpy  184  1\J  (44  krnl), 
protein  1.3  g,  fat  0.8  g,  carbohydrate  7.3  g,  fibre 
2.1  g,  Ca  280  mg.  P  81  mg,  vitamin  A  11,300 
lU.  thiamin  0  1.5  mt;.  riliofl.n  in  n.4  mg,  niacin 
1.3  mg,  ascorbic  acid  90  mg  (Rubatzky,  V.E.  & 
Tamagudii,  M.,  1997). 

The  nutritional  composition  of  seed  of  I  limala- 
yan  cultivars  per  100  g  is:  eneriy^j'  1054  kJ  (395 
kcal),  protein  16  g,  fat  7  g,  carbohydrate  66  g 
(Partap,  T.,  Joshi,  B.D.  &  Galwey,  N..  1998). 

Sood  of  the  vvooHy  typos  of  Chrnnpnchii ni  al- 
bum (in  Africa  and  elsewhere),  however,  is 
probably  of  inferior  quality  and  less  nutritious. 
An  ethanolic  extract  of  the  firuits  has  shown 
antipruritic  and  antinodoeptive  adivities  in 
tests  with  mice. 
Botany  Erect  annual  herb  up  to  1.6(-4)  m 


Chenopodi'tim  album     /,  Inivpr  part  of  plant;  2, 
upper  part  of  plant;  3,  flower;  I,  flower  with  2 
iepaU  removed;  5,  frnit;  6,  aeed. 
Source:  PROSEA 


tall;  joung  vegetative  parts  densely  clothed 
with  mealy-white  or  red-purple  vesicles;  stem 
anguhir  nbiied,  with  longitudal  dark  green  or 
red  strejiks.  Leaves  altertiMfe  simple:  stipules 
absent,  lower  leaves  with  long  petioles,  ovate- 
rhomboid,  irregularly  and  coarsely  toothed  or 
incised,  higher  ones  gradually  with  shorter 
petioles,  elliptical-oblong-lanceolate,  less 
deeply  incised  or  entire;  blade  1.6—18  em  x  0.5— 
18  cm.  Inflorescence  a  lai^e,  axillary  and  ter- 
minal, lenfy  panicle,  consisting  of  clusters  of 
flowers.  Flowers  bisexual,  regular,  5-merous; 
tepals  connate  at  base;  stamens  opposite  te- 
pals:  ovan,'  superior,  depressed  glohosi  1- 
oelled,  style  short,  stigmas  2.  Fruit  a  nut,  en- 
tirely enclosed  by  the  incurved  tepals,  thin- 
walled,  indehiscent.  1-seeded.  Seed  nearly 
smooth.  Ienticui;ti-  1—2  mm  in  diameter,  testa 
thinly  leathery,  blackish-brown;  embryo  annu- 
lar, surrounding  the  endosperm.  Seedling  with 
epieeal  perminnfion-  hyporotyl  2-7  rm  long; 
( iit\  l.  dons  leafy,  stalked;  first  pair  of  leaves 
'I  piiMte,  subsequent  leaves  alternate. 
Cheuopodium  is  a  large  genus  (100-150  spe- 
cies), mainly  found  in  temperate  zones 
throughout  the  world.  Some  species  have  natu- 
ralized in  the  mountainous  regions  of  the  trop- 
ics. Chenapodin III  album  consists  nf  ,i  very 
variable  polyploid  weed  complex.  In  the  mon- 
tane zone  of  the  central  Himalayan  region 
types  selected  fit)m  this  complex  are  now  culti- 
vated for  their  seeds  and  for  their  leaves.  The 
cultivars  grown  for  the  seeds  can  be  distm- 
guished  from  wild  plants  by  their  usually  taller 

haliit  (up  to   1  m)    a  lartje   leafless.  e.\s("rti><! 
compact  and  drooping  mflorescence  with  bi- 
sexual and  female  flowers,  and  n<m-shattering, 
larger  seed. 

In  .Africa  some  other  wild  CheiiopoHiiim  speries 
are  used  as  vegetables  in  a  similar  way  as 
Chau^todium  tUbum.  In  Madagascar  and 

Zambia  Chriinpnrliiim  ftifiauteitm  D.Don  (sjTio- 
nym;  Cheuopodium  amarcuUicolor  (('oste  & 
Reyn.)  Coste)  (purple  goosefoot,  tree  spinach)  is 
( iiii^nl,  ]  (  .[  an  excellent  cooked  vegetable,  It  is 
closeh  related  to  Chruopodiu in  nlhinn  but  idso 
to  Chenupudiuiii  quuioa  WiUd.  (quinoa),  culti- 
vated as  a  grain  crop  in  South  America,  and  its 
taxonomy  is  still  unclear. 

In  southern  Africa  young  parts  of  Cheuo- 
podium murale  L.  (nettle-leaved  goosefoot)  are 
used  as  a  oodfisd  vi^etable,  and  in  \\  <  st  Africa 
they  are  sometimes  used  in  sauces.  The  plant 
IS  said  to  be  a  good  forage  although  in  Austra- 
lia poisoning  of  Uvestodc  has  been  reported.  In 
Morocco  the  aeeds  are  eaten  as  a  famine  food 
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Chenopodium  murale  much  rescmblos  Cheno- 
podium  album,  but  differs  in  its  rhombic-ovate 
leaves  with  nunn  ious  teeth,  clearly  cymose 
itifloK'so  nres  and  sharply  keeled,  closely  pit- 

ted  seeds. 

The    leaves    of   Ckau^odmm  opulifbUum 

Schrad.  ex  Koch  &  Ziz  (grey  goosefoot)  are 
eaten  as  a  cooked  vegetable  in  Tanzania.  The 
plant  is  also  considered  a  good  forage  and 
scHmetimes  it  is  cultivated  as  an  ornamental.  It 
is  very  similar  tn  Chenopodium  alhiini  but 
differs  ui  its  broader  leaves  and  usually  more 
glaucous  mealy  inflorescence. 

Ecology  The  wide  distribution  of  Cheno- 
podium album  as  a  weed  points  to  a  broad  tol- 
erance of  climates  with  average  temperatures 
ninging  from  5-30°C.  It  tolerates  night  frost. 
In  Africa  ami  elsewhere  it  is  a  weed  of  ciilti- 
valed  and  disturbed  localities,  usually  occur- 
ring above  1000  m  altitude.  In  the  long  days  of 
tbo  toniporaie  and  siibtmpicnl  /ones  it  grows  to 
a  large  size  and  it  is  there  that  it  offers  the 
most  serious  competition  to  crops. 

Management  In  Africa  young  shoots  and 
leaves  of  Ch<'iiu/)o<liiun  albtiiii  are  collected 
from  the  wild.  Cullivation  and  use  as  a  subsis- 
tence seed  crop  is  limited  to  an  estimated  1600 
ha  in  the  Himalayas.  Grain  rhtnojiods  arc 
commonly  sown  1—2  cm  de^  in  rows  25— uU  cm 
apart  depending  on  soil  moisture  content  and 
expected  rainfall.  The  lOOO-seed  weight  is 
about  1.4  g.  Seed  rntr  is  (j-lO  kg/ha,  residfing 
in  100-150  plants  per  m-.  The  seedbed  should 
be  well  prepared.  The  seed  may  also  be  broad- 
cast, but  it  is  easier  to  weed  when  sown  in 
rows.  Broadcasting  requires  about  20  kg  of 
seed  per  ha.  Seedlings  will  emerge  in  approxi- 
mately one  week  in  a  sufficiently  moist  soil 
with  an  avorajTo  tomporatiiro  above  10°(  '.  Tbo 
period  between  sowmg  and  llowermg  and  from 
flowering  until  maturity  ot  the  seed  is  vety 

variable.  Early  and  daylength-noutral  rulttvars 
may  talie  50-60  days  to  flowering  and  90-110 
days  to  seed  maturity,  whereas  late  and  short- 
day  cultivars  need  4-5  weeks  longer.  Grain 
chenopods  are  predominantly  self-[)()llinatint,': 
cross  pollmation  is  less  than  10%.  In  Himachal 
Pradesh  (India),  Chenopodium  album  is  often 
intercropped  e.sj.  with  fintjer  millet,  potato, 
maize,  rice,  amaranth,  foxtail  millet,  sesame, 
soya  bean,  taro,  oowpea  or  common  bean.  The 
most  important  disease  is  downy  mildew  (FW- 
oiinsporn  farinosa  f.sp.  chpnopodii),  which 
causes  much  damage  in  chenopod  growmg  ar- 
eas all  over  the  world.  The  disease  is  favoured 
by  warm  and  humid  weather.  Some  cultivars 


are  partially  resistant.  Other  fungal  diseases 
may  also  cause  serious  damage,  as  well  as  in- 
sect pests  of  which  the  leaf  miner  or  leaf 
sticker  Etiiisdcd  iinlanocompta  is  the  most 
serious.  Birds  attacking  the  crop  before  harvest- 
ing or  during  field  drying  probably  cause  the 
greatest  crop  losses  Bitter  cultivars  are  less 
prone  to  such  attacks  than  sweet  ones.  Harvest- 
ing methods  used  for  cereals  can  also  be  used  for 
grain  cheno})()ds.  Plants  are  cut,  bundled  and 
dried  threshed,  and  the  seed  is  winnowed. 
Yields  of  0.2-0.6  t/ha  are  reported  from  farmers' 
fields  in  India.  One  reason  for  low  srields  may  be 
tliat  tiraiii  chfno]n>ds  are  not  often  grown  alone 
but  are  usually  mtercropped.  Iniloresoences  do 
net  dry  easity.  At  harvest,  seed  moisture  content 
may  be  around  20%,  and  artificial  drying  to  14% 
moisture  may  be  necessary 

Genetic  resources  and  breeding  Wild 
Chenopodium  aUtum  is  widespread  and  not  in 
danger  of  stenotic  erosion.  Oermplasm  collec- 
tion of  cultivars  is  urgentl)'  needed,  since  their 
cultivation  in  the  Himalayas  is  definitely  de- 
clining as  a  result  of  lack  of  crop  improvemoit, 
and  farmers  are  turning  to  other,  more  profit- 
able crops. 

Prospects  In  Africa  Chenopodium  album 

will  remain  a  minor  leaf  \-e<iet able  an<]  in  many 
regions  it  is  considered  a  weed  rather  than  a 
useful  plant.  The  possibilities  for  cultivation  of 
seed  cultivars  at  higher  altitudes  are  worth- 
while mvi  -tijinling. 

Major  references  Brenan,  J. P.M.,  1988; 
Decary,  R.,  1946;  Mastebroek,  H.D.,  van  Soest, 
L.J.M.  &  Siemonsma  J  S  .  199G;  RufTo.  C.K., 
Birnie,  A.  &  Tengnas,  B.,  2002;  van  Wyk,  B.E. 
&  Gericke,  N.,  2000. 

Other  references  .\ellen,  P.,  1959-1979; 
Bn  nan.  J  P.M.  1951;  Brenan  J.P.M.,  I9G4; 
Burkill,  H.M.,  1985;  Jansen,  P.C.M.,  1981;  Par- 
tap,  T.,  Joshf,  B.D.  &  Galwey,  N.,  1998; 
Riihaf7ky  X  F.  &  Yamaguchi,  M  1997. 

Sources  of  illustration  Mastebroek,  H.D., 
van  Soest,  L.  J.M.  &  Siemonsma,  J.S.,  1996. 

Aufliora  P.C.M.  Jansen 


CiCHORIUM  ENDIVIA  L. 

Frotoiogue  Sp.  pi.  2:  813  (1753). 
Family  Asteraceae  (Compositae) 
Chromosoma  number  2n  =  18 

Vernacular  names 
-  Broad-leaved  types:  Escarole,  broad-leaved 
endive  (En).  Scarole,  chicor^e  scarole  (Fr). 
Chio6ria  eacarola  (Po). 
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-  Narrow-leaved  types;  Elndivc,  curlj'^  endive 
(En).  Frisee,  chicoree  frisee  (Fr).  Chicoria  fri- 
sada  (Po). 

Origin  and  geographic  distribution  d'elio- 
riuiii  eiidivia  is  only  known  Irom  cultivation.  It 
was  probably  first  brought  into  cultivatioii  in 
the  Mediten  ntuMn  rctrion.  where  its  wild  rela- 
tives Ciehorium  puinilum  Jacq.  and  Cickoriuin 
ealvum  Sdi.Bip.  ex  Ascfa.  occur.  Both  species 
can  be  considered  as  the  progenitor  of  esenrole 
nnd  imdiN'o  Cidinn'uin  enr/irin  was  jji-ohnldy 
known  to  the  old  Egyptians,  but  no  archaeo- 
logical evidence  has  been  found.  It  spread  to 
central  Europe  in  the  16"'  century  and  is  now 
grown  throughout  Europe  and  North  America. 
It  is  grown  throughout  the  tropica  including 
tropical  Afirica,  but  is  mostly  of  minor  impor- 
tance there. 

Uses  Endive  is  most  commonly  eaten  as  a 
fresh  green  in  salads,  for  which  curly-leaved 

types  are  often  preferiT'd.  Planis  for  salads  are 
sometimes  blanched  to  reduce  bitterness.  En- 
dive is  used  as  a  substitute  for  lettuce  in  the 
tropics  as  it  is  more  resistant  to  <hs(  !isfs. 
Broad-leaved  types  (escarole)  are  alsd  used  as  a 
(XKiked  vegetable.  Ciehorium  eiidivia  is  some- 
times used  in  making  pickles,  but  is  otherwise 

not  us('(]  in  a  prori-ssril  fr.i  m 

Production  and  international  trade  The 
main  area  of  production  is  the  European  Union 

where  530,000  t  wa.s  produced  from  20,000  ha 
in  1985,  followed  hy  North  America  with  about 
50,000  t.  No  statistics  are  available  for  other 
areas. 

Properties  The  nutritiniial  conipdsition  of 
escarole  per  100  g  edible  portion  is:  water  94  g, 
energy  71  kJ  (17  kcal),  protein  1.3  g,  £at  0.2  g, 
carbohydrate  :\.A  g,  fibre  3.1  g,  Ca  62  mg,  Mg 
15  mg.  P  28  mg,  Fe  0.8  mg  Zn  0  8  mg.  vitamin 
A  2167  1L:,  thiamin  0.08  mg,  riboflavin  0.08 
mg,  niadn  0.4  mg,  folate  142  |ig,  ascoibic  acid 
G.5  mg  (T'SDA.  2002).  The  nulritinnal  composi- 
tion of  endive  is  about  the  same,  except  for  the 
ascoibic  acid  ocmtent,  which  is  13  mg  per  100  g. 
CicliDiium  endii  ia  contains  inulin  and  mtybm. 
which  cause  the  typually  lutter  taste  and 
which  are  said  to  stimulate  appetite.  More 
than  100  volatile  compounds  have  been  identi- 
fied- among  them  hexenal.  (F)-2-hexenaI  and  P* 
ionone,  contributmg  intense  odour  notes. 

Description  Annual  or  biennial,  erect  heib 
up  to  170  cm  tall,  widi  taproot  containing  bit- 
ter milky  juice,  producing  a  rosette  of  large 
leaves  when  young,  these  forming  a  loose  head. 
Leaves  alternate,  simple  or  pinnatifid,  sessile, 
broad,  up  to  45  cm  x  18  cm,  slightly  crumpled. 


Cicliuiium  endii  ia  -  1,  pUiiU  habil;  2,  leaf  of 
endive;  3,  Uaf  of  escarole. 
Source:  PROSEA 

margin  entire  or  dentate  (escarole  type)  or  very 
narrow,  deeply  pinnatifid  and  strongly  curled 
fc  ui  l\ -h'.aved  type)  progressively  smaller  up- 
wards on  stem,  slightly  pubescent  or  glabrous, 
pale  to  dark  green  or  yellowish,  sometimes 
reddish  along  midrib  Inflorescence  a  head  1-G 
together,  sessile  or  on  up  to  20  cm  long,  api- 
cally  thickened  peduncle;  involucre  with  outer 
row  of bracts  7-10  mm  x  2—6  mm,  and  inner 
row  of  8  bracts  8-12  mm  x  1-.3  mm.  Flowers 
15-20  per  head,  all  ligulate;  corolla  up  to  2  cm 
long,  bhie,  sometimes  white,  6-lobed  at  apex; 
.stamens  r>  with  anthers  fused  into  ,i  tube; 
ovary  inferior,  1 -celled,  style  slender,  hairy, 
with  2  slender  stigmatic  lobes.  Fruit  an  obovoid 
to  cylindrical  achene  2-3  mm  x  1-1.5  mm, 
brown  with  p;ippus  of  1-3  rows  of  small,  per- 
sistent membranous  scales. 

Other  botanical  information  Ciehorium 
(•f)m])riscs  <>  species  and  occurs  naturally  in 
Europe,  northern  Africa,  and  western  and  cen- 
tral Asia.  Two  species  are  commonly  cultivated 
(also  in  tropical  Africa):  Ciehorium  endivia, 
which  is  not  known  from  the  wild  and 
Ciehorium  intybua  L.  (chicoiy),  which  is  grown 
for  its  roots  used  as  a  coffee  surrogate,  forage 
and  as  a  source  of  inulin  (fiat  replaoer),  and  as  a 
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leafy  vogctablo  (witloof  and  radicchio)  popular  in 
Europe,  These  two  species  aire  often  confused  as 
they  ai-e  morphologically  veiy  similar,  but  they 
differ  in  life  span  and  reproductive  system 
(Cichoriuin  iiiiybus  is  a  self-incompatible  peren- 
nial), whereas  DNA-based  analytical  methods 
did  not  support  a  close  relation. 
Three  cultivar-groups  are  distinguished  within 
Ciehorium  endivia: 

-  Batavian  Croup  (has  also  been  called  Esca- 
rolo  (Iroup  Scarolr  'Iroup  or  vnr.  Inlifnlium 
Lam.):  with  bi-oad,  almost  entire,  rather  flat 
leaves,  forming  a  loose  head;  some  well- 
known  cultivars  are  Batavian  Broad- 
Leaved',  Escarole',  'Deep  iieart  Fringed', 
'Growers  Giant'  and'G^ante  marabii^'. 

-  I  'ui  li-(l-leaved  Group  (has  also  beoti  called 
Curled  Endive  Croup.  Frisee  Croup  or  var. 
criapuiit  LamJ;  with  narrow,  deeply  pinnati- 
fid,  strongly  curled  leaves,  forming  a  loose 
head:  some  well-known  rullivnrs  are  Salad 
King',  'Green  Curled',  Frisee  de  Ruffec'  and 
'Grosse  Pancaliere*. 

-  Cutting  Group  (has  also  been  called  Small 
Endive  Croup.  Endivia  Croup  or  var.  eii- 
divUi):  with  very  small  leaves  that  do  nut 
form  a  head:  eultivars  belonging  to  this 

f^roiij)  !\yt-  h.irilly  prnw-n  nnymin'f-. 

Growth  and  development  CichoiUiin  en- 
divia forms  a  dense  rosette  of  leaves  in  the  first 
year.  I'pon  bolting;  the  stem  elongates  and 
branches.  The  inflorescrnro  bears  many  head.';. 
Flowers  are  usually  open  in  the  morning  only 
and  wither  after  about  6  hours.  Most  eultivars 
are  self-pollinating  but  some  cross^ollination 
by  insects  may  occur. 

Ecology  Escarole  and  endive  are  easy  to 
cultivate.  They  are  more  tolerant  of  high  tem- 
peratiM-es  lh;in  lettuce  and  can  he  prown  from 
cool  temperate  areas  to  tropical  lowlands, 
thou^  in  the  tropics  better  results  are  ob- 
tained above  500  m  altitude.  The  mean  daily 
optimum  temperature  for  growth  is  I5-18°C. 
Mild  frost  is  tolerated.  At  high  temperatures 
leaves  may  become  filu  ous  Cichorutin  endivia 
requires  long  days  for  flowering  and  rarely 
iluwers  in  the  tropics.  \'ernalization  (in  some 
eultivars  at  temperatures  below  15^  gives  an 

.idditional  stimulu.s  to  flowerinp  and  ran  nrrvir 
already  during  ripenmg  of  the  seed,  but  also 
during  storage  of  seed  and  from  sowing  on- 
wards. 

Escarole  and  endive  prefer  a  loose  pervious 
soil,  sufficiently  fertile,  especially  in  the  top  20 
cm.  with  a  pH  of  6.6-7.8. 
Prc^agatloii  and  planting  Cultivation  of 


escarole  and  endive  is  similar  to  that  of  lettuce, 
but  generally  less  demanding.  They  require  a 
deeply  tilled  soil  and  a  friable  seed-bed.  They 
are  propagated  by  seed.  If  sown  in  a  nursery, 
seedlings  are  transplanted  about  1  month  after 
sowing,  when  they  have  4-6  leaves.  Direct  sow- 
ing is  practised  as  well.  The  lOOO-seed  weight 
is  L3-1.6  g;  about  0.5  kg/ha  of  seed  is  required. 
The  planting  distance  is  26—40  cm  x  26—40  cm, 
with  th<*  widest  spacings  for  broad-leaved  eul- 
tivars. Dense  planting  favours  self-blanching, 
but  increases  the  risk  of  rot. 

Management  Nitrogen  requirements  are 
moderate,  heavy  applications  leading  te 
strongly  increased  nitrate  contents  in  the 
leaves  and  increased  suaceptibility  to  rotting. 
Phosphate  requirements  are  high,  those  of  po- 
tassium moderate,  a  crop  of  12  t  removing 
about  8  kg  of  P  and  40  kg  K.  Mg  deficiencj  may 
occur  on  acidic  soils  or  where  ample  potassium 

is  available  but  ran  be  rorrerted  by  sprajring  a 
2%  solution  of  magnesium  sulphate. 
An  irregular  supply  of  moisture  may  cause 
disroloiation  of  the  edges  of  younger  leaves. 
The  plants  do  not  tolerate  waterlogging. 

Diseases  and  pesta  Diseases  and  pests  are 
rarely  serious.  Botrytia  einerea,  SeleroUnia  spp. 

and  \arioiis  bacteria  may  cause  bottom  rot' 
(rot  of  the  base  of  the  plant),  Maraaonina 
panattoniana  and  AUemaria  eiekorii  can  cause 
leaf-spot.  Brcmia  lactucae  downy  mildew.  Es- 
carole and  endive  are  resistant  to  Cprrnspnra 
longi^sinia,  which  affects  lettuce.  Turnip  mo- 
saic virus  (TuMV)  and  Endive  necrotic  mosaic 
virus  (E;NM\0  may  rau^f  musaie  yellf)wing 
and  necrosis.  Aphids  and  various  caterpillars 
may  also  cause  damage.  Escarole  and  endive 
should  not  b(>  planted  after  pulses,  cartots^ 
potatoes,  garden  beefs  and  other  composite 
crops,  because  of  possible  nematode  build-up. 
Harvesting  Escarole  and  endive  mature  in 

GO— 100  days  from  sowing.  ,\boiif  a  week  before 
har\'esting,  heads  may  be  tied  up  in  order  to 
blandi  them  and  to  moderate  their  bitterness. 
Blanching  can  also  be  achieved  by  covering 
each  i)lant  with  a  pot  or  container  to  exclude 
light  (for  about  lU  days).  There  are  self- 
blandung  eultivars  (especially  when  densely 

planted).  Harvesting  ran  start  when  heads 
have  reached  a  marketable  size  (250-400  g).  it 
is  done  by  cutting  the  heads  from  the  roots, 
removing  the  outer,  discoloured  or  damaged 
leaves  and  placing  the  heads  upside  down  in 
cont  amers. 

Yield  Yields  oi  20  t/ha  of  marketable  pro- 
duce per  crop  can  be  attained. 
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Handling  after  harvest  At  ambient  tem- 
peratures escarole  nnd  endive  eon  be  stored  for 
only  1  day.  When  cooled  to  0-1  i  '  iiid  at  a  hu- 
midity of  9 1  )-;»•"%  healthy  hend-^  fun  be  stored 
for  up  to  2  weeks.  When  gi-own  in  the  tropics, 
they  are  often  veiy  bitter;  this  bittemesa  can 
be  leduied  by  packing  individual  heads  fairly 
tightly  in  plastic  foil  and  storing  them  for  4-5 
days  in  a  refrigerator  at  7*0. 

QenetiO  resources  Small  celKciKms  of 
perniplnsm  are  kej>t  by  ronimereinl  bi-ecdcrs  at 
the  Institut  fur  Pflanzenbau  und  Pflanzen- 
zHditung,  Braunsdiweig,  Germany,  and  at  the 
Vegetable  Production  Researdi  Unit,  USDA, 
Salinas  CA,  United  Statea. 

Breeding  Little  breeding  work  haa  been 
done.  Commercial  seed  production  ia  conoen- 
trated  in  Metliterranean  countries. 

Prospects  Endive  and  less  commonly  esca- 
role  have  a  place  in  Western  cuisine  in  the 

tropics,  whert^  they  often  complement  or  re- 
place lettuce  in  salads.  Their  relative  ease  of 
cultivation,  resistance  to  bolting  and  the  avail- 
ability of  self-blandiing  cultivara  favour  their 
continued  cultivation. 

Major  referencea  Krug,  II.  el  al.,  1991; 
Martin,  F.W.  &  Rubert£,  R.M.,  1976;  Measiaen, 

r.-M.,  1!>8!);  \onnecke.  l.L  inSH;  Oyen, 
L.P.A.,  1993;  Rubatzky,  V.E.  &  Yamaguchl,  M., 
1997;  Ryder,  E.J.,  1999;  Tindall,  H.D.,  1983; 
rSDA.  2()()2a. 

Other  references  Kiers,  A,M.,  2000;  FCDB, 
2002;  Takeuka,  G.,  1999. 

Soiirees  of  illnstratioii  Oyen,  L.P.A.  1993. 

Authors  L  P  A.  Oyen 
Based  on  PRUSEA  8:  Vegetables. 

Cissus  DINKLAGEI  Gilg  &  Brandt 

Piotologne  Bot.  Jahrb.  Syst.  46: 476  (1912). 

Family  Vitncene 

Origin  and  geographic  distributioii  Ciasua 
dinkixigei  is  found  from  Cameroon  to  DR 

(^•nt,'o  <labon  and  Angola. 

Uses  The  leaves  of  Cissus  iliiihlagei  are 
eaten  in  Gabon  as  a  vegetable.  The  taste  is 
acid,  not  tmlike  that  of  sorrel  (Rumex)  and  Cm- 

siis  pr-ndtirta  \fzel.  The  cut  stems  exude  copi- 
ous, clear  wateiy  sap  that  is  drunk  in  Gabon 
and  in  DR  Congo.  In  Equatorial  Guinea  it  is 
given  to  babies  to  stimulate  their  growth. 

Properties  No  information  is  available  on 
the  chemical  composition  of  Cissus  dinldagei. 
Several  other  Cissus  species,  used  in  tradi- 
tional medicine  in  South  Africa,  South  America 


and  Asia,  have  been  the  subject  of  investiga- 
tion, and  a  wide  range  of  compounds  have  been 
identified;  several  of  theae  compounds  showed 
anti-intlammatory,  mitispaamodic  and  antitu- 
mour  activities. 

Botany  Liana  with  few,  leaf-opposed,  simple 
tendrils;  stem  cylindrical,  up  to  30  m  long. 
Leaves  alternate,  simple;  stipules  oblong- 
triangular,  early  caducous,  4  mm  x  2.5  mm; 
petiole  1-4  cm  long;  blade  ovate  to  deltoid  or 
elliptical  up  to  10  cm  x  0  cm,  bn.se  truncate  to 
subcordate,  apex  acuminate,  margin  entire. 
Infloreaoraice  a  cyme  with  umbel-like  clusters, 
4—10  cm  long.  Flowers  bisexual,  4-merous:  ca- 
^  cup-shaped,  1  mm  long,  toothed;  petals  c.  3 
mm  long,  green;  ovary  superior,  glabrous.  Fruit 
an  ovoid  beriy  c,  3  cm  X  2  cm.  red.  1 -seeded. 
Seed  ovoid-oblong,  compressed,  up  to  17  mm 
long. 

Hie  genus  Cissus  is  closely  related  to  Cy- 

phnsleniinn  mid  ccMnpriscs  about  200  species.  It 
is  found  all  over  the  tropics  and  subtropics. 
Many  Cissus  species  have  uses  in  traditional 
medicine  in  Asia.  South  America,  the  Carib- 
Itciiii  .•iinl  111  frnpic'il  AfVi<-a. 

Ecology  Cissus  dinldagei  is  a  species  of 
dense  evergreen  forest. 

Genetic  resources  and  breeding  Tn  view 
of  its  wide  distribution,  genetic  erosion  of  Cia- 
8US  dinklagei  is  not  likely. 

Prospect*  Several  pharmacological  effects 
of  Cissus  species  e.g.  antispasmodic  and  anti- 
uillammutory,  may  be  of  interest  for  future 
developments.  Research  will  be  needed  to  fuUy 
evolui*    ill    |Miriiti,M!  of  Cissus  diiil;hii;i'i 

Major  references  Descoings,  B.,  1972;  Oe- 
wit.  J.  &  Willems,  L..  1960;  Raponda-Walker, 

.\  &  Sillans  R.,  1961, 
Other  references  Aguilar,  N.O.,  2001b. 
Authors  C.H.  Bosch 


Cissus  PALIVLVTIFIDA  (Baker)  Planch. 

Protologue  DC.  Monogr.  phan.  6(2):  473 

( 1887), 

Family  Vilaceae 

Origin  and  geographic  distribution  Cissus 

pahtiafifidn  has  been  recorded  from  Senegal, 
Mali,  Burkina  Faso,  Benin,  Nigeria,  Cameroon, 
Central  African  Republic  and  Sudan. 

Uses  The  leaves  of  Cissus  paimatifida  are 
used  in  the  preparation  of  aauoes.  The  ripe 
fruit  has  edible  pulp. 

Propertiea  No  information  is  available  on 
the  chemical  composttion  of  Cissus  palmati- 
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fida.  Several  other  Ci^siis  species,  used  in  tra- 
ditional medicine  in  South  Africa,  South  Amer- 
ica and  Asia,  have  been  the  subject  of  investi- 
gation.  and  a  wide  range  of  compnun<l<  hnw 
been  identified;  several  of  these  compounds 
showed  anti-inflammatoiy,  antispasmodic  and 
antKuinoLu-  iiclivitios. 

Botany  Perennial  herb  trailing  or  chmbing 
with  few  leaf-opposed,  simple  t'endrils;  stem 
tihilirescent.  Leaves  allernaie,  digitately  3—5- 
lobed  petiole  'J  ."—;">  011  lon<x  Mnde  <■  11  rm 
long,  base  truncate  to  slightly  cordate,  lobes 
deeply  lobulate.  Inflorescence  a  cyme  with  um- 
bel-like, 6-12-nowered  clusters.  Flowers  bisex- 
ual, 4-merous,  yellow;  calyx  cup-shaped,  1  mm 
long,  entire;  petals  e.  1  mm  long;  ovarj'  supe- 
rior, Bubglohose,  style  subulate,  Fruit  a  sul><;l"- 
bose  berry  4-5  mm  in  diameter,  black,  1- 
seeded. 

The  genus  Cisaus  is  closely  related  to  Cy- 

phnslemwa  nnd  cimiprises  about  2f)f)  species.  Tt 
is  found  all  over  the  tropics  and  subtropics. 
Many  Cissus  q>ecie8  have  uses  in  traditional 
medicine  in  Asia,  South  America,  the  Carib- 
bean and  in  tropical  Africa 

Ecology  Ciaaita  paimati/ida  occurs  m  sa- 
vanna woodland. 

Genetic  resources  and  breeding  Cissii.s 
paiinatifida  is  fairly  widespread  and  is  not 
liable  to  genetic  erosion.  No  gei  mplasm  collec- 
tions are  maintained. 

Prospects  Cissiis  pnliiialifida  will  probably 
remain  a  food  plant  of  local  importance.  Sev- 
eral pharmacological  effects  of  CiaauB  species, 
e,g.  antispasmodic  and  anti-inflammatory,  are 
of  interest.  However,  as  no  medicinal  uses  are 
recorded  for  Cisma  palmatifida,  it  is  unlikely 
to  figure  as  a  priority  species  for  research. 

Major  references  Baker,  J.G..  1868;  Bur- 
kill,  H.M.,  2000;  Iveay,  R.VV.J.,  1958a. 

Othst  refereaoes  Aguilar,  N.O.,  2001b. 

AnthoraC.H.  Bosch 


CKISUS  PRODUCTA  Afzel. 

Protologue  Rem.  Guin.  9:  (1816). 
Family  Vitaceae 

VenMcvlax  names  Oseille  des  Pygmees 

(Fr). 

Origin  and  geographic  dutribntion  Ciamu 

producia  I M  curs  Iroin  Senegal  east  to  Uganda 
and  south  to  .Vngola.  Zambia  and  Zimbabwe. 

Uses  The  leaves  of  Cissus  producta  are  eaten 
in  Gab<Hi  as  a  vegetable.  The  taste  is  very  add, 
not  unlike  that  of  sorrel  (JStomex).  The  stems 


yield  potable  water  when  cut. 
In  Sierra  Leone  ripe  fruits  are  rubbed  on  the 
forehead  or  are  crushed  .iiid  tied  around  the 
forehead  to  treat  headache.  In  DK  Congo  Cis- 
sus producta  is  considered  a  cure  for  gonor- 
rhoea. In  Sudan  an  emulsion  of  the  roots  is 

Use<l  to  protect  cows  from  bites  of  tsetse  Hies 
The  emulsion  is  applied  by  rubbing  on  the  skin 
or  by  internal  dosing.  In  Tanzania  roots  are 
pounded  with  water  and  .sprinkled  on  tumours 

of  rows  to  cure  them.  Magical  powers  are  at- 
tributed to  Cisaus  producta  in  Senegal,  Nigeria 
and  Gabon. 

Properties  No  information  is  availalije  on 
the  diemical  composition  of  Ciaaus  producta. 
Several  other  CisaHS  species,  used  in  tradi- 
tional medicine  in  South  Africa,  South  America 
and  Asia,  have  been  the  subject  of  investiga- 
tion, and  a  wide  range  of  compounds  have  been 
idratified;  several  of  these  compounds  diowed 
anti-inn;iiiimnloiy,  antispasmodic  and  antitu- 
mour  activities. 

Botany  Perennial  climbing  heib  or  liana 
with  leaf-opposed,  simple  tendrils:  young  stem 
cylindrical,  fleshy,  older  stem  4-angled.  up  to 
15  m  long.  Leaves  alternate,  simple;  stipules 
ovate-triangular,  early  caducous,  2-3.6  mm 
lontT'  petiole  1-8  <-in  Innt;  blade  oblong-trian- 
gular, oblong-ovate  or  broadly  lanceolate,  up  to 
14  cm  X  9  cm,  base  truncate  to  subcordate, 
apex  acuminate.  Inflorescence  an  axillnrj-  or 
terminal  cj'me  with  umbel-like  clusters  .H-n(- 
10)  cm  long.  Flowers  bisexual,  l-merous;  calyx 
cup-shaped,  1  mm  x  2.5  mm,  entire;  petals 
narrowly  triangular,  c.  .3  mm  kmii.  pink  or  yel- 
lowish; ovary  superior  glabrous.  Fruit  an  ovoid 
to  ellipsoid  berrj^  up  to  18  mm  x  10  mm,  pur- 
plish-red to  black,  l-seeded.  Ser<i  compressed 
(oblonf:-)siibglobo8e,  veiy  slightly  reuifbrm,  up 
to  13  mm  long. 

The  genus  Ciaaus  is  closely  related  to  Cy- 

phnstemma  and  comprises  about  200  species.  Tt 
is  found  all  over  the  tropics  and  subtropics. 
Many  Ciaaua  species  have  uses  in  traditional 
medicine  in  Asia.  South  America,  the  Carib- 
bean and  in  tropical  Africa. 

Ecology  Cisaus  pruducta  occurs  in  evergreen 
forest,  gallery  forest  and  periodically  inundated 

forest  at  altitudes  u-.<      in.'fi  m 

Genetic  resources  and  breeding  Cissus 
producta  is  widespread  and  as  sudi  a  risk  of 
genetic  erosion  is  not  envisaged. 

Prospects  Several  pharmacological  effects 
of  Cisaus  species,  e.g.  as  antispasmodic  and 
anti-inflammatory,  may  be  of  interest  for  fu- 
ture developments.  Research  will  be  needed  to 
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evaluate  the  full  potential  of  Cisaua producta. 

Major  references  Baerts.  M.  &  Lehmann. 
J.,  2002b;  Burkill,  H.M.  2000.  Kaponda- 
Walker,  A.  &  Sillans,  R,,  1961;  Verdcourt,  B., 
1993. 

Other  references  Aguilar,  N.O.,  2001b. 
Authors  C.H.  Bosch 


CiTRULLUS  LANATUS  (Thunb.)  Matsum.  & 
Nakai 

Protologne  Cat.  Sena.  Spor.  Hort.  Dot.  Univ. 

Imp.  Tokyo  30:  No  8-54  (1916). 
Family  Cucurbitaoeae 
Chrontoflome  nnmber  2n  -  22 

Synonyms  Moinonlicu  hiitata  Thunb, 
(1794).  Ci7/7///(/.s  niliian.s  Schrad.  ex  Eckl.  & 
Zeyh.  (1836),  Coiucyiilliis  citruLlus  (L.)  Kuntze 
(1891). 

Vernacular  names 

—  Egusi  melon,  egusi  watermelon,  West  Afri- 
can watermelon  (En).  Pasteque  egousi,  me- 
lon a  pistatht'  (Fr). 

—  Watermelon,  dessert  watermelon  (En)  Pas- 
teque (Fr).  Meiancia  (Po).  Mtikiti,  mlikili 
maji  05w). 

—  Cooking  melon     fodder   melon,  {)resen-inf: 
melon,  citron  (En).  Pasteque  a  cuire,  pas- 
teque fourrag^re,  citre,  mSi^ville  (Pr). 
Origin  and  geographic  diatribution  Citnd- 

his  Itinatti.t  oritjinntes  from  the  western  Kala- 
hari region  ul  Namibia  and  Botswana,  where  it 
can  still  be  found  in  the  wild  in  a  diversity  of 
forms  1(it,'ether  with  ether  Cilnilhis  species  In 
this  region  there  are  two  major  types,  one  with 
small  fruits  that  are  generally  bitter  and 
mainly  used  for  their  secnls,  called  'tsama 
melon  .  This  is  the  probable  ancestor  of  epusi 
melon.  The  other  type  has  fruits  that  are 
mainly  used  as  a  source  of  water  during  peri- 
ods of  drrnitjhf  or  as  rookinp  melons  and  may 
well  represent  the  ancestral  form  of  the  wa- 
tennelon,  fodder  melon  and  cooking  melon. 
Following  first  domestication  of  Citnillus  lana- 
liis  in  southern  Africa  in  prehistoric  times,  its 
cultualion  became  widespread  in  Mediterra- 
nean Africa,  the  Middle  Bast  and  West  Asia 
more  thnn  i?000  years  apo.  Inlrodurtion  into 
India  must  also  ha\'e  occurred  m  ancient  times 
and  here  a  strong  secondary  centre  of  genetic 
divinity  developed.  Citnillus  lanatus  readied 
China  around  the  lOth  century  and  Japan  in 
the  16th  centuiy.  It  was  introduced  to  the 
Americas  in  early  post-Columbian  times. 
Egusi  melon,  grown  for  its  seed,  has  probably 


CUruUua  laiiatua  -  wild  and  piaiited 

been  domesticated  in  the  southern  Sahel  zone 

or  in  rep^ions  sumnmding  the  Kalahari  desert. 
It  is  especially  important  in  West  Africa.  Peo- 
ple in  Namibia  and  Botswana  still  harvest 
most  of  then  seeds  from  the  wild,  but  some 
landraces  ha\t'  liei-n  selected  specifically  for 
their  oil-rich  seed.  Cultivars  grown  in  western 
Sudan  are  probably  of  the  same  type  as  the 
epusi  melon  of  West  .Africa.  Seed  melons  are 
also  important  m  China. 
Watermelon  is  now  widespread  in  all  tropical, 
subtropical  and  warm  temperate  (hot  sum- 
mers) repions  of  the  wm-lil  including  Africa 
Cookmg  melons  are  mainly  found  in  the  north- 
em  and  eastern  parts  of  the  Kalahari  desert. 
Fodder  melon  is  mainly  grown  in  the  United 
States  and  South  Africa. 

Uses  CitmUua  lanatua  comprises  overlap- 
ping groups  of  cultivars  that  yield  seed  or  edi- 
ble fruit.s.  Fruits  of  wdd  or  semi-wild  plants  are 
used  in  the  Kalahari  region  as  a  source  of 
drinkiiu^  water.  The  same  use  is  reported  firom 
Sudan.  Other  primitive  forms  are  used  as  for^ 
age. 

Most  important  in  Africa  are  cultivars  of  which 
the  only  edible  portion  are  the  seeds  The  fruit 

pulp  of  these  cultivars  is  too  hitter  for  human 
consumption.  In  West  Al'rica  they  are  called 
'egusi',  derived  from  the  Toruba  language;  in 

Wolof  lanpuape  (Senepnl)  they  are  called  bo- 
ref .  In  the  Kalahari  region,  the  seeds  are  con- 
sidered a  delicacy.  After  roasting,  they  are 
ground  into  a  coarse,  whitish  meal,  which  is 
nutritions  and  pleasantly  nutty-tastinp.  In 
West  Africa  the  seeds  are  made  mto  pulp  and 
added  as  thickener  to  soups.  They  are  also 
fermented  to  produce  a  sweetener  locally  called 
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'ogiri'  or  thej-  are  roasted,  pounded,  w  rapped  in 
leaves  and  then  boiled  to  produce  another 
sweetener  called  'igbalo'.  The  pulp  of  roasted 
mid  sMitcd  seeds  is  eaten  in  Sudan  and  Ky:ypt 
where  it  is  called  tasali .  In  the  far  northern 
parts  of  Sudan  seeds  of  some  types  are  eaten 
whole,  including  the  seedcoat,  after  lieing 
roasted;  these  are  called  gorom  .  A  highly 
prized  vegetable  oil  is  extracted  from  the  seed. 
This  oil  is  used  for  cooking  and  for  cosmetic 

purposes  nnd  is  of  interest  to  the  phnrmneeuti- 
cal  industry.  The  residue  from  oil  extraction  is 
made  into  balls  that  are  fried  to  produce  a  local 
snack  called  'robo'  in  Xit,'(  i  ia.  or  is  used  as  cat- 
tle teed.  The  oil  is  used  in  making  soups  and  in 
Namibia  it  has  traditionally  been  used  fi>r 
making  soap.  The  seeds  can  be  roasted  to  make 

a  sulistitute  for  coffee 

Many  cullivars  are  grown  as  a  vegetable  crop 
for  fresh  consumption  of  the  refreshingly  jui^ 

nnd  swe<^t  fle.sh  of  the  mature  fruil-  In  most 
parts  of  the  world  the  watermelon  is  the  most 
important  type  of  Citmlku  UmcUus. 
In  several  African  countries,  local  non-sweet, 
non-bitter  cultivars  are  used  as  cookiny  melon, 
e.g.  in  Kenya,  Namibia,  Botswana  and  Zim- 
babwe. Related  types  in  Sudan  are  sometimes 

n^ferred  to  ns  citron'  or  Cilronner,  Younij  fruits 
from  which  the  seeds  have  been  removed  are 
cooked  until  they  are  soft.  In  Zimbabwe  the 
oodsed  melons  are  mixed  with  cooked  beans  or 
cowpeas  nnd  pcnvdered  seeds  nf  bottle  gourd 
are  added.  To  preserve  the  fruit  flesh,  the  seeds 
and  rind  are  removed  and  slices  are  dried  in 
the  sun  A  st iff  porridge  is  made  from  mature 
fruits  mixed  with  maize  or  pearl  millet  flour. 
The  leaves  are  occasionally  used  as  a  cooked 
vegetable.  In  the  United  States  the  rind  of 
some  cultivars  is  made  into  picklo  or  a  sweet 
preserve.  In  the  south  of  France,  the  preserv- 
ing melon  or  citron  is  popular  for  jams.  In  the 
extensive  fn  rm  in  c  systems  of  semi-arid  regions, 
leaves  and  fruits  of  Ibdder  melons  are  a  source 
of  forage  and  water  for  livestock.  'Hie  fnuts  are 
used  as  a  drastic  purgative  in  Senegal:  they  are 
diuretic  and  used  to  treat  diarrhoea  and  gonor- 
rhoea in  Nigeria.  Tar  is  e.vlracled  from  the 
seeds  and  used  for  the  treatment  of  scabies  and 
for  skin  fanning. 

Production  and  interuatioual  trade  West 
and  Central  Africa  are  the  largest  producers  of 
egusi  seed,  but  statistics  are  scarce  FAO  sta- 
tistics include  melon  seed  but  they  also  refer 
to  seed  of  Cucuiiieropsi^  mannii  Naudin  and 
several  Cueurbita  species.  World  production  of 
melon  seed  in  2002  was  reported  as  676,000  t 


from  608,000  ha.  Production  in  Nigeria 
amounted  to  317,000  t  from  .361.000  ha.  Cam- 
eroon produced  57,000  t.  Sudan  16.000  t.  DR 
Tongo  in. 000  t  (Vntral  African  Reiml.lic 
23,000  t  and  Chad  20,000  t.  Outside  Africa, 
China  is  important  with  a  production  of  25,000 
t.  An  estimated  5000-7000  t  is  traded  from 
Nigeria  to  other  West  African  countries.  Sudan 
(where  production  for  seed  is  important  espe- 
cially in  l\ordofan)  exports  about  27,000  t, 
mainly  to  .\r.)l)  countries;  however  quantities 
fluctuate  strongly  from  year  to  year.  L  n re- 
corded trade  of  pulp  and  oil  from  the  seed  to 
African  communities  in  North  America  and 
Europe  occurs.  For  the  Kalahari  region  inter- 
national trade  has  reoostly  started,  but  is  still 
on  a  small  scale. 

Annual  world  production  of  watermelon  in- 
creased from  million  t  from  2. 1  million  ha  in 
1992  to  81  million  t  from  3.2  million  ha  in 
2002  ('hinn  alone  produced  .'i7  million  l  from 
1.8  million  ha  in  2002.  Other  major  producers 
of  watermelon  include  Tuikey  with  3.9  milUon 
t,  North  Africa  (Algeria.  Egypt,  Libya,  Morocco 
and  Tunisia)  2  9  million  t.  Commonwealth  of 
Independent  States  2.8  million  t,  Iran  l.'J  mil- 
lion t,  United  States  1.8  million  t,  Mediterra- 
nean Europe  (Creece  It.ily  Spain)  1.8  million 
t,  Mexico  871,000  t  and  Brazil  620,000  t.  Coun- 
tries in  tropica]  Africa  with  sizeable  water- 
melon production  are  Senegal  with  224,000  t, 
Sudan  1  l.'i  fKlO  i  i '.imeronn  and  Somali n  each 
28,000  t  and  Mauniania  11,000  t.  Watermelon 
is  mainly  produced  for  local  and  uiban  mar- 
ket s.  each  count rj'  having  its  preferences  for 
size  and  type.  Production  for  export  markets 
has  developed  in  the  Mediterranean  region, 
Mexico,  Taiwan,  Malaysia  and  Thailand,  with 
mainly  smnller-friiiteH  Fi  hybrid  cultivars, 
includmg  seedless  types. 
No  information  is  available  on  the  production 
and  trade  of  cooking  melon. 

Properties  The  composition  of  dried  egusi 
seed  without  diell  per  100  g  is:  water  5.1  g, 
energy  2340  kJ  (557  kcal),  protein  28  3  g.  fat 
47  4  g.  carbohydrate  15.3  g,  Ca  54  mg,  P  755 
mg,  Fe  7.3  mg,  thiamin  O.VJ  mg,  riboflavin  0.15 
mg,  niacin  3.65  mg,  folate  58  |ig.  The  seed  is  an 
excellent  source  of  enerpj'  nnd  contains  no  hy- 
drocyanic acid,  making  it  suitable  as  livestock 
feed.  The  seed  oil  consists  of  glycosides  of  li- 
noleic.  oleic,  palmitic  and  stearic  adds.  The 
fruit  flesh  contains  bitter  cucurbitacins. 
The  composition  of  watermelon  per  100  g  edi- 
ble portion  (50-70%  of  the  mature  fruit)  is: 
water  91.6  g,  energy  134  kJ  (32  kcal),  protein 
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0.6  g,  fnt  0. 1  g,  carbohydrate  7.2  g,  ('a  8  mg,  P 
9  mg,  Fe  0.17  mg,  thiamine  0.08  mg,  riboflavin 
0.02  mg.  niacin  0.2  mg,  folate  2  mg,  ascorbic 
acid  9.G  mg  (L'SPA  2002),  The  tr>l,-il  -^kIuMc 
Bohds  (TSS)  content  ol  the  fruit  flesh,  mamly 
sucrose  and  fructose  and  measured  by  a  refrao- 
tometer  (°Brix.  equivalent  to%  TSS).  is  ;in  im- 
portant property  for  quality;  8%  is  marginal, 
10%  acceptable  and  12%  or  higher  excellent. 
Wat^mdon  is  a  rich  natural  source  of  lyCO- 
pene,  a  cnT-otrnoiH  of  prcnt  interest  because  of 
its  antioxidant  capacity  and  potential  health 
benefits. 

Adulterations  and  substitutes  Seeds  of 
Cilmllua  Uuiatus  may  be  replaced  h\  se\  eral 
other  cueuibit  seeds  which  are  generally  re- 
ferred  to  as  egusi  seeds;  the  moat  imi>ortant  of 
these  IS  the  re;d  e^nisi  Cucuinevopaia  niainiii. 

Description  Munuecious,  annual,  scandent 
or  trailing  herb  up  to  4(— 10)  m  long,  climbing 
by  ( t)-fid  tendrils:  roots  shallow,  with  n 
taproot  and  many  lateral  roots;  stem  ridged, 
rather  softly  long-hair}'.  Leaves  simple,  alter- 
nate: stipules  absent;  petiole  2-14  cm  long, 
long-hairy;  blade  oblontr-ovate  in  outline.  4-25 
cm  X  3— ly  cm,  deeply  palmately  7)-lobed, 


CUtuUus  laitatus     1,  pai  l  of  stew  u  ith  female 
floirer;  2,  pari  of  strut  u  ith  male  flou  ej-;  S,  rf^isi 
melon  fmit;  J,  seeds  of  egiisi  melon;  5,  water- 
melon fruit  (rind  and  flesh  partly  removed). 
Redrawn  and  adapted  by  lakak  Syammdin 


lobes  usually  more  or  less  pmnatelj-  sinuatc- 
lobulate,  margin  shallowly  sinuate-toothed, 
l<mg-haiiy  on  the  veins,  beconnng  scabrid- 
punctate.  Flowers  snlitai-y  in  leaf  a.\i!s  unisex- 
ual, 2-3.5  cm  in  diameter,  regular,  5-merou8, 
yellow;  pedicel  1.5-4  cm  long;  calyx  campanu- 
late:  petals  united  below:  male  flowers  with  -3 
free  stamens;  female  flowers  with  inferior,  1- 
oelled,  hairy  ovary,  stigma  3-lobed.  Fruit  a 
beny,  usually  globose  to  oblong  or  ellipsoid, 
.'iometimos  ovoid,  .5-70  cm  lonp  and  weighing 
0.1-30  kg  (0.1-2.5  kg  in  egusi  melon,  1.5-30  kg 
in  watermelon),  white  to  green,  gr^  or  jrellow, 
uniform  or  mottled  r)r  stiiped.  flesh  white  to 
pale  green,  yellow  or  red,  many-seeded.  Seeds 
obovate  to  elliptical,  flattened,  0.5-1.6  cm  x 
0.6-1  cm,  smooth,  yellow  to  brown  or  black, 
rarely  white.  Seedlmg  with  epiijeal  germina- 
tion; cotyledons  leaiy,  rounded  to  oblong. 
Other  botanical  information  CiirulUis 

belongs  to  the  tribe  ^t'llinnlsra^'  of  the  subfam- 
ily Cucurbitoideae,  It  comprises  4  species,  2  of 
which  are  endemic  to  Namibia.  All  spedes  can 
be  hybridized  with  relative  ease,  giving  fertile 
Fi  hybrids,  but  Fj  progeny  of  crosses  with 
CilntlUta  ianatua  as  one  of  the  parents  showed 
a  high  degree  of  sterility. 
Ciirullns  Ianatua  is  scnnetimeB  divided  into  3 
subspecies: 

-  subsp.  lanatur.  including  wild  plants,  the 

tsnma  melon'  and  Citroides  Group,  compris- 
ing fodder  mcl(in  and  citron  melon; 

-  subsp,  mucusospennus  Fursa:  egusi  types 
from  West  Africa; 

-  subsp.  vulgaris  (Sehrad.)  Fursa:  comprising 
cultivated  watermelon  types  dasaified  in 
Dessert  Group,  alao  including  cultivars 
grouped  together  under  Cordophanus  (Imup, 
n  variable  rultivar-group  in  the  Sahara,  Sa- 
hel  and  East  Africa. 

However,  there  is  a  complete  overlap  between 
the  various  types  of  this  hiphly  polymoifihir 
species.  In  AlVn  a  seed  mebms  are  by  far  the 
most  important  group,  in  Nigeria,  there  are 
two  major  seed  types,  which  can  be  differenti- 
ated by  the  presence  or  absence  of  a  seed  edge. 
The  two  types  are  referred  to  as  bara'  (with 
prominent  thick  seed  edge  with  blade  or  white 
colour)  and  erewe'  (without  pronounced  seed 
edge).  The  two  seed  types  can  be  regarded  as 
different  cultivar-groups. 
Hundreds  of  open-pollinated  and  Pi  hjrbrid 
cultivars  are  available  to  watermelon  growers 
m  the  world.  Charleston  (iray  with  oblong  to 
cylindrical  fruits  of  6-15  kg,  pale  green  rind 
with  small  veins  and  pink-red  flesh,  and  'Sugar 


188  VEGETABLES 


Baby'  with  globular  fruits  of  3-8  kg,  dark  green 
rind  and  red  flesh  are  still  the  most  important 
cultivars  in  tropical  Afirica.  New  Fi  cultivars 
with  imjiroved  agronomic-  chnractcristirs  imd 
disease  resistance,  e.g.  "Logone ,  Sugar  Dragon 
and  the  seedless  'Sunshine',  are  now  being  in- 
tnxkiri'il  1<i  the  AlViciii  iii.irki-t  gardeners. 

Growth  and  development  Seed  will  re- 
main viable  for  at  least  8  years  when  stored 
dr>'  at  temperaluri  s  ht  low  IS'C.  Emergence  of 
the  seedling  tnkos  .'>-?  days.  Cotyledons  unfold 
after  10-12  days  and  the  first  true  leaf  appears 
one  week  later.  In  egusi  melon  lateral  branches 
are  proiliu  f  d  on  the  main  stem  from  node  4-6 
and  the  first  male  flower  is  formed  on  node  8— 
11  at  36-50  Aayn  after  sowing,  the  first  female 
flowers  on  node  15-25  at  45-60  days  after  sow- 
ing. In  watei'mt'lon  Imth  the  first  male  and 
female  flowers  are  iorined  somewhat  later.  The 
first  female  flowers  often  have  poorly  devel- 
oped ovaries  and  fail  to  set  fruit.  Flowei'ing 
peaks  50-80  days  after  germination.  Flowers 
open  shortly  after  sunrise  and  remain  open 
azUy  one  day.  Pollination  occurs  in  the  morning 
and  is  done  by  insects,  predommantly  bees. 
Ample  deposition  of  pollen  on  all  three  stigmas 
is  neoessaty  for  regular  fruit  development. 
Within  24  hours  after  iK)llinaljon  thr-  pcdic*'] 
starts  to  elongate  and  bends  downward  wiih 
the  swelling  ovary.  The  fruits  of  watermelon 
are  mature  30-o()  days  after  pollination.  At 
maturity  the  green  fruit  stalk  turns  brown. 

Ecology  in  the  wild  CitniUus  lanaius  pre- 
fers deep  sands  and  occurs  especially  in  dry 
watercourses  and  the  sandy  flats  sunnunding 
them.  It  is  also  found  naturally  in  disturbed 
areas  or  as  a  weed  in  cultivated  land.  It  is 
daylength  neutral.  Egusi  watermelon  is  culti- 
vated in  tropical  lowlands  up  to  10(10  m  alti- 
tude, watermelon  up  to  2000  m.  Both  perform 
better  in  the  savanna  region  than  in  the  wet 
forest  zone.  West  .\frican  seed  typos  rrquire  an 
av^ge  annual  rainfall  of  at  least  700-1000 
mm  and  a  daytime  temperature  of  In 
the  Kalahari  region,  seed  melons  usuall\  i 
tjct  ino-i;."!!  rnm  of  rain.  E.vtx-ssive  rainfall  and 
high  huniuiity  give  excessive  vegetative  growth 
and  promote  disease  inflection,  mainly  leaf  and 
finiit  rot,  with  con.sequont  low  yields.  .Although 
irrigated  dry  season  cropping  gives  higher 
yields,  local  farmers  prefer  to  plant  seed  mel- 
ons during  the  rainy  season,  due  to  lack  (tf  irri- 
gation facilities.  Seed  yield  in  the  dr\-  savanna 
zone  is  2-3  times  higher  than  in  the  rainforest 
zone. 

Well-drained  sandy  loam  soil  with  pH  6-7  is 


adequate;  at  lower  pH  values  soilbome  dis- 
eases (Fusarmin)  may  become  a  serious  prob- 
lem. A  waterlogged  soil  predisposes  the  crop  to 
attacks  of  anthracnose  disease  and  fruit  rut.  .A 
moderately  rich  soil  is  required  for  earlj^  and 
close  vegetative  cover,  which  is  suitable  £6r 
control  of  w<'(>d<  and  >  rosinn, 

Propagation  and  planting  There  is  no 
seed  dormancy',  but  germination  is  retarded 
under  high  temperature  rc>gimi  s  t  Jcrmination 
can  bo  accelerated  by  pre-soakin^z  in  water  for 
21  hours  after  scarilying  the  seed  at  one  end, 
especially  for  cultivars  which  have  a  hard  seed 
coat.  Seed  tjcrmiuates  best  at  temperatures  of 
17°C  at  night  and  32°C  at  daytime  and  also  at 
a  constant  temperature  ol  22*C.  It  will  not 
germinate  at  temperatures  below  16"C.  Light 
has  an  inhibitory  effect. 

After  soil  preparation  seed  melon  is  sown  di- 
rectly on  ridges  or  in  flat  plots.  Both  sole  crop- 
ping  and  mixed  cropping  with  maize,  pearl 
millet,  sorghum  or  cowpeas  occur.  Per  hill  3-4 
seeds  are  sown  at  a  depth  of  3-4  cm;  3—4  weeks 
after  sowing,  at  the  2-1  1*  .if  stage,  seedlings 
are  thmned  to  1-2  per  hill.  A  spacing  of  2  m  x 
2morlmx4in  with  a  population  of  about 
2600  plants/ha  is  suitable  in  sole  cropping,  but 
a  s[)acing  of  2  m  1  ni  is  also  used.  The  mini- 
mum seed  requirement  for  sole  cropping  is  0.8— 
1.6  kg/ha;  in  mixed  cropping  fanners  use  1.0- 
2.0  kg/ha. 

Watermelon  is  seeded  directly  in  a  similar  way 
or  transplanted  after  raising  seedlings  in  pots 
of  9  cm  diameter.  Seedlings  are  transplanted  to 

the  field  when  they  have  ■' V  I  true  leaves,  SOme 
5  weeks  after  tiowing.  Plantmg  distances  are 
0.9-1.2  m  X  1.2-1.8  m  giving  a  density  of  8000- 
9000  plant.s/ha.  Seed  rates  per  ha  are  1-2  kg 
for  direct-seeded  and  0. .'?-(). .t  kg  for  trans- 
planted watermelon.  Seedless  (triploid)  culti- 
vars are  practically  male  sterile  and  require  a 
diploid  cultivar  planted  event'  third  row  for 
adequate  pollmation  and  fruit  set.  Fruits  of  the 
diploid  pollinator  cultivar  should  be  clearly 
distinct  for  easy  separation  of  the  more  vahi- 
alil(.  .;i.(.(||(.<s  fruits. 

Management  A  wide  crop  rolalion  (^cucur- 
bits once  in  4—6  years)  is  essential  to  avoid 
damage  by  soilborne  diseases  and  pests.  Sup- 
plementarj*  irrigation  is  required  before 
ploughing  in  case  of  prolonged  drought.  Two  or 
three  weedings  are  needed  b^bre  the  stems 
grow  into  a  thick  vegetative  cover  over  the  soil 
surface,  attained  in  6-8  weeks  after  sowing. 
The  movement  in  the  crop  should  then  be  re- 
duced to  prevent  plant  damage.  CitruUus  kaui- 
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(us  responds  well  to  fertilizers,  cspeciallj"^  to 
organic  matter.  The  amount  required  depends 
on  the  nutrient  status  of  the  soil.  In  general 
application  at  a  rate  of  20-30  t/ha  organic  ma- 
nure, 50-60  kg  iN,  10-15  kg  P  and  20-30  kg  K 
per  ha  is  suitable  for  good  performance.  In 
oommercial  production  of  \vatermoI<in  nuilch- 
ing  with  polythene  sheets  (black,  transparent 
or  silver-painted)  or  straw  is  common  practice 
to  conserve  moisture,  raise  or  lower  soil  tem- 
poraturos  suppress  woods  nnd  prevent  direct 
contact  of  the  fruits  with  the  soil.  Stems  are 
trimmed  to  prevent  excessively  dense  vegeta- 
tive growth  iind  usually  only  2  fruits  jier  pl.iiit 
are  left  to  mature,  or  up  to  6  in  small-fruited 
cuhivars. 

Diseases  and  pests  There  are  a  number  of 

important  diseases,  althoutjh  CilniHiis  laiiahis 
is  less  susceptible  lhan  cucumber  and  melon. 
Fusarium  wilt  (Fiisarmm  tu^nporum  f.sp. 

uii  rniii)  r.nn  he  prevented  by  wide  crop  rotation 
(preferably  once  in  6  years),  ensuring  good 
drainage  and  using  tolerant^^sistant  cultivars. 
Anthracnose  (Gloitwrella  ci'iigiilala  var.  orbicu- 
lare.  sjTionym:  Culh'tatricliuin  lagenariuiii)  can 
be  controlled  by  dithiocarbamates  and  organic 
fungicides,  but  cultivars  resistant  to  some  of 

the  known  races  are  available.  <  Uimmy  stem 
blight  {Didymella  bryoaiae,  synonym:  My- 
eotphaerella  eitmUUia)  can  also  be  controlled 
with  fungicides,  and  sources  of  resistance  have 
boon  identified  in  wild  CitniUus  accessions 
Powderj'  mildew  (Sphaerotheca  fiiliginea)  may 
occur,  but  in  hot  and  humid  climates  downy 
iiiil(!<'\\  iPsi'U(hip<'r<»i<)sj>ov(t  cuhf'iisis)  is  more 
important.  Bacterial  rind  necrosis  (Erwiiiia 
eantegietma)  may  be  serious^  but  differences  in 
susc(>ptibility  exist  amongst  aooessions.  Bacte- 
rial fruit  blotch  (. IcfV/orora.v  aveuap  subsp. 
cilnilli)  is  a  i-elatively  new  disease,  reported  in 
China  and  the  United  States  since  1989,  whidi 

requires  disease-free  seeds  and  seedlings  crop 
rotation  and  preventive  copper  sprays  to  avoid 
serious  outbreaks.  Major  virus  diseases  are 
watermelon  mosaic  virus  (V\'M\'-2),  papaya 
ringspot  virus  (PRSV-W)  and  zucchini  \<  lln\\ 
mosaic  virus  (ZVMV),  which  are  ail  transmit- 
ted by  aphids  and  cucumber  beetles.  Some 
egusi  melon  lines  are  resistant  to  \\n\rV'-2. 
Other  diseases  include  damping-off  and  root 
rot  (P;^hium  wpp),  AHemaria  leaf  blight  (Al- 
temaria  eaaimerina).  Cercospora  leaf  spot 
{Cercnapnm  citriilliiin)  Phytophthorn  root, 
crown  and  fruit  rot  {Phytophthora  capsici), 
southern  blight  {SdwfOaim  roifnii  and  squash 
lead  curl  virus  (Sij^CV)  transmitted  by  silver- 


leaf  whitcfly  {Demisia  argentifolia). 
Boot-knot  nematodes  {Meloidogyne  spp.),  par- 
ticularly serious  on  sandy  soils,  can  be  pre- 
vented by  crop  rotation,  destruction  of  suscep- 
tible weed  hosts,  solar  sterilization  of  the  soil 
(instead  of  expensive  and  environmentally 
hazardous  fumigation)  and  grafting  on  resis- 
tant rootstocks. 

Common  insect  pests  are  thrips  {Thrips  spp.), 
mites  Cl'i'lidiiychns  spp.),  aphids  (Apliia  ^oa- 
.lypii)  fruit  lly  (Dacr/.s  cilitiliis)  cucumber  bee- 
tles {Diabrolica  spp.),  red  pumpkin  beetle  (All- 
laeophora  spp.),  loopers  (e.g.  Spodopiera  ex- 
i,iiii't.  Trivlioplusia  iii).  Epilachiia  beetles  and 
leaf  uuner  {Liriomyza  spp.).  There  are  many 
types  of  insectiddM  to  control  the  various  in- 
sect pests,  but  indiscriminate  spraying  usually 
aggravates  the  situation  by  destroying  useful 
parasites.  Polythene  mulch,  especially  when 
coated  with  reflective  aluminium  paint,  repels 

tbi-ips  and  aphids.  In  smithem  .\frie;i,  the  most 
serious  pest  is  the  cucurbit  bug  Coridius  vidua- 
tiu.  However,  in  many  cases  farmers  are  not 
worried  about  this  pest  since  their  larvae  form 
part  of  till'  l<K-a!  cuisine. 

Harvesting  In  egusi  melon  fruit  maturity  is 
best  determined  by  the  withering  of  the  fruit 

stalk  .and  nncillan-  tendril.  Finiits  are  rr.acked 
usmg  strong  short  wooden  jmles  They  are  then 
heaped  and  covered  with  drx  grass  to  ferment. 
Fermentation  takes  about  14  days.  The  seeds 
are  then  scooped  out  fri»ni  the  pulp  and 
washed.  They  are  spread  out  in  the  open  to  dry 
under  the  8\m,  and  turned  over  several  times 
tf)  ensure  an  even  drying  Depending  on  tem- 
peratures and  cloud  cover,  the  seeds  are  dry  in 
6-7  days. 

For  most  watermelon  cultivars  under  tropical 
conditions  the  first  fruits  are  ready  t"or  harvest- 
mg  65-90  days  after  trunsplanling  to  the  field. 
Indications  maturity  are  a  muffled  sound 
when  tapping  the  fruit,  the  pale  spot  where  the 
fruit  rests  on  the  ground  tummg  yellow,  the 
fruit  skin  increasing  in  lustre  and  losing  hairs, 
and  the  tendrils  directly  opposite  the  fruit 
stalk  turning  \ell<n\  and  shrivelling.  Water- 
melon fruits  show  non-climacteric  respiraiorj 
behaviour  and  therefore  do  not  ripen  further 
after  han'esl.  The  fruit  is  rut  with  about  .5  cm 
of  stalli.  Fruits  harvested  in  the  afternoon  are 
less  turgid  and  less  likely  to  crack  during  han- 
illing  and  transpitrt. 

Yield  In  West  .\fricn  egusi  seed  yields  vary 
from  225  kg/ha  in  Senegal  to  1100  kg/ha  in 
Nigeria.  In  Namibia  the  seed  yield  ranges  from 
560  kg/ha  to  over  3000  kg/ha,  depending  on  the 
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cultivar  used.  In  Chinn  an  average  seed  yield  of 
1500  kg/ha  has  been  reported. 
Worldwide  the  yield  of  watermelon  avt  r;i^^>  s 
about  2.'5  t/lia.  varying  from  5-60  t/ha,  depend- 
ing on  cultivar  and  cultural  practices.  Seed 
yields  of  watermelon  are  150-400  kg/ha  for 
most  cultivars.  Ehcperimoital  yioMs  nf  rdokinu 
melon  in  Namibia  are  very  high  and  have  ex- 
ceeded 100  tTha. 

Handling  after  harvest  In  Nigeria  the  har- 
vostoH  seeds  are  bulked  and  parked  in  jute 
bags  or  bath  cloth  (20-25  kg)  for  proper  aera- 
tion and  further  diying.  Plant  parts  and  sand 
or  stones  are  removed  from  the  seed  lots.  The 
seeds  are  marketed  whole  (with  the  seed  coat) 
or  as  kernels  (without  seed  coat).  A  portion  of 
the  seeds  (in  Nigeria  10-20%)  is  made  into 
pLdp  for  sale  in  the  market.  ni>iii'  is  made  by 
alkaline  fermentation  with  iiucilltis  and  Alca- 
Ugenes  species,  llie  best  temperature  for  fer^ 
mentation  is  ;!0-:?5°r. 

Watermelon  &uits  are  rather  fragile  and  sus- 
ceptible to  breakage  and  bruising  and  should 
be  handled  and  shipped  with  care.  They  can  be 
stored  for  2-3  weeks  at  lO-lTi'^r  nnd  8",%  rela- 
tive humidity,  in  Al'rica  fruits  are  often  greatly 
damaged  as  a  result  of  poor  handling  and 
transpi'i'i  .-it  mn. 

Genetic  resources  In  Africa  most  farmers 
plant  and  carefully  maintain  their  own  local 
cultivars.  Germplasm  collrrlions  of  Citrullus 
lanafiis  (mainly  watornieinn)  are  maintained 
at  universities,  horticultural  mstitutes  and 
genebanks  in  the  major  producing  countries. 

There  is  a  need  lo  cfiniplement  <".\i>iting  cullee- 
tions  with  additional  germplasm  of  Citiullua 
latuttua,  related  Citmttua  species  and  Aeantho- 
sieyoa  ntnidinianiis  (Sond  l  CfJeffrey  from  the 
primary  (central  and  southcm  Africa)  and  sec- 
ondaiy  (India,  China;  centres  of  genetic  diver- 
sity. Bgusi  watermelon  germplasm  has  been 
rolloctod  and  maintained  ex  situ,  e.g.  by  the 
iiorticulturai  Research  Institute  (NHK)  and 
Universities  in  Nigeria  and  the  Plant  Genetic 
Resources  Unit  of  the  Agricultural  Research 
Corporation  in  Sudan  The  diversity  of  water- 
melon found  in  Namibia  is  represented  by  seed 
collections  held  at  Namibia's  National  Plant 
Genetic  Resources  (^entre  in  Windhoek.  Im- 
proved cultivars  have  not  yet  spread  suffi- 
ciently well  among  the  farmers  to  pose  serious 
danger  to  local  genetic  resources. 

Breeding  Cilnilhis  Iniinliis  is  self- 
compatible  but  outcrossmg  is  more  common. 
The  potential  for  selfing  allows  breeders  to 
create  a  uniform  ctap  in  a  rdatively  abort  time. 


Breeding  programmes  m  Nigeria  and  Sudan 
aim  at  egusi  cultivars  with  profuse  branching, 
early  soil  coverage,  high  number  of  fruits  per 
plant,  many  large  seeds  per  fruit,  seeds  with 
white  colour  for  export  quality  and  disease 
tolerance  or  resistance.  In  Namibia  and  Bot- 
swana additional  attention  is  given  to  the  oil 
content  and  oil  quality  of  the  seeds.  Three 
standard  cultivars  and  nine  other  promising 
lines  of  egusi  melon  nrv  availabl(>  at  the  Na- 
tional Horticultural  Research  Institute  in  Ni- 
geria. These  are  vegetatively  very  similar  but 
differ  in  fruit  colour,  seed  type  and  yield. 
Kmphasis  in  breeding  watermelon  has  shifted 
from  developing  open-poUinated  to  Fi  hybrid 
cultivars.  Heterosis  effect  on  yield  is  not  al- 
ways veiy  large,  but  other  advantages  of  Fi 
hybrids  are  larger  uniformity  of  jdants  and 
fruits,  easier  manipulation  of  fruit  shape  and 
seed  size  and  effective  accumulation  of  domi- 
nant genes  for  disease  resistance  in  one  geno- 
type.  For  the  increasingly'  popular  seedless 
cultivars  Fi  hybrids  are  the  only  option.  Pro- 
duction of  Fi  hybrids  in  watermelon  requires 
hand-pollination  and  the  seedless  hybrids  are 
even  more  difficult  and  expensive  to  produce 
(only  40-100  seeds  per  fhiit  of  the  tetraploid 
female  line  against  20f)-800  for  diploifl  par- 
ents). Seed  production  of  watermelon  hybrids  is 
therefore  generally  carried  out  in  countries 
with  low  costs  of  labour  and  in  arid  regions  to 
facilitate  the  production  of  high-quality  and 
disease-free  seed.  The  recent  discovery  of  cyto- 
plasmic male  sterility  in  China  without  linkage 
to  negative  plant  chai iictr  risi ics  offers  the  op- 
portunity to  produce  legitimate  hybrid  seeds  by 
bee-pollination. 

MiUor  watermelon  breeding  prt^ammes  are 

presently  carried  out  by  government  institutes 
and  private  seed  companies  m  Japan,  China, 
Taiwan,  India  and  the  United  States.  The  most 
popular  Fi  hybrid  cultivars  grown  worldwide 
originate  from  Taiwan,  but  more  recently  seed 
companies  in  other  countries  have  started 
breeding  specifically  for  tropical  lowland  condi- 
tions Main  breeding  objectives  include  com- 
pact plant  types,  earliness,  small  and  round 
fruits,  fruits  with  a  thin  but  strong  rind,  high 
sugar  content  finely  grained  flesh  with  small 
seeds  and  no  hollow  heart,  disease  and  pest 
resistance  (especially  Fusarium  wilt,  anthrac- 
nose  .invl  \  iruses).  heat tolemin'e  ;ind  improved 
seed  proiliiction.  There  are  hundreds  of  open- 
pollinated  and  i'  l  hybrid  cultivars. 

Proqpeeta  CitmUus  Imuiiua  seeds  are  in- 
creasingly used  for  their  oil  in  semi-arid  re- 
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gions  nnd  also  the  use  of  the  oil  in  the  cosniptir 
and  pharmaceutical  industrj'  is  increasing. 
There  are  also  prospects  for  use  of  the  seeds  in 
thi-  improvement  of  mfimt  iiuti  itifin  in  view  of 
their  high  protein  and  fat  content.  The  intro- 
duction of  new  egusi  melon  cultivars  into  tradi- 
tional  cropping  systems  combined  with  appro- 
priate cultural  practices  will  improve  the  sup^ 
pression  of  weeds  and  soil  erosion  and  will  re- 
duce the  producticai  costs.  The  Im  j  M  .  >-rsity 
of  prrmplnsm  nffrrs  scope  for  the  dcvi'lupment 
of  new  cultivars.  Future  research  priorities 
should  emphasize  high  yields  through  devel- 
opment of  vigorous  cultivars  with  early  soil 
coverage  and  good  disease  and  pest  resistance. 
Furdier  research  is  needed  an  the  development 
of  improved  agronomic  practices  and  labour- 
saving  equipment  for  seed  extraction  and  shell- 
ing. Appropriate  storage  and  oil  extraction 
devices  need  to  be  developed  whereby  oxidation 
of  the  oj]  is  minimized. 

The  demand  for  watermelon,  especially'  the 
smaller,  ovoid  to  globular  and  seedless  firuit 
types,  is  rapidfy  increasing  in  many  countries. 

Sources  of  resistance  to  the  most  important 
diseases  and  pests  have  been  identified.  Mo- 
lecular marker-assisted  selection  and  genetic 
transformaHon  will  further  incrnnse  hreedinf: 
eQ'iciency  m  watermelon  and  may  realize  effec- 
tive resistance  to  diseases  and  pests,  unattain- 
able by  conventional  breeding.  The  longer-term 
prospects  of  reducing  dejiondcnce  on  pestiride.s 
when  pi-oducmg  watermelon  fi-uits  are  there- 
fore good.  The  costs  of  hybrid  seeds  are  likely 
to  coiiu'  ilou  ti  onro  I'frccfive  male  sterility  has 
been  mcurporated  mto  the  female  lines  of  Fi 
hybrid  cultivars. 
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Cleume  uynandra  L. 

Protologue  Sp.  pi.  2:  671  (1758). 

Family  < '.ipp.ir.nrr-.ic  (  \P(  ;:  Brassicacene) 

Chromosome  number  2n  =  30,  32,  34,  36 

Synonyms  Cleome  peiUaphyUa  L.  (1763), 
Gyiiandr<^M8  lu'iilaphyHa  (L.)  DC,  (1824),  Gy- 
jiaiuiropMa gyiuuidra  (L.)  Briq.  (1914). 

VemaoulAr  names  Spideiplant,  cafs  whis- 
kers, spider  flower,  bastard  mustard  (En). 
Caya  blanc,  brede  caya  mouzamlu'^  (Fr). 
Musambe  (Po).  Mgagani,  mkabili,  mkabi- 
lishemsi,  mwangani  mgange  (Sw). 

Origin  and  geographic  distribution  The 
origin  of  Cleome  gynandra  is  not  known.  There 
are  claims  that  it  has  a  southern  Asian  origin, 
but  others  suggest  that  it  originates  firom  Af- 
rica or  Central  AmericM  Cli-oine  gyixtiiflra  oc- 
curs throughout  the  tropics  and  subtropics.  In 
Africa,  it  is  mainly  found  near  human  settle- 
menls  possildy  cscnjKs  from  earlier  introduc- 
tions. It  occurs  probably  in  all  countries  of 
tropical  Africa. 

Uses  The  lender  leaves,  yoimg  shoots  and 
occasionally  flowers  are  eaten  boiled  as  pot- 
herb, relish,  stew  or  side  dish.  The  leaves  are 
utilized  in  fresh  form  or  dried  as  powder. 

Sometimes  the  le.ives  are  bitter  and  then 
cooked  with  milk  and/ur  with  other  lealy  vege- 
tables such  as  oowpea  leaves,  amaranth,  night- 
shades {Sokmum  spp.)  and  Cleome  mono- 
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phylla  L.  In  other  areas  the  leaves  arc  boiled 
tind  the  cooking  water  is  discarded.  In  several 
countries,  pounded  groundnut  |)aste  (ix  nnut 
liutlcr)  is  fiddi'd  to  nnprove  the  flfivour,  The 
leaves  may  be  blanched,  made  into  small  balls 
and  sun-  or  air-dried.  This  is  a  popular  product 
in  southern  Africn  which  finds  a  rejich  market 
when  available  durmg  the  rainy  season.  These 
balls  or  leaf  powder  can  be  stored  up  to  a  year 
and  are  soaked  in  waici  l  i  i  i'  )i. mt:  used  in 
cooking.  The  seeds  may  be  used  as  a  substitute 
for  mustard. 

In  several  communities,  boUed  spiderplant 

leaves  are  traditionally  given  to  mothers  before 
and  after  delivery  of  a  child,  and  in  other  situa- 
tions where  blood  has  been  lost,  e.g.  to  warri- 
ors. Similarly,  an  uifusion  of  the  leaves  is  used 
to  treat  anaemia.  The  leaxes  and  seeds  are 
used  medicinally  as  rubel'acienl  and  vesicant, 
and  to  treat  rheumatism,  externally  as  well  as 

internally.  .\n  infui^ion  of  the  roots  is  used  ns  n 
medicine  for  chest  pain,  the  leaves  to  treat 
diarrhoea.  Spideiplant  seeds  thrown  in  water 
can  kill  fish,  which  then  float  to  the  surface. 
The  tjlands  un  the  stems  and  leaves  have  insect 
repellent  properties;  cabbage  and  related  crops 
intercropped  with  spiderplant  suffer  less  from 

(haniond  back-  motli  larvae.  Similarly  in 
French  bean  mtercrupped  with  spiderplant,  the 
beans  are  less  affected  by  flower  thrips  and  are 
therefore  of  better  quality  for  export. 
The  seeds  are  used  to  iV'cd  birds.  The  seed  con- 
tains an  edible  polyunsaturated  oil,  which  is 
extracted  by  simple  pressing  and  does  not  need 
refining.  The  seed  cake  can  be  used  as  animal 
food. 

ProduotiDn  and  intematioiial  trade  Espe- 
cially in  East  and  southern  .Africa,  spiderjdant 
is  sold  in  rural  and  in  urban  markets  (hiring 
the  rainy  season.  So  far  only  limited  quantities 
are  produced  under  irrigation  but  there  are 
tngns  in  a  number  of  countries  that  this  is 
about  to  change,  now  that  seed  of  improved 
cultivars  is  commercially  available.  In  uiban 
centres,  it  is  becoming  increasingly  popular 
with  demand  frequently  surpassing  supply. 
Some  limited  cross-border  trade  lakes  place  of 
the  dried  produce,  e.g.  firom  Zimbabwe  to  Bot- 

swan  i  X  I  -(  at ist ical  (kiln  are  availabl(\ 

Properties  The  composition  of  Cleome  gy- 
jumdra  per  100  g  edible  portion  is:  water  86.6  g 
(83.3-89.6),  energy  1  12  kJ  (31  kcal).  protein  1.8 
g,  fat  0.  I  g,  r.irlxihydrate  5.2  g.  fibre  1.2  g,  ("a 
288  mg,  P  1 1 1  mg,  Fe  6.0  mg,  ascorbic  acid  13 
mg  (Leung,  W.-T.W.,  Busson,  F.  &  Jardin,  C, 
1968). 


The  seeds  contain  the  glucosinolates  cleomin 
and  glucocapparm,  and  an  acrid  volatile  oil 
comparable  with  mustard  oil.  The  easoitial  oil 
is  also  ]ir<'si  iii  m  the  leaves,  and  is  responsible 
for  the  odour  and  flavour  of  the  vegetable,  in 
Kenya  Cleome  gymmdra  was  shown  to  exhibit 
repellent  and  acaricidal  properties  to  larvae, 
nymphs  and  adults  of  the  ticks  RhipicepltaUia 
appendieulatm  and  Amblyomma  vari^gatum, 
indicating  a  potential  for  tick  control.  Carvac- 
rol  was  one  of  the  most  repellent  compounds  of 
the  essential  oil. 

There  are  also  reports  of  anti-HIV  and  antibac- 
terial activities  of  spiderplant  and  of  inhibition 
of  the  growth  of  the  mosquito  Culex  quiiique- 
fasciatua.  The  preeeaice  of  gluoosinolatea,  which 
have  irritant  properties  in  contact  with  the 
skin  explains  the  use  of  spiderplant  as  an  .an- 
tirheumatic and  counter-irritant  in  traditional 
medicine. 

Description  Fred  annual  herb  up  to  1  nO  cm 
tall,  strongly  branched,  with  long  taproot  and 
few  secondaiy  roots;  stem  densely  glandular. 
Leaves  alternate,  palmately  compound  with 
(3-)6(-7)  leaflets;  stipiiles  absent;  petiole  2-10 
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cm  long,  Klandular;  leaflets  almost  sessile, 
obovate  to  elliptical  or  lanceolate,  2-10  cm  x  1- 
4  cm,  cuneate  at  base,  rounded  to  obtuse,  nrnti- 
or  acuminate  at  apex,  margins  fincl\'  tnnthe<l 
sparsely  to  distmctly  hairy.  Inflorescence  a 
terminal  raceme  up  to  30  cm  long,  bracteate. 
Flowers  bisexual,  white  or  tinged  with  purple: 
pedicel  1.5-2.5  cm  long;  sepals  4,  free,  ovate  to 
lanceolate,  up  to  8  mm  long;  petals  4,  elliptical 
to  obovate,  up  to  1.5  cm  long,  clawed;  androgy- 
nophniT  1-15  cm  long  stamens  (5,  purple; 
ovaiy  superior,  stalked,  2-ceIled.  Fruit  a  long, 
narrow,  cylindrical  capsule  up  to  12  cm  x  i  cm, 
stalked  and  beaked  usually  grr-cn  or  yellow, 
dehiscing  from  below  with  2  valves,  many- 
seeded.  Seeds  subglobose.  1-1.6  mm  in  diame- 
ter, grey  to  black,  irregularly  ribbed.  Seedling 
with  olildfii;  nityledons:  first  li'aves  3-foliolate. 

Other  botanical  information  Cleoine  com- 
prises 150—200  about  60  of  them  occur- 
ring in  .Africa.  It  is  clnssifiod  in  the  subfamily 
Cleomoidcafi.  .sometimes  considered  as  a  sepa- 
rate family  Cleomaceae.  Gynandn^ais  has 
been  merged  with  Cleome,  as  the  distinguish- 
ing character,  i.e.  the  connection  of  the  stami- 
nal  base  with  the  gj'nophore  to  form  an  an- 
drogynophore,  is  merely  a  quantitative  diarac- 
tt  r  The  s])idc'rplant  has  a  distinct  androgyno- 
phure  with  stamens  and  ovary  well  beyond  the 
corolla,  whereas  the  other  African  Cleome  spe- 
cies used  as  vegetable  do  not  have  such  an  an- 

drogynofibrinv 

Growth  and  development  Alter  sowmg  the 
first  seedlings  emerge  after  6-8  days.  However, 

germinal  inn  is  erratic,  occurring  over  an  ex- 
tended period.  Dormancy  is  much  reduced 
some  6  months  after  the  seeds  have  dried,  and 
after  12  monlhs  most  scvda  germinate  readily. 
Initial  seedling  growth  is  slow  especially  when 
night  temperatures  are  low,  A  deep  root  system 
is  apparently  formed  first,  later  followed  by 

foliage  development.  The  highi  st  pt-owth  rate 
occurs  r>-(]  weeks  after  germination.  The  leaves 
display  strong  drcadian  movements,  which 
follow  the  direction  of  the  sun.  These  move- 
ments an'  stronger  sit  hiu'h  light  intensity  and 
temperature.  Like  amaranths,  spiderpianl  has 
a  C4  cyde  showing  highly  efficient  photossm- 

thesis  under  favourable  conditions  of  tempera- 
ture, soil  moisture  and  light.  Apical  dominance 
is  usually  weak,  as  auxiliary  buds  start  break- 
ing between  the  second  and  third  week  of  plant 
growth  but  there  is  considerable  variation  in 
this  character  with  some  plants  having  few 
branches  only.  Plants  tend  to  start  flowering 
4-6  weeks  aft^  germination,  usually  when  60- 


90  cm  tall;  stress  can  trigger  flowering  <'vpn  at 
the  seedling  stages.  Regular  im  king  and  de- 
flowering encourages  lateral  growth  thus  ex- 
tending the  harvesting  period,  which  will  be 
helped  further  by  top  dressing  with  a  nitroge- 
nous fertilisser  and  adequate  moisture  supply. 
After  repeated  harvesting  the  remaining  plant 
will  flower  for  an  extended  period  until  the 
rains  stop.  During  the  reproductive  stage, 
which  may  take  up  to  three  months  under  fa- 
vourable conditions  vegetative  growth  declines 
and  leaves  become  senescent  quicldj".  The 
fruits  dry  after  a  few  wedcs  and  dehisce  to  re- 
lease drj'  seeds. 

Cleome  gyiuuidra  is  both  self-  and  cross-pollina- 
ted. In  Vaiezuela  plani  populations  with  either 
male  or  female  flowers  were  lound  Such  i)opula- 
tions  have  not  been  renin  led  m  Africa.  In  stud- 
ies carried  out  in  Zimbabwe  in  2001  it  was  ob- 
served that  some  flowers  first  develop  stamens, 
others  first  the  pistil.  .\  i^oyiiilation  has  been 
found  with  a  few  plants  that  show  male  sterility, 
producing  short  anthers  that  do  not  shed  pollen. 

Ecology  Cleome  gynandra  occurs  fix)m  sea 
level  up  to  2400  m  altitude  ;ind  reriuires  warm 
conditions;  growth  is  hampered  below  15'*C.  It 
is  less  common  in  areas  with  a  very  humid 

climate.  Tl  lol(M-afes  some  drought,  but  water 
stress  hastens  maturity  am!  senescence.  It  is 
insensitive  to  daylength.  Sju  i.  rplant  is  found 
on  a  wide  range  of  soils  mostly  on  sandy  to 
clayey  loam,  provided  they  are  deep  and  well 
drained  with  pH  5.5-7.0.  It  prefers  soils  with 
high  organic  matter  and  adequate  mineral 
reserves  Spitlerjilant  is  a  weed  in  crops  on 
fertile  w  ell-manured  soils. 

Propagatiou  and  plautiug  There  are  ap- 
proximately 1250  seeds  per  g.  Traditionally 
new  crops  of  spidei-jilant  are  eslablished  spon- 
taneously from  natural  seed  dispersal.  This 
system  is  gradually  being  replaced  by  actual 

farming  whereby  the  seeds  are  sown  directly 
in  a  well-prepared  seedbed  either  on  flat  land 
or  on  ridges  or  beds.  The  seeds  are  very  small 
and  therefore  mixed  with  dry  sand  at  a  ratio  of 
1;  Id  This  mixture  is  either  broadcast  or  drilled 
in  rows  spaced  at  30-(i0  cm.  Deep  sowing 
should  be  avoided  because  it  hampers  germina- 
tion.  Seedlings  emerge  after  1-8  days.  Thin- 
ning is  done  3  weeks  later  to  leave  10-20  cm 
between  the  plants  when  sown  in  lines  or  25- 
30  cm  in  each  dizection  when  broadcast.  The 
thinned  plants  are  usually  consumed.  Trans- 
planting is  only  possible  at  the  very  early  stage 
because  young  seedlings  have  a  taproot  with 
few  lateral  roots.  Transplanting  at  30  cm  is 
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reported  from  (^oto  d  Ivoirc.  In  Zimbabwe,  rais- 
ing seedlings  in  plastic  trays  has  been  investi- 
gated with  encouraging  results. 
Somi-  fMrmcrs  e,tr  in  ryamhi.  sow  h  mixture  of 
spiderplant  with  amaranth  and  one  of  the 
nightsliade  (Solamim)  species  by  broadcasting 
the  sri'ds  ;in<l  harvest  the  fastest  growin;,'  crup 
first,  leaving  more  space  lor  the  others,  which 
will  be  harvested  during  the  following  weeks. 

Management  Spiderplants  do  not  form  a 
dense  leaf  rover  sn  tbnt  weeding  is  needed 
especially  during  the  first  G  weeks.  Experi- 
ments in  Tanzania  and  Zambia  have  shown 
that  the  optinuun  nitioi^cn  liife  as  sulphate  of 
ammonia  or  calcium  ammonium  nitrate  is  120- 
130  kg/ha,  but  higher  recommendations  are 
also  given.  After  thinning  at  3^  weeks,  a  top 
dressing  of  up  to  100  kg/ha  of  ammonium  ni- 
trate IS  recommended.  Nitrogen  applications 
delay  the  onset  of  flowering  and  will  thus  en- 
sure a  Ifinper  hnrvesting  period.  The  crop 
should  be  sown  with  the  onset  of  the  rains  to 
ensure  adequate  moisture  during  the  growing 
season.  In  areas  with  limited  rainfiall  like  in 
Botswana  and  Xamil)ia,  farmers  may  sow  in 
dry  land  before  the  first  rains.  The  usually 
irregular  germination  ensures  that  there  is 

enoiifjli  seeH  left  for  later  rainS  when  a  Inn II 
mterval  between  the  first  and  successive  rains 
may  kill  the  first  seedlings.  Water  stress  re- 
duces the  yield  and  quality  and  enhance.s  early 
SMiescrnre.  Spiderplant  ran  well  be  prnHured 
in  the  dr>'  season  under  irrigation.  It  requires 
less  water  than  most  other  conventional  vege- 
ta!)!('s  I'loDilitii;  i<  not  tolerated. 

Diseases  and  pests  The  mam  fungal  dis- 
eases are  powdery  mildew  (Spkaerotkeea  fii- 
liginea,  CHdiopsLi  laiinca)  and  leaf  spot  {Cerco- 
spora  uraifipn .sis)  Cabbage  aphid  {Brrvlcnryue 
hrassicae)  is  a  serious  pest  causing  stunted 
growth  and  wrinkling  of  the  leaves  and  grow- 
in  L'  tips;  it  possibly  spreads  virus;  diseases.  This 
apliid  has  recently  caused  total  crop  failure  in 
Tanzania.  The  hurricane  bug  (Bagrada  spp.) 
may  similarly  affect  spiderplant;  the  attadcs 
are  more  prevalent  during  dry  periods  but  can 
be  effectively  controlled  with  insecticides.  Spi- 
derplant can  be  attacked  by  many  other  in- 
sects, e.g.  pent ,it rimids  (Arrnslprnum  grwni- 
neum  and  Agouoaelis  nubilis)  and  flea  beetles. 
It  is  suBoeptfttle  to  root*knot  nematodes  (Mdoi' 
dogyne  spp.). 

Young  seeds  are  eaten  by  weaver  buds.  Fruits 
can  also  harbuui  insects  that  consume  the 
young  seeds.  American  bollworms  are  fi»- 
qu^Uy  found  inside  the  fruits.  When  a  crop  is 


grown  for  leaves  and  seed,  application  of  insec- 
ticides should  be  considered  from  the  moment 
that  harvesting  of  leaves  has  come  to  an  end. 

Harvesting  Spiderplant  is  traditionally 
picked  at  the  beginning  of  the  ramy  season 
when  vegetables  are  scarce.  In  cultivation, 
seedlings  are  thinned  when  the  plants  reach  a 
height  of  15  cm,  which  constitutes  the  first 
harvest.  When  adequate  space  has  been  cre- 
a(c>d,  th«>  top  shoot  from  the  n'maininti  (liants 
will  be  picked,  allowing  new  side  sho(jis  to  de- 
velop. Some  farmers  just  pick  the  tender  leaves 
and  jroung  shoots  whilst  others  wait  for  the 
shoots  to  grow  out  and  harvest  these  when 
they  are  about  25  cm  long.  This  process  of  ra- 
toon  croi'iMni:  can  be  repeated  several  times. 
For  see<l  h  -^ting.  the  easiest  way  is  to  col- 
lect fruits  belore  they  are  f'ullv  ripe  and  to  diy 
them  under  controlled  conditions. 

Yield  Cumulative  leaf  srields  of  30  t/ha  per 

.season  may  be  attained.  Weekly  leaf  yields 
increase  until  about  the  7th  week  of  growth 
and  then  start  to  decline.  By  the  10th  week  of 
growth,  yields  have  declined  by  about  90%  and 
the  harvest  is  stopped.  The  leaf  bitterness  in- 
creases with  age  as  well.  A  healthy  crop  in 
whidfai  two  or  three  piddngs  of  shoots  have 
taken  place  nun-  subsequently  yield  up  to  500 
kg  of  seed  per  ha. 

Handling  affcer  harvest  Spiderplant  leaves 
are  delicate  and  wilt  readily  when  exposed  to 
the  sun.  It  is  inipo?-tant  to  keep  them  cool  and 
to  spruikle  them  with  fresh  water.  People  m 
rural  areas  preserve  part  of  the  crop  by  sun 

drj'ing,  For  thi-<  |nirj)Ose  leaves  are  allowed  to 
wilt  a  bit  before  being  blanched  and  spread  to 
dry.  In  Botswana  and  Namibia,  fresh  leaves 
tan  cooked  for  2  hours  w  iih  some  salt  added  to 
remove  the  bitter  flavour.  The  boiled  leaves  are 
kneaded  into  small  balls,  which  are  then  dried 
in  the  sun.  These  balls  can  be  stored  until  the 
next  rainy  season.  Soaking  the  balls  in  water 
will  reconstitute  the  leaves,  after  which  they 
can  be  prepared  for  a  meal  in  the  same  way  as 
fresh  produce.  In  Namibia,  the  processed 
leaves  ;ire  marketed  as  <imii\'anil.a  cakes 

Genetic  resources  Studies  in  Kenya  and 
Zimbabwe  indicate  that  there  is  significant 
variation  amon<;  jilant  populations  for  many 
characteristics,  f  urther  studies  are  needed  to 
determine  to  what  extent  these  differences  are 
due  to  climatic  soil  fertility  or  stren  condi- 
tions, (^learly  different  populations  can  be 
found  in  the  coastal  regions  of  Kenya  and  Tan- 
zania^  with  relatively  small  plants  that  are 
much  branched  and  have  distinctly  dark,  al- 
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most  black,  straight  and  stiff  fruits.  They  ap- 
pear to  be  very  different  from  plants  encoun- 
tered elsewhere  m  Africa,  where  the  fruits  are 
ffir  from  stiff  fuul  often  uiccn  oi-  yi'llow  t<i  imlo 
brown.  Germpiasm  collections  are  maintained 
in  Botswana,  Kenya,  Namibia,  Tanzania,  Zam- 
bia and  Ziinbiiliwe. 

Breeding  Most  farmers  use  their  own  local 
selections.  Several  seed  producers  and  insti- 
tutes hnvc  m;i(le  scleclions  from  these  land- 
races.  The  offspring  from  thes<'  selections  were 
foimd  to  be  rather  variable  even  when  self- 
pollination  was  applied  AVRDC  in  Aruaha, 
Tnnziiniii  h;is  both  a  Kicen-stcmined  and  a 
purple-stemmed  selection  and  seeds  are  made 
available.  Similarly.  Zambia  Seed  Company 
has  produced  seed  t  i  hstribution  to  farmers. 
In  Kenya  a  eultivar  rnlled  Sajjet"  is  sold  in  seed 
shops  and  local  selections  are  sold  at  rural 
markets.  There  is  clearly  scope  for  further  re- 
search here.  The  foriis  of  peniHie  improvement 
is  on  higher  leaf  yield,  plant  uniformity,  longer 
vegetative  phase  and  drought  tolerance.  The 
leaf  yield  is  highly  inll  i  I  by  the  environ- 
ment and  therefore  show  s  low  heritability. 

Prospects  Spiderplant  is  a  highly  appreci- 
ated vegetable  in  many  communities  in  tropical 

.\fricn  uith  ;i  tjood  polentinl  for  further  (le\fl- 
opment.  ivnowledge  of  plant  breedmg  and 
agronomy  is  still  scarce.  Also  its  medicinal 
properties  and  use  as  insect  an<!  Ink  repellent 
should  be  investigated  further.  The  seed  oil 
also  seems  to  have  potential. 

Major  references  Chayamarit,  K.,  1993; 
Chweya.  J. A.  &  Mnzava.  X.A..  1997:  Leant; 
W.-T.W.,  Busson,  F.  &  Jardin,  C,  1968;  Schip- 
pers,  R.R.,  2002a;  Windadri,  F.I.,  2001. 

Other  references  .Abbiw,  D.K  ,  1997;  Mir- 
ghani,  K  .\  &  Kl  Tahir,  l.M  UM»7:  Chipumira 
Ngwerume,  F.,  2000;  Chigumira  Ngwerume, 
F.,  Mvere,  B.  &  Mhazo,  M.,  1998;  Chw^a,  J.A., 
1997:  Orubben,  C,  1967:  Kemei  J.K.  Wn- 
taaru,  R.K.  &  Seme,  E.N.,  1997;  Kwapata,  M.B. 
&  Maliio.  M.F.,  1997;  Madisa,  M.E.  & 
Tshamekang,  M.E.,  1997:  Malonza.  M.M,  et  al., 
1992:  Mathensie.  L  1997:  Motlhare.  T.  et  al., 
1999;  Mingochi,  D.S.  &  Luchen,  S.W.S.,  1997; 
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Ci^OME  UIRTA  (Klotzsch)  Oliv. 

Protologue  Fl.  trop.  Afr  181  (1868). 

Family  Capparai'ene  ( AP'  1:  Rrassicaceae) 

Vernaciilar  names  Spiderplant  (En).  Mu- 
sambe  (Po).  Mgagani  (Sw). 

Origin  and  geographic  clistribiitiou  Cli'DUto 
hirta  occurs  from  Ethiopia  and  Somalia 
through  eastern  and  central  Africa  to  southern 
Africa  and  has  occasionally  b(H>n  introduced  in 
western  tropical  Africa  and  Madnpascar. 

Uses  In  DR  Congo,  Uganda,  Tanzania,  Zim- 
babwe and  perhaps  elsewhere  in  its  distribu- 
tion area.  Cleome  hirta  is  consumed  as  a  vege- 
table. The  young  shoots  and  leaves  are  col- 
lected, wilted,  chopped,  boiled,  mixed  with 
other  vegetables  (e.g.  peas  or  amaranth)  or 
used  alone  when  more  preferred  \  egetal>les  are 
nut  available,  and  eaten  with  a  staple  loud. 
Sometimes  clarified  butter  Cghee")  is  added  to 

improve  the  palatability.  The  leaves  are  taken 
to  reduce  hypertension  and  boiled  roots  and 
leaves  are  used  to  cure  measles. 

Properties  There  is  no  information  on  the 
nutritive  cotniinsition  ui  Clrunn'  liiiUi.  Lait  it  is 
probably  comparable  to  the  better  known  and 
more  widely  used  Cleome  gynandm  L. 

Botany  Erect  annua!  or  short-lived  peren- 
nial, sticky  herb  with  a  bad  smell,  up  to  180  cm 
tall;  stem  striate,  sparingly  to  strongly 
branched,  densely  covered  with  glands.  Leaves 
alternate  Hipitately  o-n-foliolate:  petiole  up  to 
9  cm  long;  leaflets  linear-elliptical,  1-9  cm  x  1- 
5  mm,  glandular  hairy,  decreasing  in  size  up- 
wards. Inflitrescence  a  terminal  raceino  10— 
30(-4U)  cm  long;  bracts  similar  to  small  leaves 
but  sessile,  usually  3-6-fbliolate.  Flowers  bi- 
sexual, regular,  4-merou8;  pedicel  up  to  1.8  cm 
long:  sepals  narrowly  lanceolate,  4-12  mm 
long,  glandular  pubescent;  petals  oblong- 
ciblanoeolate,  up  to  2  cm  ^  4  mm,  distinctly 

clawed  at  the  base  for  about  one  third  of 
length,  pink  to  purplish  with  yellow  zone 
across  the  middle;  stamens  usual^  10-12, 
filaments  slender,  up  to  2.5  cm  long,  subequal, 
glandular  pubescent  at  base:  ovar>'  superior.  1- 
celled,  linear-cylindrical,  stalked,  glandular 
pubescent,  style  2  mm  long,  stigma  subcapi- 
tnte.  Fruit  a  cylindrical  capsule  (!- If!  cm  x  l^-l 
mm,  stalked  up  to  2  cm,  glandular  pubescent, 
dehiscing  witii  2  valves.  Seeds  discoid,  2-2.5 
mm  in  diameter,  daric  brown,  with  fine  longi- 
tudinal striations  and  pronounced  transverse 
ridges. 

Cleome  comprises  150-200  species,  with  ilie 
majority  in  tropical  America,  whereas  about  60 
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are  known  from  tropical  Mrica.  It  is  classified 
in  the  subfamily  Cleomoideae.  sometimes  con- 
sidered as  a  separate  family  CJeoitiaceae.  Cle- 
oinc  itlldtiniiu'i  Chiov.  is  found  in  Ktlimiun  .mil 
Kenya,  restricted  to  the  surroundings  of  Lake 
Turkana  on  sandy  and  rocky  localities.  It  re- 
sembles Cleoini'  liirta.  but  is  a  smaller  herb.  Its 
leaves  are  similarly  used  as  a  v^[etable.  In 
southern  AAica,  CleotM  nuMulata  (Sond.) 
S/ys/.yl.,  known  from  Botswana,  Zimbabwe  and 
South  Africa,  is  also  enton  as  a  cooked  vegeta- 
ble. It  is  also  a  small  herb,  up  to  30  cm  tall, 
often  growing  as  a  weed  on  distuibed  sandy 
seil 

Ecology  Cleoine  hi  it  a  occurs  in  deaduous 
woodland,  dry  savanna  grassland  and  on  sandy 
plains.  It  is  also  a  weed  of  roadsides,  disturbed 
soils  and  nirinlnnd  from  sea-le\r'l  up  to  1800  m 
aUilude.  The  annual  rainfall  in  the  distribution 
area  is  usually  lower  than  700  mm  but  may  be 
up  io  1  700  mm. 

Management  Clmuie  hirta  is  only  collected 
from  the  wild,  mainly  m  the  early  rainy  season, 
and  not  cultivated.  Propagation  is  possible  by 
s<'ed  and  eullivation  is  probably  easy,  similar 
to  Cleoine gynaiidiu. 

Oenetie  resourees  and  breediue  Cleome 
hirta  is  wideqiread  and  not  in  danger  of  ge- 
netic erosion. 

Proqieots  Cleome  hirta  will  remain  a  minor 
vegetable  collected  from  the  wild,  mostly  of 
importance  when  other  vegetables  are  scarce 
its  nutritional  and  medicinal  properties  need 
investigation. 

Major  references  Codd.  L.K.  et  al,  1970: 
Elffers,  J.,  Graham,  R.A.  &  Dewolf,  G.P..  1964; 
Katende,  A.B.,  Ssegawa,  P.  &  Bimie,  A.,  1999; 
RulTc  iMv,  Bimie,  A.  &  Tengn;i.s.  R..  2002. 

Other  references  Burkiil  H.M..  1085;  Fici, 
S..  Thulin,  M.  &.  Kers,  L.E..  1993;  Hauman,  L. 
&  Wilczek,  R.,  1961;  Kers,  L.E..  2000;  Maundtt, 
PW  W'uci  <;\v  Knhuye,  r.H,8.,  1999; 
Ohver,  D.,  1868;  Schippers,  K.R.,  2000;  Wild, 
H.  &  Conpakes.  M.L.,  1973;  Wild,  H.,  1960. 
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Cleome  monophylla  L. 

Protologue  Sp.  pi.  2:  672  (1753). 

Family  Capparaceae  (APG:  Brassicaceae) 

Chromoaome  mimber  2ii  =  'J.'2 

Vernacular  names  Spiderplant,  spindle 
pot,  bastard  mustard  (En). 

Origin  and  geographie  dialribuiiom  Cleome 
mmophylla  is  widespread  in  tropical  and  sub- 


tropical  Africa,  including  Madagascar  and 
other  Indian  Ocean  islands,  and  is  also  found 
in  India  and  Sri  Lanka. 

Uses  .Although  the  fresh  Clfoitu'  inoitu/iliylla 
plant  has  an  unpleasant  smell  and  acrid  taste, 
it  is  locally  used  as  a  vegetable  in  Africa.  It  is 
m<ist  popular  in  southern  Africa  hut  manily 
when  better  vegetables  are  not  available.  Par^ 
ticularly  the  young  leaves  and  shoots,  but 
somelimes  ;d!  .ilnAoground  parts  ar(»  used  as  a 
rooked  vegetable  or  ns  a  flavouring,  alone  or 
mi.Ked  with  other  vegetables  and  added  to  a 
staple  food.  In  Tanzania  the  seed  has  been 
used  to  prepare  a  mustard-like  vegetable  od, 
In  Nigeria  crushed  leaves  are  rubbed  on  the 
head  against  headadie  and  finely  ground  leaf 
is  put  in  the  eye  to  remove  irritating  particles. 
In  Tanzania  dried  ground  leaves  are  put  on 
sores,  and  roots  are  chewed  to  treat  cough.  The 
whole  plant  is  used  externally  to  treat  swell- 
ings In  Inili.'i  the  leaves  and  seeds,  alone  or  in 
a  mixture,  are  applied  to  ulcers,  boils  and 
wounds  to  prevent  the  formation  of  pus.  Plant 
juice,  with  some  water  added,  is  a  common 
remedy  against  ear  inflammations  and  is  a 
sudorific  in  cases  of  fever.  The  seeds  have 
anthelmintic,  rubefacient  and  vesicant  proper- 
ties. 

Properties  The  nutrient  content  of  Cleome 

moiio/,/,  per  100  g  (c-ooked)  is:  energy  73  kJ 
(17  kcal),  protein  3.0  g,  lit  i  -  lJ.7  g,  Ca  1.9  mg, 
Fe  0.2  1  mg,  Zn  0  I'',  mg,  li-earotene  3.08  mg, 
folate  50.5  ng,  ascorbic  acid  13.2  mg  (Nesam- 
vuni,  C,  Steyn,  N.P.  &  Potgieter,  2001).  Some 
ponpli'  prefer  Cleome  moiinpltyllu  to  Cleome 
gynandni  because  it  is  said  to  be  less  bitter.  In 
Uganda  it  is  recommended  that  it  be  cooked 
one  day  before  eating  to  allow  slightly  tOXic 
enzymes  to  break  down  It  is  probably  because 
of  its  smell  and  taste  that  cattle  will  not  easily 
graze  it. 

An  essential  oil  e\tr;icted  from  Clronie  mono- 
phylla  exhibited  repellency  against  the  tick 
RhipicephcUua  c^pendiailabts  and  the  maize 
weevil  {SiU^hibis  zeamais).  comparable  to  that 
of  the  eommereial  arthropod  repellent  thethyl- 
toluamide  (Deet).  Of  the  14  constituents  of  the 
oil  the  major  ones  are:  terpenolene  (14%),  l-oi- 
terpeneo]  (10%),  pentncosane  (0%)  (a.  and  P)- 
humulene  (8%),  ph^^tol  (5%)  and  2-dodecanone 
(4%).  The  most  repellent  components  were  1-a- 
tei|ii>ni  iil  iuid  2-dodecanone. 

Botany  Erect  or  spreading  annual  herb  up 
to  1  m  tall;  stem  densely  covered  with  short 
glandular  and  longer  non-glandular  hairs. 
Leaves  alternate,  simple;  petiole  up  to  2.5  cm 
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long;  blade  usually  lanceolate  or  oblong,  some- 
times ovate  or  linear-lanceolate,  1.5-7  cm  x 
0.7-3  cm.  margin  entire,  pubescent  on  both 
surfaces  with  luiirs  likt-  those  on  thi*  stem  In- 
florescence a  few -flowered,  termmal  raceme,  in 
finiit  up  to  35  cm  long.  Flowers  bisexual,  small, 
4-merouB;  pedicel  up  to  1  cm  long:  sepals  nar- 
rowly lanceolate,  3-5  mm  long;  petals  free, 
obovate  to  oblanceolate,  3-9  mm  x  1.6-2  mm, 
at  base  tapenn^  into  a  thin  claw  about  as  long 
as  the  sepals,  pink  to  purplo  stnmons  two 
inner  ones  slightly  longer  than  outer  ones,  fila- 
ments 5-6  mm  long;  ovaiy  superior,  1-celled, 
pubescent,  style  short,  stigma  capitate.  Fruit  a 
spindie-ahaped  capsule,  3-9  cm  x  2-2  mm, 
with  stalk  up  to  4  mm  long,  doisely  covered 
with  glandular  and  non-glandular  hairs,  com- 
pletely dehiscing  with  2  valvt-s.  Sct'ds  flattened 
to  subglubuse,  1,5—2  mm  in  diameter,  dark 
brown  with  fine  longitudinal  striations  and  low 
transverse  ridges. 

Cleome  mmprises  150—200  species,  with  the 
majority  in  t  ropical  America,  whereas  about  50 
are  known  IVom  tro^li^!ll  .\frica.  It  is  classified 
in  the  sulifiimiiy  Clcoiiioidi'ac.  sometimes  con- 
sidered as  a  separate  family  Cleoiiiuceae.  Cle- 
ome mtmophyUa  is  easily  recognized  because  of 

its  simple'  entire'  leaves. 

Ecology  Cleome  monophylla  is  found  in  dry 
savanna  grassland,  deciduous  woodland  and 

bushland,  lakeshores,  distuibed  land  and  ns  n 
weed  nf  cultivation  from  sea-li  vcl  iifi  to  2100 
m  altitude.  In  Uganda  it  grow  s  m  areas  with 
an  annual  rainfall  of  700-1200  mm.  In  dry 
areas  it  often  grows  on  humid  sandy  soil  in  the 
rainy  season,  but  it  tolerates  a  wide  range  of 
soils. 

Bfaiuigement  Cleome  niniiophylla  is  collected 
from  the  wild  and  is  not  cullivatcfl  However, 
propagation  is  possible  by  seed  and  cultivation 
methods  are  similar  to  those  of  Cleome  gynan- 

drn  luit  cDmrnei-rinl  riiltivntion  does  not  seem 
promismg  because  of  the  small  leaves.  In  Ma- 
lawi Oleoma  monophylla  ia  a  host  for  the  to- 
bjicco  aphid. 

Genetic  resources  and  breeding  Cli-onu- 
iitoHophylla  is  widespread  and  not  in  danger  of 
genetic  erosion. 

Pro.speots  CJifowr  lunnnphylla  will  rrmnin  n 
mmor  vegetable  of  local  importance.  Its  nutri- 
tional, medicinal  and  insecticidal  properties 
deserve  more  investin;ni<in, 

Major  references  IHurkill.  H..\I.,  198.5;  Ka- 
tende,  A.B.,  Ssegawa,  1'.  &  Birnie,  A.,  1999; 
Kers,  L.E.,  1986;  Nesamvuni,  C,  Steyn,  N.P.  & 
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Otiier  references  Elffers,  J.,  Graham,  R.A. 
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Cleome  rutidosferm\  DC. 

Protologue  Prodr.  1;  24  1  (182  1). 
Family  Capparaceae  (APG:  Brassicaceae) 
ChromoflKnne  nnmber  2/t,  =  30 
SjrnonyiiM  Cleome  eUiata  Schumadi.  & 

Thonn.  (1827). 

Vernacular  names  Spiderplant,  fringed 
spiderflower  (En).  Musambe  (Po).  Mgagani 

(Sw) 

Origin  and  geographic  distribution  Cleome 
mtidosperma  is  a  pantropical  weed  of  coastal 

re^n  II'-  It  is  widely  distributed  from  Senegal 
to  Angola,  particularly  in  the  coastal  regions, 
but  often  extendmg  deeply  mlo  the  mterior. 
Oocasicaially  it  has  also  been  found  elsewhere 
in  .Africa,  for  example  as  a  weed  in  East  .Africa 
(Uganda,  Tanzania).  In  Nigeria  it  ocx:urs  as  a 
weed  in  rice  fields.  In  West  Africa  it  is  occa- 
sionally cultivated  as  a  polherli 

Uses  The  leaves  of  CIronir  nitlilosprrnia  are 
collected  from  the  wUd  and  eaten  as  a  cooked 
vegetable  or  added  to  soup.  They  have  a  bitter 
taste  like  mustard  and  in  Uganda  clarified 
butter  (  ghee)  is  sometimes  added  to  give  it 
more  flavour.  It  has  similar  medicinal  uses  as 
Cleome  gynandra  L.  l.oaf  sap  is  applied  in 
Ghana.  (Jabon  and  DR  Congo  to  cure  enrnche 
and  deafiiess.  In  Ghana  a  leaf  extract  is  used  to 
treat  irritated  skin  and  in  Nigeria  it  is  used  to 
treat  con\-ulsions-  Tn  Malaysia  planting  of  Cle- 
ome mtidosperma  around  field  edges  may  be 
considered  as  part  of  an  insect  control  pro- 
gramme, diverting  oviposit  ion  of  diamondback 
moth  (Pliilrlhi  xyhsti'llu)  away  from  cultivated 
plants.  In  some  areas  (e.g.  the  Philippines, 
Australia)  Cleome  rutidoaperma  is  a  trouble- 
some w  i! 

Properties  i^'resh  leaves  of  Cleome  ruti- 
doaperma conl^ain  per  100  g  edible  portion: 

water  81.0  g.  energy  2.39  kJ  (-"T  kcal).  protein 
.5. .5  g,  fat  0.9  g.  carbohydrate  10.1  g,  fibre  1.7  g 
Ca  154  mg,  Mg  38  mg,  P  59  mg,  Fe  2.7  mg 
(Leung,  W.-T.W.,  Busson,  F.  &  Jardin,  C, 
1968). 
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Botany  Erect  annual  herb  up  to  50  cm  tall, 
branched  from  the  base;  stem  finely  pubescent 
or  glandular  pubescent,  green-purplish.  Leaves 
nlrcniate.  3-folioltite:  petiole  up  to  7  cm  long: 
leaflets  elliptical,  1-6  cm  x  0.5-2.5  cm,  gla- 
brous to  sparsely  setulose-pubescent.  Inflores- 
cence iMivinose.  lax  and  not  clearly  demar- 
cated: bracts  similar  to  leaves.  Flowers  bisex- 
ual, regular,  4-merous:  pedicel  up  to  3.6  cm 
long  in  fruit;  st-iials  linear  to  lanceolate,  2-4.6 
mm  lontr  fjlanduiar  puberulent-  petals 
oblanceolate,  6-11  mm  long,  usually  white, 
sometimeB  pinkish;  stamens  6;  ovary  superior, 
cylindrical,  1-eelleiI  Fruit  a  eylindru  al  ciipsule 
3-4  cm  X  3-4  mm,  with  stalk  5-13  mm  long, 
subglabrous,  dehiscing  with  2  valves.  Seeds 
globuliir-icniform.  c,  2  mm  in  diameter  or- 
ange-liiv,\\  ii-black,  with  fine  luntjitudinal  stria- 
lions  and  low  irregular  transverse  ridges. 
Cleome  comprises  160—200  species,  with  the 
majority  in  tropical  Amerira,  whereas  about  50 
are  known  from  tropical  Africa.  It  is  classified 
in  the  subfamily  Chomoideae,  sometimes  con- 
sidered a  separate  family  CImtnaceae.  Cleome 
rutidospenua  is  often  confused  with  Cleome 
iberidella  Welw.  ex  Oliv.,  which  occurs  at 
higher  altitudes  (1000-1600  m)  and  is  also 

occasidnally  used  as  a  cookr-d  vegetable.  Tt  has 
more  clearly  demarcated  racemose  inflorescen- 
ces, its  petals  are  darker  coloured  and  the  en- 
tire plant  is  much  more  pubescent.  Both  spe- 
cies are  also  close  to  a  third  Mrican  species 
with  edible  leaves  occurring  at  higher  altitudes 
(1000-2000  m):  Cleome  eehimperi  Pax.  It  is 
possible  that  these  .3  taxa  ;ir)'  in  fact  1  complex 
species  with  different  ecological  expressions 
because  intermediate  specimens  have  been 

found. 

Ecology  Clmine  nififJnspcrnin  jirows  princi- 
pally at  low  altitudes  in  mderal,  humid,  hot 
conditions.  It  occurs  up  to  400  m  altitude,  in 
areas  with  an  annual  rainfall  of  1700-:'>0nn 
mm.  Occasionally  it  is  found  as  a  w  eed  up  to 
1200  m  altitude.  Flowering  and  fruiting  plants 
can  be  found  throughout  the  year,  although 
most  abundantly  in  the  r  iiin  <c.MS'm. 

Genetic  resources  aud  breeding  Cleome 
rutidosperma  is  widespread  and  is  not  in  dan- 
ger of  tjcnetir  erosion. 

Prospects  Cleome  mtidosperma  will  remain 
a  vegetable  of  local  importance  only.  Its  nutri- 
tional and  medicinal  properties  need  more  re- 
search, as  does  the  taxonomy  of  the  complex  of 
which  it  is  part. 

Mi^or  references  Burkill,  H.M.,  1986; 
Buridll,  H.M.,  2000;  Elfifers,  J.,  Graham,  R.A. 


&  Dewolf  (I. P.,  19G1;  Katende,  A.B.,  Ssegawa, 
P.  &  Bimie,  A.,  1999;  van  der  Zon,  A.P.M.  & 
Grubben,  G.J.H..  1976. 

Other  references  Busson.  F.,  1965; 
Hauman,  L.  &  VVilczek,  R.,  1951;  Kers,  L.E., 
1986;  Kers,  L.E.,  2000;  Leung,  W.-T.W.,  Bus- 
son,  F.  &  Jardin.  C.  1968.  Wild,  H.  &  Con- 
calves,  M.L.,  1973;  Wild,  11.,  1960. 
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Cleome  viscosa  L. 

Prot^logue  Sp  pi  2:  672  (175.3). 
Family  Capparaoeae  (APG:  firassicaceae) 
Cliromosome  number  2»  =  20 

Synonyms  Cleome  icusaiidnt  L,  (1753). 

Vernacular  names  Tickweed.  \\  ild  mustard, 
spiderplanl  (iin).  Cleome  visqueuse,  cleome 
gluante  (Fr).  Nfusambe  (Po).  Mgagani  (Sw). 

Origin  and  geographic  distribution  Clroiiw 
viacosa  occurs  in  northern  tropical  Africa,  from 
Cape  Verde  and  Senegal  to  Egypt,  Ethiopia 
and  Zanzibar;  it  is  absent  in  southern  Africa, 
but  present  in  Madagascar  and  other  Indiiui 
Ocean  islands.  Outside  Alrica  it  is  widespread 
in  peninsular  Arabia,  tropical  Asia,  Australia 
and  tropical  and  subtropic  al  .\merica. 

Uses  In  tropical  Africa  and  elsewhere,  Cle- 
ome viseosa  is  oorasionally  used  as  a  leaf  vege- 
table. Th(  liiMi  r  1.  aves  are  locally  popular  and 
e.iirn  IV(  ill  led  or  cooked.  The  pickled  yoimji 
fruit b  are  also  eaten.  In  India  the  seeds,  which 
have  a  pleasant  flavour,  are  used  as  a  condi- 
ment substitute  for  mustard  seed  and  cumin  in 
the  preparation  of  picklmg  spices,  sausages, 
vegetables,  curries  and  pulses. 
Cleome  vucoaa  is  not  ij:r;r/ed  by  cattle.  In  areas 
where  it  occurs  in  alnindance  it  can  be  used  as 
a  cover  plant  and  as  a  green  manure  (e.g.  in 
Ghana).  In  Africa  and  Asia  the  leaves  and 
seeds  are  used  as  a  rubefacient  and  vesicant, 
and  to  treat  infections,  fever,  rheumatism  and 
headache.  The  whole  herb  is  rubbed  on  the 
body  against  rheumatism.  Bruised  leaves  are 
considered  counter-irritant  when  applied  ex- 
ternally to  treat  herpes  infections.  Leaf  juice 
mixed  with  butter  is  used  in  the  treatment  of 
inflammation  of  the  middle  ear  and  applied  on 
wounds  and  ulcers.  A  decoction  is  used  as  an 
expectorant  and  digestive  stimulant  (e.g.  to 
cure  coUe  and  dysentery)  and  tln'  \  ;i[Miur  from 
a  stenminp  depiction  of  the  whole  plant  is  in- 
haled to  treat  headache.  The  seeds  are  carmi- 
native but  excessive  use  results  in  flatul^oe 
and  dist^sion  of  the  stomadi.  A  decocti(m  of 
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the  seeds  is  used  to  treat  rheumatism,  gonor- 
rhoea, diarrhoea  and  dysenterj',  and  as  a  wash 
to  treat  piles,  The  seed  and  ito  oil  have 
anthehiiinthic  properties  l>ut  they  Jtre  ineffec- 
tive in  treatmg  roundworm  mfections.  The 
roots  are  a  remedy  for  scurvy  and  rheumatism. 

Propezties  Ficsli  leiucs  of  Cleome  viscosa 
contain  per  100  g;  water  80.4  g,  protein  5.6  g, 
Ca  880  mg,  P  73  mg,  Fe  24  mg,  ascorbic  acid 
204  mg  (CSIR,  1950).  The  seed  oil  (yiehl  18- 
■37%)  ccintnins  linoloir  nrid  up  to  70%,  oleic  ,Tcid 
14%,  pahnitic  acid  10%,  stearic  acid  5%  as  well 
as  some  volatile  components.  Rcrts  fed  on  the 
oil  did  tint  show  tibnormal  growth  or  reproduc- 
tive performance  or  altered  hver  lipid  levels, 
and  it  is  therefore  suggested  that  the  oil  might 
be  used  safely  by  humans.  .\  s.  in  s  of  couniiir- 
ino-lignans  (cleomiscosins)  have  been  isolated 
from  the  seeds.  These  exhibited  anti- 
hepatotoxic  properties  in  tests  with  rats.  An 

aqueous  secil  r\l  ract  displnyed  si<jnirn-;int  an- 
algesic activity  in  mice  and  local  anaesthetic 
activity  in  guinea  pigs.  The  aerial  parts  showed 
antibacterial  activity  and  completely  inhibited 
the  growth  of  Acronioittis  liydrvphylla  and  B<i- 
eUlus  cereus.  The  extracts  contain  saponins, 
but  alkaloids  and  tannins  are  absent.  In  tests 
with  rats  <he  antii>yrotic  antl  ;int i-fh.irrhocal 
activities  of  the  extracts  have  been  confirmed. 
Cleome  viseoea  seed  and  shoot  extracts  have  an 
allelopathic  effect  on  seed  germination  and 
growth  of  i>earl  millet  (P&uUaetum  glaucum 
(L.)  K.Br.). 

Botany  Annual,  erect,  branched  herb  up  to  1 

m  tall,  with  yellowish  glandular  hairs,  visdd, 
with  a  strong  smell  when  bruised;  stem  angu- 
lar-striate,  sometimes  becoming  woody  at  base. 
Leaves  allernale,  digitately  compound  with  li— 
5  lonnpts:  petiole  up  to  G  cm  long:  leaflets 
obovate-lanceolate,  1-5.5  cm  x  0.5-2  cm, 
gradually  becoming  smaller  in  higher  leaves. 
Inflorescence  a  leafy  racenv  iiii  (o  10  cm  long 
in  &uit;  bracts  leaf-like,  3-ibholate.  Flowers 
bisexual,  4-merous;  pedicel  up  to  2  cm  long  in 
fruit;  sepals  lanceolate-oblung.  3-7  mm  x  2 
mm-  p«'tals  ohiung-obovatc.  1-12  mm  x  2-3 
mm,  glabrous,  yellow;  stamens  usually  10—20, 
filaments  c.  7  mm  long;  ovaiy  superior,  cylin- 
dric.nl  .sessile.  1 -colled  style  fihform  .^hort 
stigma  large,  head-like.  Fruit  a  cylindrical, 
erect  capsule  1.5—10  cm  x  4  mm,  glandular 
hain,'.  dehiscing  with  2  valves  up  to  the  middle. 
Seeds  circulnr-reniform  in  outline,  up  to 
mm  in  diameter,  with  strong  transverse  ribs 
and  fine  longitudinal  concentric  ribs,  red- 
brewn,  fragrant. 


Cleome  viaeoaa  -  1,  flowering  and  fruiting 

branch:  2,  Poii^;  3,  fniii;  4,  detail  ofdehieeuig 
fruLl;  6,  seed. 
Source:  PROSEA 

Clenwe  comprises  l,'iO-2()0  species  with  the 
majority  m  tropical  America,  whereas  about  50 
are  known  firom  tropical  Afirica.  It  is  dassified 
in  the  subfamily  Cleonioidcuc  si mK  times  con- 
sidered a  separate  family  Cleumaceae.  Cleome 
viaeoaa  is  easy  to  identify  with  its  small  yellow 
flowers,  its  fruits  only  opening  up  to  halfway 
and  its  sticky  indumentum 
The  seeds  have  no  dormancy  and  germmate 
readily  after  diedding.  Planto  start  flowering 
:'>- 1  weeks  after  germination  and  the  life  cycle 
is  about  3  months.  The  flowers  are  ephemeral, 
opening  in  the  morning  and  dosing  in  the  af- 
ternitnii 

Ecology  Clcniue  viscosa  occurs  in  woodland 
and  grassland,  and  is  a  weed  of  fallow  land, 
fields,  roadsides  and  wasteland,  often  occurring 
on  sandy  soils,  but  sometimes  on  calcareous 
and  rocky  soils.  It  is  found  both  imder  seasonal 
dry  and  humid  conditions,  from  8ea4evel  up  to 
1000  m  altitude. 

Management  Clpome  viscosa  leaves  are 
collected  from  the  wild  m  .Ai'rica.  in  India  the 
plant  is  rarely  cultivated,  but  is  gaining  in 
popularity  as  a  low-cost  substitute  for  cumin. 


200  VEGETABLES 


Its  cultivation  is  promoted  for  degraded  or 
marginal  agricultural  land  where  it  can  be 
cultivated  with  less  difficulty  than  traditional 
crops.  In  pure  stands  (ri.'.onn  p];uits/ha).  seed 
yields  of  600  kg/ha  have  been  obtained.  The 
crop  is  not  attacked  by  insect  pests  nor  dam- 
aged by  wildlilV-  lieiiuisc  of  it<  sticky  nature 
iind  strong  pungent  odour.  In-vitro  mass 
prupag.-ition  for  medicinal  purposes  has  been 
done  successfully.  In  some  re'gions  i.  United 
States)  Clfninr  l  i.scnsa  is  considt  ii  il  n  noxious 
weed.  It  is  a  host  for  the  papaya  rmgspot  poty- 
virus,  which  also  attacks  mel<m8,  and  for  the 
nematodes  Mdoidogyne  itieofftUa  and  Meloi- 
dagyiie  javaiiica. 

Genetle  reaomroea  and  breeding  Cleome 
viscosa  is  widespread  and  does  not  seem  to  be 
in  danger  of  genetic  erosion 

Prospects  Cleome  lincosu  will  remain  a 
minor  leaf  vegetable  used  in  times  of  food  scar- 
city. Its  gain  in  p(^ularity  as  a  seed  condiment 
in  India  might  be  interesting  for  .MVu  n  as  well. 
Its  nutritional  and  medidnal  ])i-<>|)erties  are 
promising  and  deserve  more  investigation. 

Major  references  Burkill  II  M..  1985; 
CSIR,  19uU;  Kers,  L.E.,  1980;  Maikhuri,  R.K.  et 
al,  2000;  Windadri,  F.I..  2001. 

Other  references  Rerhaul,  J..  1J)74;  Devi 
B.P.,  Boommathan,  R.  &  Mandai,  S.C.,  U002; 
Devi,  B.P.,  Boominathan,  R.  &  Mandai,  S.C., 
2()();{;  Eiffers.  J.,  r.rnham,  R.A.  &  Dewolf  G.P., 
liiiM  lliuij-Moiistapha,  M.,  I9(i.':  Kers,  L.E., 
2000;  rarimaladevi,  B.,  Boommathan,  R.  & 
Mandai,  8.C.,  2003;  Rukmini.  C.  1978;  8axena» 
B.R..  Koli.  M.C  &  Saxena,  RC,  2000;  Singh, 
P.D.A.  &  West,  M.E.,  1991. 

Sources  of  lllttstratlon  Windadri,  F.I., 
2001. 
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CMDOSCX>LUSACONITIFOLni8  (Mill.) 

l.M.Juhnst. 

Protologue  Contrib.  Gray  Herb.  n.s.  68:  86 

(192:^) 

Family  Euphorbiaceae 

Synonyms    j€Uropha    aconiiifoUa  Mill. 

(17(58).  -Jalropha  napaet folia  Hesr.  ex  .A.Jiiss 
(1824),  Caidoscoltia  napaeifoliua  (A.Juss.)  Pohl 
(1827). 

Vernacular  names  Chaya.  tree  spinadi, 
cahbage  star  (En).  Maninr  Ii.'tt;)rd  (Fr). 

Origin  and  geographic  distribution  Cnido- 
aeobia  aeotUUfaUua  possibly  originated  in  the 
Yucatan  r^irai  of  Mexico,  but  is  now  wide- 


spread in  eastern  Mexico  and  ('entral  America. 
It  is  also  cultivated  from  northern  Mexico  to 
Guatemala  and  occasionally  elsewhere,  e.g.  in 
Ghana  and  Nigeria,  where  it  has  been  experi- 
mentally' planted  in  research  stations. 

Uses  Toung  diaya  leaves  and  shoots  are 
cooki'd  and  eaten,  alone  or  in  coniliination  with 
other  vegetables  and  meat  in  stews  and  soups. 
The  leaves  are  only  rarely  eaten  raw  as  firesh 
gre(»ns.  A  poiiular  drmk  in  Yu<-atan  (Mexico)  is 
made  by  bl<>n<iini^  raw  chayn  leaves  in  sugar 
water  with  lemons,  pineapple  and  other  fi-uits 
and  is  said  to  heighten  virility.  Chaya  is  also 
used  as  forage  for  domestic  animals  Medici- 
nally, chaya  has  numerous  characteristics, 
ranging  from  the  ability  to  strengthen  finger- 
nails and  darken  graying  hair.  It  is  also  used  to 
cure  alcoholism,  diabetics,  insomnia,  skin  dis- 
orders, venereal  diseases,  gout,  scorpion  stings 
and  to  improve  brain  function  and  memory. 

Properties  Fresh  chaya  le.ivrs  contain  per 
100  g  edible  portion:  water  72-83  g,  protein  4- 
8  g,  fat  0-2.9  g,  carbohydrate  6-13  g,  fibre  2- 
3.8  g.  Ca  140-500  mg.  P  70-100  mg,  Fe  2-11 
mg.  P-carotene  10-18  mg.  thiamin  0.2  mg.  ribo- 
flavin 0.1-0.4  mg,  niacin  1.6  mg,  ascorbic  acid 
166-318  mg  (Ross-Ibarra  &  Mblina-Cruz, 
2002).  It  also  contains  HCX  27-42  mg  Un- 
cooked chaya  leaves  contain  cyanogenic  gly- 
cosides that  produce  hydrogen  cyanide  upon 
tissue  damage.  The  cooking  time  required  to 
lowci-  lli'X  to  safe  levels  is  about  1.5  minutes. 
Numerous  flavonoid  compounds  have  been 
isolated  from  chaya  and  most  are  kaempferol 
and  <]uercet  in  uI\<  osides  (e.g.  in  the  cultivated 
forms:  j-O-rhamnosylgalactoside-7-O-rhamno- 
side,  3-0-rfaamnos>dgluoo8ide  and  3-O-rham- 
noside).  Most  medicinal  properties  have  never 
been  experimentally  tested.  Diabetic  rabbits, 
fed  mcreasmgly  higher  quantities  of  chaya 
leaves,  diowed  a  significant  drop  in  blood 

sugar  levels.  Chicks  fed  diets  high  in  chny.i  lenf 
meal  had  a  lower  overall  mass  but  a  signiiicant 
increase  in  absolute  heart  mass,  Uver  mass, 
red  blood  c^ll  covaat  and  a  significant  reduction 
in  mortality.  Chaya  is  known  to  contain  prote- 
olytic enzymes  which  could  e.xplain  the  use  of 
diaya  sap  for  skin  disorders. 

Botany  Monoecious  shrub  or  small  tree  up 
to  6  m  tall,  containing  a  white  latex,  with  a 
thick  pale  trunk,  plants  usually  armed  with 
stinging  hairs,  but  cultivated  forms  unarmed. 
Leaves  altpmnte,  simple;  petiole  lO-iW  cm 
long,  glandular  at  apex;  blade  very  variable, 
10-20(-32)  cm  X  up  to  30  cm,  shallowly  or 
deeply  3-7-lobed,  cordate  at  base,  rather  duck 
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and  fleshy  when  fresh,  subglabrous  and  nor- 
mally without  stinging  bristles,  lobes  acute  to 
acuminate.  Inflorescence  a  dichotomous  cyme. 
FlowtTs  unist'xu;)!.  n-irular.  without  petals: 
sepals  5,  up  to  1  cm  long,  petaloid,  white;  male 
flowers  with  10  united  stamms  in  2  whorls; 
female  flowers  with  superior,  3-celled  ovar>'. 
styles  3,  connate  at  base.  Fruit  an  ovoid- 
globose,  hispul  c  apsule.  Seeds  6-8  mm  long, 
raruncuiate. 

Ciiidnscnliis  romprisos  about  .^0  sp(^<  ics  all 
American.  Most  species  bear  long  stiff  needle 
hairs,  stinging  the  flesh  mudi  worse  than  most 
nettles,  the  pain  dftcn  hfin^:  excruciatint,'  and 
persistent  for  hours,  sometmies  accompanied 
by  swelling  and  blistering.  The  gi^us  is  closely 
related  to  Jatropha  and  was  combined  with  it 
in  the  past.  At  present  if  is  considered  nearer 
to  ManUiut.  Ciiidoscolus  aconitifuliua  is  divided 
into  2  subspecies.  Subsp.  polyanthus  (Pax  & 

K.Hoffni.)  Brerkon  is  rostrirted  to  a  small  area 
in  western  Mexico.  Subsp.  aconilifoliua  is  dis- 
tributed from  northern  Mexico  to  Guatemala, 
and  IS  cultivated  up  to  Peru  and  occasionally 
elsewhere.  Forms  without  stingini,'  hairs  used 
as  a  vegetable  are  classified  as  a  cultivar- 
group:  Chayamansa  Group  (i^nonym:  Cnido- 
arolii.t  chnyniiiniisa  McVaugh).  Plants  of  this 
cultivar-group  produce  functionally  sterile 
flowers  (very  rarely  fruits  are  produced)  and 
are  propagated  by  cuttings;  at  least  4  cultivars 
are  known:  ('hayamnnsn'  (leaf  blade  with  .5 
obovate,  stronglj'  overlapping  lobes;  this  is  the 
most  common  cultivar),  'Bstrella'  (leaf  blade 
with  spreading,  not  overlapping,  dentate 
lobes),  Picuda  (leaf  blade  with  6-9,  narrow, 
strongly  dentate  to  pinnatifid  lobes)  and  'Re- 
donda'  (leaf  blade  with  3  entire  to  sl^tly  den- 
tate lobes). 

Ecology  L  nder  natural  conditions  in  Cen- 
tral AmMica  Cnido$eobis  aeonUifolm*  grows  in 

moist  and  drj-  thickets  in  open  forest  often  in 
open  rocky  localities,  from  sea-level  up  to  1300 
m  altitude. 

Afanagemeut  Chaya  is  propagated  li\  stem 
cuttings  about  \'>  cm  Innu'  that  are  dried  1-1  1 
days  before  being  planted,  ll  can  survive  harsh 

conditions  of  his^  temperatures,  deep  shade, 

inundations  or  drouffhts.  It  is  mostly  planted 
as  a  hedge  m  home  gardens.  Although  the 
plant  can  readi  6  m  in  height,  the  stems  are 
easily  broken  by  wind  and  it  is  reconimended 
that  a  height  of  less  than  2  m  be  maintained 
Harvesting  is  best  done  with  protected  hands, 
because  even  in  unarmed  plants,  long-term 
cointact  with  the  white  sap  can  cauae  skin  irri- 


tation. .iXnnual  drj-  leaf  yields  of  up  to  12  t/ha 
are  possible  on  fertile  soil  with  about  9000 
plants/ha.  The  optimum  harvest  period  is  only 
2--^  months  per  year,  but  in  home  gardens 
leaves  are  harvested  when  needed.  Serious 
diseases  and  pests  are  not  known. 

Genetic  resources  and  breeding  C/i/V/o- 
acolua  acouitifoliua  is  widespread  in  Central 
America  and  not  in  danger  of  genetic  erosion. 

Prospects  Chaya  has  potential  as  a  home 

gar<len  crop.  With  its  easy  propagation  its 
tolerance  of  harsh  conditions  and  absence  of 
serious  diseases  or  pests,  it  is  a  promising  spe- 
cies worthwhile  trying  in  many  locations  in 
tropical  Africa. 

Major  references  Kolterman,  D.A, 
Breckon  i : -I  &  Kow  al  H.R.,  1984;  Ross- 
Ibarra.  J.  &  Molina-Cruz.  A.,  2002;  Standley, 
P.C.  &  Steyermark,  J.A.,  1949. 

Other  references  Burkill,  H.M.,  1994;  Na- 
tional .Academy  of  Sdoncos,  1975. 

Authors  P.C.M.  Jansen 


COCCINIA  AOOENSIS  (A.Rich.)  Cogn. 
Protologue  A.DC.,  Nfonogr.  phan.  3:  538 

I  1  SSI  I 

Family  Cucuibitaoeae 

Chromosome  number  n  »  12 

Vernacular  names  Wild  spinach  (Rn). 

Origin  and  geographic  distribution  Coc- 
cinia  uJuenais  is  distributed  from  Ghana  east- 
ward up  to  Elthiopia  and  southwards  to  South 
Africa. 

Uses  The  boded  leaves  of  Cuccinia  adoeiiaia 
are  eaten  in  Sudan,  Ethiopia,  Kenya  and  Ma- 
lawi. In  Malawi  the  leaves  are  mixed  with 
other  g?-een  vegetables  (Didtvis  pilnsn  L.  and 
pumpkin  leaves),  tomatoes  and  groundnuts. 
The  fruits  are  eaten  in  Tanzania,  Malawi  and 
Zambia.  Availability  of  leaves  and  fruits  is 
seasonal  in  Malawi,  from  An  gust -December 
and  Decembei>-Januaiy  respectively.  In  Sudan 
and  Malawi  the  roots  are  eaten  but  they  are 
considered  a  ramin*-  looii  m  the  latter  country. 
They  are  poisonous  unless  well  cooked.  In 
Kenya  the  leaves  are  crushed,  mixed  with  wa- 
ter and  drunk  as  n  cure  for  puff-adder  bites.  .\ 
root  decoction  with  leaf  sap  is  used  as  a 
mouthwash  to  treat  tooth  abscesses  in  Tanza- 
nia. 

Properties  No  data  are  known  on  ihc  loaf 
composition,  but  this  is  likely  comparable  to 
other  medium  green  leaf  vegetables.  The  roots 
contain  per  100  g:  water  81  g,  enei^  289  kJ 
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(68  kcal),  protein  1  g,  fnt  0.1  g,  rnrbohydratc  16 
g,  fibre  1  g,  Ca  44  mg,  Mg  30  mg,  P  39  mg,  Pe 
0.4  mg,  thiamin  0.02  mg,  riboflavin  0.11  mg, 
niiif'in  0  :i  |  mt;  .inil  ascorbic  acid  81  mg. 
The  Iruiti?  coat  am  per  100  g:  water  92  g,  energy 
112  kJ  (27  kcal),  protein  2  g,  fat  2  g,  carbohy- 
drate ■^  K  Cn  28  mg.  Mg  28  mg  P  4  mg.  Fe  0.6 
mg,  ascorbic  acid  19  mg  (Arnold,  T.ll.,  Wells, 
M.J.  &  Wehmeyer,  A  S.,  1985). 
The  unrii)<'  fruits  conlnin  cucurhitacin  R  and 
traros  of  runirliitai'in  D.  ('u<-urbit;)rins  which 
are  known  from  many  Cuctubitaceae  and  vari- 
ous other  plant  species,  exhibit  qrtotoxicily 
(iiii  ludint,'  antitumour  activity),  and  anti- 
milammatory  and  analgesic  activities. 

Botany  Perennial,  dioecious  dimber  or 
traiU'i  -ii  iL^'ose  pubescent  on  all  parts,  with 
simpl'  i«  ndiils:  woody  rootf^tock  with  tuhers: 
stem  annual,  perhaps  rarely  perennial,  ribbed. 
Leaves  alternate,  simple;  stipules  absent;  peti- 
ole f)  cm  long;  blndo  vnriablo,  ovato  in  out- 
line, unlobed  to  shortl>'  or  deeply  3-5(-7)-lobed, 

3.5-  13.5  cm  x  2.5-13.5  cm.  Male  flowers  in  up 
to  22-flow  fred,  axillaiy  racemes,  peduncle  up 
to  7.5  cm  long,  with  long-pedicellate  solitary 
ilower  at  base  of  raceme,  receptacle  oboonic, 

3.6— 7  mm  long,  corolla  pale  yellow,  pink  or 
orang(\  with  lobes  1—3  cm  x  0..'i— l.o  cm.  united 
to  above  the  middle;  female  flowers  solitary, 
receptade  1.6-3.6  mm  long,  sepals  1-4.6  mm 
long,  corolla  as  in  male  flowers  but  nan  nwrr 
ovaiy  inferior.  Finait  an  ovoid-ellipsoid  to  ellip- 
soid-cylmdi'ical  berry  3-8  cm  x  1-3  cm,  smooth, 
bright  red  when  mature,  many-seeded.  Seeds 
broadly  ovoid.  G  mm  •  mm  >^  mm, 
Coeciuia  is  placed  m  the  tribe  Benincaseae  and 
comprises  about  30  spedes.  The  genus  is  con- 
fined to  tropical  Afi-ica,  with  the  excerption  of 
Coeciu  ia  gran  His  (  L  )  \'oipt  (ivy  gourd),  which 
extends  throughout  the  paleotropics. 

The  name  Coeeinia  quinqudoba  ^Sond.)  Cogn., 

belontjint:  to  n  species  restricted  to  South  .\f- 
rica,  has  been  occasionally  misapphed  to  what 
appears  to  be  Coeeinia  adoensis. 

Eicolo^  Coeciuia  adoensis  prefers  semi-arid 
conditions  and  is  absent  from  the  wetter  areas 
of  eastern  Africa.  It  occurs  in  woodland, 
wooded  grassland,  grassland  and  gallery  forest 
up  to  2200  m  altitude 

Management  Leaves,  iruits  and  roots  of 
Coeeinia  adomaia  are  exclusively  collected 
from  wild  plants. 

Genetic  resources  and  breeding  Cnrciuia 
adoensis  is  fairly  widespread  and  common 
throughout  its  range  and  therefore  not  likely  to 
be  threatened  in  the  near  future.  Little  is 


known  of  the  genetic  variation  within  the  spe- 
cies. A  single  accession  in  a  genebank  in  the 
United  States  is  documented. 

Prospect*  Coeeinia  adoensis  will  remain 
one  of  the  traditional  vegetables  for  people 
depending  on  food  collection  from  the  wild. 
Transfer  of  Irenes  from  Coeeinia  adoensis  to  the 
economically  more  important  Cocciiiia  gmtidia 
for  breeding  is  possible. 

Bll^jor  references  Arnold,  T.H.  Wells,  M.J. 
&  Wehmeyer,  A.S.,  19H.n;  Burkill,  11. M..  I<i8.5; 
Jefl'i-ey,  C,  1978;  Jeffrey,  C,  1995;  Williamson, 
J.,  1955;  Zemede  Asfow  &  Mesfin  Tadesse, 
2001. 

Oflker  references  Jeffiey,  C,  1995;  Kerau- 
dren-Aymonin,  M.,  1975;  Meeuse,  A.D.J.,  1962; 
KulTo.  CM..  Bimie,  A.  &  Tengiuis  B.,  2002; 
Watt  J..M  &  Breyer-Brandwijk,  M.G.,  1962. 

Authors  C.ll.  BuHch 


COCCINIAGRANDIS  (L.)  Voigt 

Protologne   Hort.   suburb.    Calcutt.:  59 

(1845) 

Family  Cucurbit aceae 
Chromosome  number  2n  =  24 

Vernacular  names  Ivy  gourd,  scarlet- 
fruited  gourd,  tinduri  (En).  Tmdola,  courge 
6carlate  (Fr).  Ruho  (Sw). 

Origin  and  geographic  distribution  Coc- 
einld  Qrandis  occurs  wild  from  Senegal  east  to 
Somalia  and  south  to  Tanzania;  also  in  Saudi 
Arabia,  Yemen  and  India.  It  is  locally  natural- 
ized in  Mezambique  and  Mauritius  and  has 
been  mtroduced  in  many  other  tropical  and 
subtropical  regions;  it  is  considered  an  inva- 
sive, obnoxious  weed  in  Australia,  Florida  and 


Coeeinia  grandia  -  wiid 
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the  Pacific  Islands,  e.g.  Hawaii.  It  is  cultivated 
in  Asia  from  India  to  Indonesia.  In  East  Africa, 
especially  in  Kenya,  it  is  cultivated  mainly  for 
consumers  oflndian  origin 

Uses  Ripe  red  fruit  of  sweet -lasting  cultivars 
are  eaten  raw,  or  they  are  peeled  and  cut  into 
pieces  and  prepared  as  a  stew  with  onions  and 
tomatoes.  Other  vegetables  may  be  added  such 
as  garden  egg,  bottle  gourd,  ridge  gourd,  okra 
and  pulses.  Meat  is  added  when  available.  The 
Hisih  may  ho  sor\''ed  with  bread  sorphum  or  any 
other  starchy  food.  The  dish  is  known  m  East 
Afiica  as  'tindori'.  Immature  green  firuita  are 
prepared  in  soups  and  euri  i<  s  and  \viili>ly  used 
in  this  way  m  Ethiopia  and  India.  Cultivars 
widi  bitter  fruits  are  mainly  used  tar  €keir 
leaves  and  shoots.  Such  shoots  are  especially 
popular  in  Thailand  where  they  are  eaten  as  a 
fried  or  boiled  vegetable.  The  leaves  are  also 
eaten  as  a  vegetable  by  the  Mursi  people  in 

Ethiopia  Thr  srorls  are  chowrH  in  Ethiopia 
and  Kenya,  but  they  are  discarded  in  West 
Africa  and  Uganda. 

The  fruits,  stems  and  leaves  have  medicinal 

uses  such  as  to  reduce  high  bldud  pressure  and 
to  treat  abscesses.  Roots  are  believed  to  heal 
illnesses  associated  with  endocrine  system 

(li-^nr dcrs  such  as  diabdc-s  mcllitiis  and  are 
used  in  Niger  to  treat  intestinal  troubles. 
Bronchial  inflammation,  respiratory  mucosae 
and  skin  disorders  are  also  said  to  be  healed  by 
this  plant.  In  snmo  cnmmimitirs  in  India  i\y 
gourd  is  cultivated  as  a  medicinal  pUmt.  Uoats, 
sheep,  cattle,  donkeys  and  camels  eat  the 

Iilaiii 

Prodiictiou  and  international  trade  In 
Kenya  ivy  gourd  is  produced  for  the  Asian 
community  And  also  for  export.  The  main  pro- 
duction areas  are  IJkanibani  and  Makujnj. 
There  is  a  regular  export  from  Kenya  to  Lon- 
don, but  no  data  on  volume  are  available.  In 
most  nfhcr  countries  in  Africa  ivy  ii"urd  fruits 
and  leaves  are  mauily  collectefl  from  the  wild 
or  occasi(mally  grown  in  home  gardens,  e.g. 
near  Kabale  m  Uganda. 

Properties  Per  100  g  edible  portion,  the 
fruits  contain:  water  93.5  g,  energy  75  kJ  (18 
kcal),  protein  1.2  g,  fat  0.1  g,  carbohydrate  3.1 

p   ni.n-  i  n  <:  ('a  10  mc  P  :!0  mp  Fc  1.1  mp 
thiamm  U.U7  mg,  riboflavin  U.U8  mg,  niacin  0.7 
mg,  ascorbic  add  1.4  mg  (Rubatzky.  V.E.  & 
Yamaguchi,  M..  1997).  Accural >  <lat;i  on  the 
composition  of  the  leaves  are  not  available. 

Description  Dioecious  pei-ennial  herb  up  to 
20(-30)  m  long,  trailing  or  climbing  with  sim- 
ple tendrils,  with  tuberous  rootstock;  stem 


Coccinia  gmadia  -  flowering  and  fmitmg 
shoot. 

Source:  PROSEA 

green  and  longitudinally  ribbed  when  young, 
becoming  white-spotted  when  older  and  even- 
tually woody.  Leaves  alternate,  simple:  slij)ules 
absent;  petiole  1—5  cm  long;  blade  broadly 
ovate  to  pentagonal  or  orbicular  in  outline,  3- 
12  cm  X  cm,  shallowly  to  deeply  pal- 

mately  3— ."i-loliril  cordnlr  at  base  margin  en- 
tire or  sinuate  and  often  with  distmct  reddish 
glandular  teeth,  glabrous,  punctate.  Flowers 
axillary,  vmisexnal  ."-meruus.  with  tubular 
receptacle  3-7  mm  long,  sepals  linear,  up  to  6 
mm  long,  corolla  campanulate,  with  lobes  up  to 
2  cm  X  l.o  cm,  yellow -orange;  male  flowers 
solitan-  or  paired,  rarely  3 — I  in  a  short  raceme 
pedicel  1-7  cm  long,  stamens  3,  united  into  a 
column;  female  flowers  solitary,  pedicel  up  to 
2.^  cm  long,  ovarj-  inferior  cylindrical,  up  to 
1,5  cm  long,  1-oelled.  style  3  mm  long,  stigma 
3-lobed.  Pruit  an  ellipsoid  or  rarely  spherical 
beny  3-7  cm  x  1-3.5  cm,  fleshy,  green  with 
white  stripes  when  young,  turning  red  nt  mn- 
lurily,  many-seeded.  Seeds  asymmetrically 
pear-«liaped  in  outline,  compressed,  c.  6  mm  x 

mm  margin  rather  (hick  .and  prooved. 

Other  botanical  information  Coccinia  is 
placed  in  the  tribe  BminetuecK  and  comprises 
about  30  species,  all  of  them  confined  to  tropi- 
cal Africa  with  the  exception  of  Coccinia  gran- 
dia. 

Anchote  (Coccinia  abyssiniea  (Lam.)  Cogn.)  is 
cultivated  mainly  for  its  tuberous  fleshy  root- 
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stock  in  Ethiopia,  but  its  young  shoots  are 
eaten  as  a  cooked  vegetable.  In  Malawi  chil- 
dren may  ent  the  fiuits  of  Coecmia  nhnumnU 
r'ngn  ,  alth()us,'h  they  are  said  to  cmusc  sorf 
eyes;  the  starchy  tuber  is  eaten  after  roast  mg. 
The  leaves  of  Coecmia  trilobtita  (Cogn.) 
CJeffn-y  are  a  ftimitif  indd.  occasionally  used 
as  a  relish  by  some  tribes  m  Kenya,  e.g.  m  the 
Mbeere  district.  The  fruits  are  said  to  be  toxic. 

Growth  and  development  Cutting.s  start 
HovolopiriB  now  lonvos  and  shoots  nftor  about 
one  month.  Suckers  develop  after  another 
month,  and  flowering  and  fruiting  start  again 
one  month  later,  Ivy  t,'oui(l  |)lants  flower  pro- 
fusely and  produce  many  fruits.  Flowers  only 
develop  on  the  brandies  and  not  on  the  main 
stem.  Young  fruits  can  already  be  harvested 
about  one  week  after  flowering.  The  period 
from  planting  tu  the  first  harvest  takes  up  to  u 
months.  Harvesting  is  best  done  weekly  as  long 

as  there  is  enough  moisture  to  produce  new 
leaves  and  flowers.  The  crop  could  remain  in 
the  field  for  up  to  10  years,  after  which  the 
yields  decline  and  farmers  need  to  estabUsh  a 
new  crop.  However,  replanting  after  4  years 
may  be  mure  economical.  In  the  wild,  plants 
can  become  20  years  or  older  and  the  st^s 
may  bemme  30  m  long  with  a  diameter  of  up  to 
7  cm  at  the  base.  Stems  become  corky  with  age 
and  both  the  rootstock  and  stems  act  as  water 
reservoirs  that  enable  the  plant  to  survive  the 

dn  season. 

Ecology  Ivj'  gourd  occurs  naturally  in  semi- 
arid  areas,  in  dry  forest  or  wooded  grassland, 

often  in  cn.astal  regions  but  m  Tganda  it  can 
be  found  up  to  2000  m  altitude  and  m  Ethiopia 
up  to  2360  m.  It  also  occurs  in  seooudar>  \  i  ge- 
tation  in  highland  areas.  It  grows  in  a  varied 
of  soil  tj'pos  most  frei^urn'b;  on  snndy  soils. 

Propagation  and  planting  Ivy  gourd  is 
propagated  by  means  of  stem  cuttings  10-16 
cm  InnR  and  about  O.fi  cm  in  diamolcr.  Farmers 
prepare  plantmg  holes  of  .30  cm  deep  and  60  cm 
in  diameter.  Up  to  20  kg  farmyard  manure  is 
added  ami  inix<  d  with  soil  and  water.  The  cut- 
tings are  l  iai  .  >l  iipriyht  or  at  a  slight  angle  to 
promote  the  development  of  side  shouts.  When 
planting  is  done  during  a  dry  spell,  farmers 
should  apply  onc.uu'H  water  and  eontinue  wa- 
tering regularl>'.  Plant  spacing  is  approxi- 
mately 1  m  between  plant  holes  and  1.^1.6  m 
between  rows.  This  wide  spacing  is  needed  for 
the  lonp  stems,  which  can  reneh  a  length  of  10 
m  or  more  and  require  trellising.  In  home  gar- 
dens they  may  be  trained  over  fences  or  roo&. 
The  wide  pacing  provides  eaqr  access  for 


weedmg.  pest  control  and  harvesting. 
Propagation  b\-  seed  is  little  practised  because 
of  the  dioecious  nature  of  ivy  gourd  giving  50% 
non-proiluctive  male  jjlants,  A  rati"  of  1  male 
to  10  female  plants  is  considered  adequate  for 
pollination. 

Management  Ivy  gourd  may  be  inter- 
cropped with  maize  or  other  short-duration 
crops  during  its  early  stages.  When  the  cut* 
tings  start  growing,  irrigation  should  take 
place  nnre  every  2  days  until  plants  become 
stronger  and  irrigation  twice  weekly  becomes 
adequate.  The  long  stems  are  trained  along  a 
system  of  vertical  and  h<nnzontal  wires  at- 
tached to  wooden  poles. 

The  first  side-dressing  is  applied  about  4i-6 
weeks  after  planting  u  Ik  a  the  first  new  leaves 
and  shoots  start  to  develop,  For  everj'  plant 
farmers  need  to  apply  up  to  500  g  of  a  N- 
fertilizer,  e.g.  calcium  nitrate.  Once  the  first 

fi-uits  bavi-  been  han'osted.  plants  require  id- 
ditional  fertilization,  e.g.  with  di-ammonium 
phi  isi^hnte.  whidi  needs  to  be  applied  monthly. 
W I  (  dmu  done  either  with  a  machete  or  by 
hand  as  hoeing  might  damage  the  roots.  In  an 
established  crop  irrigation  is  required  from  the 
onset  of  the  dry  season  to  prolong  the  harvest- 
ing season;  htnvever,  some  farmers  prefer  io 
give  the  plants  a  rest  period  and  wait  fur  the 
new  rains  to  come.  The  leaves  will  dry  out  dur- 
ing the  dry  season  and  need  to  be  removed  to 
make  room  for  new  shoots  Tliis  is  often  done 
by  beating  the  plant,  lorcmg  the  leaves  to  drop. 
Regular  pruning  is  required  to  stimulate  new 
growth.  Older  branches  drj'  out  and  become 
corky  and  will  no  longer  produce  leaves  and 
flowers.  During  the  dn  .seascm  when  the  soil 
becomes  hot,  a  mulch  application  is  recom- 
mondrd  to  avoid  scorching. 
In  countries  where  ivy  gourd  has  been  intro- 
duced and  where  no  natural  predators  exist,  it 

ran  become  a  serious  weed.  It  grows  fast, 
quickly  covering  the  ground  and  smothering 
shrubs  and  trees  in  a  dense  blanket.  Control  is 
laborious;  uprooting  the  whole  plant  is  difficult 
because  remaining  pieces  of  the  rootstock  will 
regenerate  again.  This  is  why  landowners  in 
Australia  with  this  plant  on  their  property  are 

obliged  by  law  to  destroy  it. 

Diseases  and  pests  Ivy  gourd  is  host  to  a 
range  of  diseases  including  powdery  mildew 
(^haeiolheca  fiiUffitiea,  ^ryaiphe  ci'vhoracea- 
nitn).  Seed-bomc  anthracnose  (Colletotrirhuin 
lagenarium)  may  cause  heavy  losses  of  fruit 
especially  in  storage;  it  can  be  controlled  by 
spraying  with  oqpper  o^cfaloride.  Other  dis- 
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cases  include  black  rot  {Curvularia  pallescens) 
and  -stem  rot  (Rhhocfotii'a  solani).  Viral  dis- 
eases, such  as  wjiicrmeliin  mosaic  virus 
(WMV).  mnv  iift"('<-t  the  pljint  The  symptoms 
include  mottling,  green  blisters,  curled  leaf 
margins  and  distortion  of  firuit. 
A  major  pest  in  cultivated  crops  in  Kenya  is 
caused  by  coreid  bugs  that  feed  on  new  E&oots 
and  young  fruits.  When  sucking  fruits,  they 
cause  distortion  of  fruils  or  firuit  shedding, 
whereas  n  heavy  infestation  can  cause  <hehark 
of  the  shoots.  The  pumpkin  catei-pUlar 
(Diaphania  indiea)  can  be  a  serious  pest  on  ivy 
gourd  Aphids  {Myziis  ii<>r.-iii  <i<'  Aphis  ffisaypii) 
feed  on  the  flowers  and  aO'ect  the  development 
of  new  fruit.  Fruit  flies  can  also  be  a  serious 
pest.  Pesticides  should  only  be  apiiHed  viben 
needed  beeausc  they  miKht  also  kill  beneficial 
insects.  Other  pests  found  in  Kenya  are  a  wee- 
vil (Aej^fu^mis  eoceinuK)  and  clearwing  moth 
(Mplillia  nedipii.t)  of  which  the  larx'ae  are  stem 
borers  that  cause  the  stems  to  collapse.  These 
two  natural  enemies  are  now  used  as  biological 
ocmtrol  in  areas  where  ivy  gourd  is  a  noxious 
weed 

Harvesting  Farmers  harvest  twice  weekly. 
Tidd  Individual  plant  yields  are  in  the  order 

of  7— H)  kj;  of  immature  fritils  per  year;  per  ha 
10-13  t/year  may  be  harvested.  Peak  produc- 
tion is  between  the  second  and  fourth  year, 
after  which  thr^  iiroduetion  declines  unless  the 
crop  is  repularly  fertilized,  irrigatod  and 
pruned.  There  are  no  data  on  yields  of  leaves. 

Handling  after  harvest  The  friuts  are 
sjiread  out  durin}^  the  evening  in  a  single  er 
double  layer  on  top  of  clean  sacks.  When  they 
are  covered  or  kept  inside  a  sack,  they  tend  to 
turn  yellow  outside  and  pink  to  reddish  inside. 
Only  fresh  preen  fruits  which  are  whitish  to 
pale  green  inside  can  be  sold.  Traders  use  cold 
rooms  to  keep  them  fi«8h.  When  stored  in  a 
refrigerator  the  fruits  Inst  for  up  to  two  weeks. 
Prior  to  taking  the  fruits  to  the  maricet,  they 
are  placed  in  cartons,  eadi  containing  about 
7.6  kg.  These  cartons  are  also  used  for  export- 
ing the  fruit 

Genetic  resources  Coccinia  graiidis  is  only 
sparsely  represented  in  the  germplasm  collec- 
tions of  some  Indian  research  institutes  Si  ler- 
tion  work  in  India  has  resulted  in  several  at- 
tractive sweet^^stii^  cultivars.  There  are  no 
institutes  in  .\frica  where  germplasm  is  being 
maintained.  However,  a  wide  diversity  exists 
in  the  wild  throughout  its  natural  range. 

Breeding  Breeders  may  look  for  compact 
plants  with  abort  intemodes.  Parthenocarpy 


whereby  female  flowers  develop  into  a  fruit 
without  pollination  occurs.  It  appears  that  the 
cultivated  crop  in  East  Africa  is  parthenocar- 
pic.  whereas  in  ICnst  Asia  male  plants  are 
needed  for  fi'Uit  set. 

Prospects  The  demand  for  ivy  gourd  from 
local  people  is  limited  ;md  could  be  met  from 
wild  populations,  whereas  production  for  the 
Asian  community  is  likely  to  remain  at  the 
current  low  levcd.  .More  research  is  needed  to 
assess  the  potential  of  i\y  gourd  as  a  rullivated 
vegetable  for  African  consumers  or  as  a  me- 
dicinal plant. 

Major  references  Bates,  D.M.,  Robinson, 
R.W.  &  Jeffrey,  C,  1990;  Boonkerd,  T..  Na 
Songkhia,  B.  &  Thephuttee,  W.,  1993a;  Burkill, 
H.M.,  1985:  Jeffrey,  C„  1967:  Katende.  A.B., 
Ssegawa,  P.  &  Birnie  A..  19y;i:  Maundu.  P.M.. 
Xgugi,  G.W.  &  Kabuye,  C.Il.S.,  1999;  Peter, 
K.V.  et  al.,  1998;  Sdiippers.  R.R.,  2002a; 
SEP.\S  M.  L'l  iri:',,. 

Other  references  Adam,  r]A}.,  Echard,  N.  & 
Lescot,  M.,  1972;  Jeffrey,  C,  1980;  Maggs, 
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Coccinia  SESSiUFOUA  (Sond.)  Cogn. 

Protologue  A.DC.  Monogr.  phan.  3:  534 
(1881). 

Family  (^uriirbit aceae 

Chromosome  number  2it  —  24 

Synonyms  C  tphoiandra  aeaaiiifoUa  Sond. 
(l«t)2). 

Vernacular  names  Wild  cucumber,  red 

gherkm  (En). 
Origia  and  geogmphic  distribntkm  Coc- 

ciiiia  .ir.tsiftfnfin  occuTS  in  Botswana,  Namibia 
and  South  Africa. 
Uses  The  fruit  of  Coccinia  aeanUfolia  is 

eaten  both  raw  as  well  as  boiled.  The  ripe  fruit 
tastes  sweetish  but  insipid.  The  unripe  hoded 
fruit  IS  similar  to  asparagus  in  Icxlure  and 
flavour.  The  root  weighs  up  to  26  kg  and  is 
eaten  raw,  boiled  or  roasted  It  is  tasteless  and 
fibrous.  Several  authors  claim  that  the  roots 
are  toxic  but  at  least  in  the  Kalahari  desert 
there  are  non-toxic  plants. 

Properties  The  fruits  contain  per  100  g: 
water  82.3  g,  energy  256  kJ  (61  kcal),  protein 
2.1  g,  fot  0.2  g,  carbohydrate  13  g.  fibre  1.3  g, 
Ca  38  mg,  Mg  2  mg.  P  24  mg,  Fe  0.2  mg.  thia- 
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min  0.19  mg,  riboflavin  0.13  mg,  asooibic  acid 

25  mg. 

The  loots  contain  per  100  g:  water  84  g,  energy 
197  k-l  (  17  kcal).  protein  1.0  g.  fat  0.1  g.  cnHx)- 
hydi-ate  11  g,  fibre  2.7  g,  Ca  351  mg,  Mg  60  mg, 
P  40  mg,  Fe  2.2  mg,  thiamin  0.02  mg,  ribofla- 
vin 0.01  mg.  niticin  0.28  mg  iiscniMc  m  id  6.7 
mg  (Arnold,  T.II.,  Wells,  M.J.  &  VVehmeyer. 
A.S.,  1985).  Nutritionally  the  roots  compare 
favourably  with  carrot,  potato  and  tlimip. 

Botany  Dioerinus,  prostrnto  or  smnHent 
herb  with  deep  perennial,  fleshy  root  and  an- 
nual stems;  tendrils  simple.  Leaves  alternate, 
simple,  sessile,  amplexicaul:  blade  ovate,  3-9 
cm  X  4-13  cm,  deeply  palmately  3-5-lobed, 
cordate  at  base,  lobes  elliptical  to  lanceolate. 
Flowers  5-merous.  i  i>rolla  pale  yellow.  8ome- 
times  tinged  pink,  lobes  2-3  em  ~<  1-1, -'i  em. 
united  lo  above  middle;  male  flowers  solitary  or 
in  small,  pedunculate,  axillary  clusters  or  ra- 
cemes with  sohtnn,'  flnwi  r  nt  bnse.  rrreplnrle 
campanulate,  4-5.5  mm  long,  sepals  up  to  5 
mm  long,  lanceolate,  stamens  3;  female  flowers 
solitary,  pedicel  up  to  1.5  cm  long,  receptacle 
narrowly  campanulate.  3  mm  k)ng  sepals  3— 
4.5  mm  long.  Fruit  an  ellipsoid-iusii'urm  or 
cylindrical  berry  6.6-10.6  cm  X  2-2.6  cm, 
bright  iT'd  when  ripe,  mnny-seeded  Seeds 
asymmetrically  ovoid,  compressed,  6.5-7  mm  x 
3-3.6  mm  x  1.4  mm. 

Coccinia  is  placed  in  the  tribe  Benincaaeae  and 

comprises  abnijt  .30  species.  The  genus  is  con- 
fined to  tropical  .Ulrica,  with  the  exception  of 
Coccinia  gnmdis  (L.)  Voigt  (ivy  gourd),  which 
extends  throughout  the  paleotropics 
The  firuits  of  Cocciiiia  aessilifolia  ripen  iiom 
December  to  February  and  perish  fairly  rap- 
idly 

Ecology  Cacrivia  aessilifoUa  occurs  in  dry 
wooded  grassland. 

MutMigeineiit  Fruits  and  roots  <ji  Coccinia 
sessilifolia  are  exdusively  collected  from  wild 
plants. 

Genetic  reaources  and  breeding  Coccinia 
aeBcilifolia  has  a  limited  distribution  but 

seems  fairly  common  within  its  range  and 
therefore  is  not  likely  to  be  threatened  in  the 
near  future.  Nothing  is  known  about  its  ge- 
net ic  \-ririntion. 

Prospects  in  southern  Africa  Coccmia  sea- 
ailifolia  is  ocmsidered  a  good  candidate  for  do- 
mestication. Tranl»  of  genes  for  breeding  of 
the  economicnily  more  important  species  Coc- 
cinia  grandis  is  possible. 

Mi^or  references  Arnold,  T.H.,  Wells,  M.J. 
&  Wehmeyer,  A.S.,  1985;  JefErey,  C,  1978; 


Stoiy  ,  R.,  1958;  van  Wyk,  B.E.  &  Gericke,  R, 

2000. 

Other  references  Watt,  J.M.  &  Breyer- 

Braii'lwiik  .M  H  nir,2. 
Authors  C.H.  Bosch 


COLOCASIA  ESCULENTA  (L.)  Schott 

Protologae  Schott  &  Endl.,  Melet.  bot.:  18 

(1832) 
Family  Araceae 

Chromoaome  numbar  2n  =  28,  42 
Synonyma  Colocaaia  anti^omm  Schott 
(1832). 

Vfimaenlar  namea  Taro,  dasheen,  eddoe, 
cootqram.  elephant  ear  (En).  Taro.  maden?  (Kr). 
Colcas,  aleolcas.  inhainr-  rJo  Egipto  (Po). 
Mjembe,  mjimbi,  myugwa  (Sw  j. 

Origin  and  geographic  distribution  Coloca- 
sin  r.inifenfn  occurs  wild  in  tropical  .\sin  ex- 
tending as  far  east  as  New  Guinea  and  possibly 
northern  Australia.  A  type  with  long  stolons 
occurring  throughout  this  region  has  be^  pos- 
tubiti'd  lis  the  ancestor  of  cultivated  taro  on  the 
basis  of  ribosome-DNA  analysis.  Taro  is  be- 
lieved to  have  be^  domesticated  in  northern 
India  but  independent  doniesi icntion  in  New 
Gumea  has  also  been  suggested.  Domestication 
is  believed  to  have  taken  place  at  a  ver>-  early 
date,  even  before  the  domestication  of  rice.  It 
was  spread  hy  human  settlers  ensfwnrd  to  Xew 
Gumea  and  the  Pacific  over  2000  years  ago, 
where  it  became  one  of  the  most  important  food 
plants  economically  and  lulturnlly  Distribu- 
tion to  China  and  via  Arabia  to  Egypt  and  East 
Africa  also  occurred  at  least  2000  years  ago. 
From  there  taro  was  taken  by  Arab  people  to 
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West  Africn.  It  was  introduced  into  Europe 
firom  EgjT)t.  From  Spain  it  was  taken  to  the 
New  World  and  new  introductions  may  have 
been  made  into  West  Africa  from  tropical 
America.  Eddoe  tj^jes  (liaving  a  central  corm 
and  many  large  oormels)  may  have  originated 
in  rhiiiji  from  where  they  spread  to  the  Carib- 
bean region,  and  from  there  to  Africa.  Pres- 
ently taro  is  grown  in  many  parts  of  the  tropics 
imd  suhlropics  ;is  a  tuber  crop  :md  leafy  vege- 
table. In  AtVica  the  import niK-c  of  t.iro  as  sta- 
ple food  has  been  eroded  by  tannia  {XaiUlw- 
soma  tagitUfolium  (L.)  Schott)  as  the  latter 
makes  a  better  fufu.  In  Africa  consumers  n in- 
sider taro  as  a  staple  crop  of  lower  value  than 
yam,  sweet  potato  or  cassava.  In  many  regions 
it  IS  ii'il  Lii  iih/ed. 

Uses  Tlie  soft  white-tleshed  eornis  uf  taro  are 
eaten  boiled,  fried  or  roasted  as  a  side  dish  or 
are  used  for  making  fufu.  They  are  popular  as 
they  quickly  satisfy  hunper  even  when  only  a 
small  amount  is  eaten,  in  cultivars  with  a  sin- 
gle large  main  corm  (dasheen  type)  the  product 
is compa r:iu\-  ly  mealy,  whereas  in  eddoe  types 
the  cornu  ls  have  a  more  firm  structure  and 
taste  somewhat  nutty.  The  corm  is  also  sliced 
and  fried  into  taro  chips  and  is  used  in  the 

preparation  of  soiiiis  lieverapes  and  [)n(l(Iinirs, 
It  is  well  tolerated  in  the  diet  of  allergic  dul- 
dren  and  adults  with  fsstro-intestinal  disor- 
(ii  I  S  1 1  is  said  to  redun  lit  ntal  decay  in  chil- 
dren. The  starch  is  used  in  hahy  ffMxIs  and  as 
cereal  substitute.  In  Hawaii  the  conns  are 
processed  into  flour,  used  for  hiscuits  and 
bread:  they  are  also  boiled  and  made  into  a 
paste  that  is  left  to  ferment  to  produce  poi . 
Hie  Chinese  feed  peelings  and  leaves  and 
oorms  from  wild  types  and  inferior  cultivars  to 
pigs. 

Taro  leaves  and  leaf  stalks  are  used  as  a  leafy 
vegetabte  and  potheib  for  soups  and  sauces,  or 

ns  relish.  They  are  especially  popular  in  parts 
of  West  Africa,  north-eastern  India  and  the 
Caribbean  region.  The  leaves  and  leaf  stalks 

ocmtain  an  irritant  substance,  which  causes 
scratchiness  in  the  mouth  and  throat,  hut  cook- 
ing resolves  this.  Leaves  and  leaf  stalks  of  the 

dasher  type  seem  to  be  less  acrid  than  those 

of  the  eddoe  type.  The  st  ninns  that  are  formed 
in  some  types  are  eaten  too. 
Medicinal  uses  of  taro  are  few.  In  Gabon  rasp- 
ings from  the  corm  are  ii|)plied  as  a  poultice  to 
maturate  boils,  anil  to  treat  snakebites  and 
rheumatism.  In  Mauritius  boiled  young  leaves 
are  eaten  to  treat  arterial  hj^ertension  and 
Uver  affections^  whereas  juice  is  applied  exter- 


nally to  treat  eczema.  In  Madagascar  the  corms 
are  used  to  treat  boils  and  ulcers.  In  Gabon  the 
leaves  in  combination  with  leaves  of  Tepkrosia 

sp.  are  rei)ortedly  used  ni  fish  poisnjv  Fibre 
obtained  from  the  leaf  stalk  has  been  used  for 
plaiting. 

Production  and  international  trade  Few 
sources  report  the  productions  of  taro  and  tan- 
nia (Xanthosoma  sagillifoliuin)  separately. 
World  production  of  taro  and  tannia  corms  in 
2002  as  piven  hy  F.\( )  \\  as  !».  I  million  t  from 
1.6  million  ha;  of  this  amount  7  million  t  were 
produced  from  1.4  million  ha  in  Africa.  Nigeria 
i'^  't  million  t)  anil  '^h.iiia  (1  8  million  t)  are  the 
leading  producers,  followed  by  China  (1.6  mil- 
lion t).  An  estimate  of  the  annual  world  pro- 
duction of  taro  corms  indicates  about  5.6  mil- 
lion t.  with  a  little  more  than  half  of  this 
amount  produced  in  Africa,  and  1.6  million  t  in 
Nigeria  and  0.6  million  t  in  Ghana.  Taro  oorms 

and  leaves  although  common  in  loral  m,irl\i  ls 
are  mostly*  grown  for  subsistence  and  home 
consumption.  Large-scale  commercial  produc- 
tion is  not  common.  Local  consumption  forms 
the  greatest  part  of  taro  produced  in  other  con- 
tinents too.  However,  small  amounts  are  im- 
ported in  Europe  and  Australia  for  the  immi- 
grant community  and  also  Trinidad  and  To- 
bago import  some  taro. 

Properties  The  nutritional  composition  of 
taro  corms  per  100  g  edible  portion  (66%  of 
product  as  hiirvested)  is:  water  (58  . '5  g,  energj- 
444  kJ  (106  kcal),  protein  1. 1  g,  fat  0.2  g,  car- 
bohydrate 26.2  g,  dietary  fibre  3.5  g,  Ca  26  mg, 
Mp  ■V-'''  mp  !'  "'S  iiip  Fc  0  8  nip  c.'u-oten(>  :\7  jig. 
thiamm  U.U8  mg,  riboflavm  U.U3  mg,  niacin  0.7 
mg,  ascorbic  acid  13  mg.  Fresh  taro  leaves  cm- 
tain  per  100  g  edibl(>  port  ion  (70%  of  product  as 

harvested):  water  Hn.l  g,  energj"  147  kJ  (.35 
kcal),  protein  4. 1  g,  fat  0.9  g,  carbohydrate  2.6 
g,  dietary  fibre  4.0  g,  Ca  110  mg,  Mg  46  mg,  P 
60  nip  Fc  'J..1  mp  carotene  6980  ^g,  thiamin 
0.2  mg,  riboHaviu  0.15  mg,  niacin  1.5  mg,  folate 
39  |ig,  ascorbic  acid  62  mg  (Holland,  6.,  Unwin, 
I  I)  &  Fuss.  D.H.,  1991). 

The  itchiness  in  the  mouth  and  throat  that  is 
caused  by  the  fresh  uncooked  leaves  and  corm 
is  a  result  of  cells  containing  raphids  (bundles 

of  calcium  oxalate  crj-stals)  that  disappear  with 
cooking.  Taro  contains  enzyme  inhibitors,  par- 
ticularly with  inhibitory  activity  against  tryp- 
sin and  ehymotrjTpsin,  but  these  are  largely 
destroyed  during  cooking.  The  starch  particles 
are  small,  1-6.5  jim  in  diameter.  The  corms  of 
some  cultivars  contain  mucUage  composed  of  1- 
arabinoae  and  d-galad»8e. 
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Adulterations  and  substitutes  Leaves  and 
corms  of  tnro  can  be  replaced  by  leaves  and 
oorms of  t aim ia  (Xanthoaoma  stigUt^lmm). 

Description  Eivtt  perennial  herb  up  to  2  m 
tall,  but  mostly  grown  as  an  annual;  i-oot  sytem 
adventitious,  fibrous  and  shallow;  storage  stem 
(corm)  massive  (up  in  1  kg),  qrlindrical  or 
spherical,  up  to  30  cm  x  15  cm,  marked  by  a 
number  of  rings,  usually  brown,  with  lateral 
buds  giving  ris(>  to  cormfMs.  suckers  or  stolons. 
Loaves  nrranRod  spirally  but  in  a  rosotto,  sim- 
ple, peltate;  petiole  up  to  1  m  long,  with  dis- 
tinct sheath;  blade  cordate,  up  to  85  cm  x  60 
cm.  with  roun<l('<l  lobes  at  base,  entire,  thick, 
glabrous,  with  3  mam  veins.  Intlorescence  a 
spadix  tipped  by  a  sterile  appendage,  aur^ 
round.  I  i  '.  .i  spathe  and  supported  by  a  pe- 
duncle much  shorter  than  [jetiole  Flowers  uni- 
sexual, small,  without  perianth;  male  flowers 
in  upper  part  of  spadix,  with  stamens  entirely 

fused;  female  flowers  nl  base  of  spadix  with 
superior,  1 -celled  ovaty  having  an  almost  ses- 
sile stigma;  male  and  female  flowers  separated 

by  a  band  of  sterile  flowers.  Fruit  a  many- 
seeded  berry,  densely  packed  and  formmg  a 
fruiting  head.  Seeds  ovuid  to  ellipsoid,  less 


CoIocaMn  PscuUmta  1,  plant  habit;  2,  rorni  of 
dasheen  type;  3,  corm  and  conneh  of  eddoe 
type. 
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than  2  mm  long,  with  copious  endosperm- 
Other  botanical  informatioii  Colocasia 
comprises  8  species  from  tropical  Asia,  and  is 
classified  in  the  tribe  Culoca.sifae.  tojjether 
with  e.g.  Alocasia.  There  are  2  cultivar-groups 
of  tare:  Dasheen  Group  with  a  single  large 
corm  producint;  few  small  cormels  usually 
diploid  (2n  =  28);  and  Eddoe  Group  (frequently 
classified  as  var.  aiUiquomm  (Schott) 
F.T.Hubb.  &  Rehder)  producing  many  large 
cormels  which  are  the  main  product,  and  usu- 
ally tnploid  (2;i  =  12).  Most  taro  cultivars  m 
Africa  belong  to  Eddoe  Group. 
Taro  is  sometimes  confused  with  tannia  (AVf/(- 
Ihoaoma  aagUtifolium)  because  of  its  similar 
appearance.  A  ready  distinction  lies  in  the 
jimct  ion  of  the  leaf  stalk  with  the  blade:  in  taro 
the  leaf  IS  peltate,  m  Xaiilliosoiiia  not 

Growth  and  development  Planting  is  dune 
usually  in  the  beginning  of  the  rainy  season. 
After  planting  growth  of  new  roots  and  leaves 
starts  after  2  weeks,  the  growth  of  suckers 
after  2  months.  Growtii  of  the  oorms  also  starts 
after  about  2  months,  in  flooded  taro  after  3-5 
months.  There  is  a  continuous  turno\er  of 
leaves.  After  4-0  months  leaf  area  and  mass 
readi  their  maximum,  thereafter  leaf  stalks 

become  shorter  and  leaf  blades  smaller  and 
fewer.  Must  clones  rarely  flower  and  many  do 
not  flower  at  all.  However,  flowering  can  be 
induced  by  treatment  with  gibberellir  acid. 
Picking  of  the  leaves  may  start  when  the 
plants  have  about  6  leaves  3  months  after 
planting.  Intensive  leaf  harvesting  may  reduce 
corm  size  and  yield,  and  iuniili(>r  of  suckers. 
Corms  are  ready  for  harvestmg  8-10  months 
after  planting  for  rainfed  taro,  and  9-12 
months  for  wetland  taro,  although  the  corms 
reach  their  maximum  w^ght  a  few  months 
later. 

Eioology  Colocasia  does  best  in  tropical  low- 

land  in  areas  where  annual  rainfall  exceeds 
2000  mm.  It  is  well  adapted  to  high  tempera- 
tures and  relative  humidity.  Most  types  re- 
spond well  to  fairly  stable  temperature  regimes 
of  21-ii7T  Taro  is  rather  tolerant  to  shade 
and  for  that  reason  suitable  as  intercrop  under 
coocmut,  cocoa  or  coffee.  Eddoe  types  are  more 
resistant  to  drought  and  low  temperatures 
than  dasheen  types,  and  the  former  are  grown 
successfully  as  £ar  north  as  Korea  and  Japan. 
Taro  can  withstand  highly  reduced  snl  condi- 
tions. It  is  mainly  fouml  in  marshy  areas  and 
on  river  banks  in  savanna  areas.  It  can  be 
grown  under  dryland  and  flooded  conditions, 
eadk  requiring  adapted  cultivars.  Cultivars 
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adapted  to  wot  soil  ronditions  withstand  flood- 
ing without  damage  provided  the  water  is  not 
stagnant.  Flooded  cuHivatioiii  is  nun-v  intensive 
and  requires  greater  attentiim  th;in  <lr\l;uul 
cultivation.  Under  flooded  conditions,  the  wa- 
ter level  should  not  rise  to  a  depth  of  more  tiian 
5-8  cm:  with  this  method  it  takes  longer  to 
mature  in  comparison  to  dryland  taro,  but 
yields  are  higher.  Eddoe  types  prefer  well- 
drained  loamy  soils,  and  dasheen  types  grow 
best  where  the  soil  is  heavy  and  has  high  mois- 
ture-holding capacity.  A  pH  of  5.5-6.5  is  opti- 
mal. Some  cultivars  tolerate  high  soil  salinity. 

Propagatton  and  planting  Taro  is  propa- 
gated vegetatively.  It  is  sometimes  difficult  to 
keep  planting  material  in  a  healthy  condition 
during  the  drj'  season  or  periods  of  drought. 
Essentially  I  types  of  planting  material  are 
used:  side  suckers  growing  from  the  mam 
oorm,  small  unmarketable  oormels  (60—160  g), 

corm  pieres,  and  setts  nr  huli',  i.e.  the  npiral 
1-2  cm  of  the  main  corm  with  15-20  cm  of  the 
leaf  stalks  attached.  In  Ghana  planting  is 
mainly  by  use  of  either  young  sudcers  or  ma- 
ture setts  cut  from  harvested  corms  Planting 
material  must  be  taken  from  healthy  plants. 
Cormels  are  planted  at  a  depth  of  6-7.6  cm. 

Planting  on  ri<lges  facilit.-ilfs  hrirvesting.  For 
upland  cultivation  m  the  Philippines,  furrows 
30  cm  deep  and  80  cm  apart  are  prepared.  In 
flooded  culture  fields  are  ploughed,  puddled 
and  rarefully  levelled.  Planting  is  done  after 
draining  the  field  or  into  2-5  cm  of  standuig 
water.  The  planting  distance  is  60-^0  cm  in 
the  row  and  70-120  rm  between  rows.  For 
breeding  purposes  taro  can  be  propagated  by 
seed. 

Management  In  tropieal  Africa  upland  tnro 
is  often  interrroppefl  with  other  vegi^t rihles.  [n 
Ghana  farmers  normally  intercrop  taro  with 
sugar  cane  and  at  times  with  maize  before 
complete  flooding  of  the  field.  In  Hawaii  taro  is 
grown  continuously  for  several  years  in  flooded 
fields.  After  a  few  years  the  fields  are  dried  and 
planted  with  tomato  rueuinber  or  capsicum 
pepper  before  the  f'li'ld  i<  returned  ;ig;iin  to 
flooded  taro.  In  Soulh-Easl  Asia,  upland  laru  is 
often  grown  on  dykes  of  paddy  fields. 

Taro  requires  good  soil  fertility  and  adequate 
organic  matter.  Flooded  taro  requires  greater 
quantities  of  fertilizer  for  maximum  yields 
than  upland  taro,  Potash  is  particularly  impor- 
tant and  the  crop  also  has  a  relatively  high 
calcium  requirement.  General  recommendation 
for  taro  is  40-80  kg/ha  N,  16-30  kg/ha  P  and 
60-100  kg/ha  K.  Some  fanners  in  Ghana  use 


organic  manure  (mainly  from  poultrj')  result- 
ing in  appreciable  yields.  Since  the  crop  grows 
best  in  conditions  where  water  is  non-limiting, 
water  management  is  a  key  factor.  In  situa- 
tions with  abundant  water  availability,  closer 
spacing  is  advised;  also  when  taro  is  inter- 
cropped it  ran  be  planted  closer.  Weeding  is 
necessary  until  the  canopy  closes;  m  flooded 
cultivation  growth  of  weeds  is  limited,  and  they 
ran  be  easily  Controlled  mec  hanically. 

Diseases  and  pests  Taro  blight  (Phytnph- 
ihora  colocasiae)  is  a  major  wetland  taro  dis- 
ease, causing  purple  to  brown  circular  water- 
soaked  lesions.  It  is  the  most  devastating  taro 
disease,  particularly  in  the  Pacific  region, 
where  it  has  caused  considerable  losses,  e.g.  in 
the  Solomon  Islands,  which  have  resulted  in 
the  crop  being  partially  rephiced  by  sweet  po- 
tato. This  disease  is  partially  controlled  by  use 
of  copper-  or  phosphor-based  fungicides,  but 
spraying  is  tedious  nnd  costly.  Increasing  plant 
spacing  or  intercropping  reduces  losses.  Resis- 
tance has  been  found  in  germplasm  collections. 
Several  species  of  Pyihititn  cause  taro  soft  rot, 
with  wilting  and  chlorosis  of  leaves,  rontrol  is 
possible  by  use  of  healthy  planting  material, 
crop  rotation  and  treating  planting  materials 

with  fungicide.  Sclerotium  rot  caused  by  Scle- 
folium  rolfaii  is  characterized  by  stunting  of 
the  plant,  rotting  of  oorm  and  formation  of 
many  .spherical  sderotia  in  the  <  orm  Control  is 
by  soil  drenching.  In  both  flooded  nnd  upland 
taro,  dark  brown  spots  that  appear  in  older 
leaves  are  caused  by  Cladosporium  eoloeaaieola 
and  PJiyUnsticId  colocasidc.  Dashei'n  mosaic 
virus  and  other  viruses  have  been  reported  but 
are  seldom  serious.  In  the  Pacific  region  the 
alomae  virus  disease  causes  serious  damage. 
Symptoms  start  with  a  feather>-  mosaic  on  the 
leaves  followed  by  cruiklmg  and  formation  of 
outgrowths  on  the  surfiice.  Finally  the  entire 

plant  becomes  stunted  nnd  dies,  .\loniae  dis- 
ease is  caused  by  the  combined  mfestation  by 
the  taro  large  bacilliform  virus  (TLBV)  and  the 
taro  small  bacilliform  virus  fTSBV).  Presence 
of  TLP\'  onl\  results  in  a  milder  form  of  the 
disease  called  bobone'.  The  viruses  are  trans- 
ferred by  a  grasshopper  and  a  mealy  bug,  re- 
spectively, but  not  by  mechnnicnl  contnct.  In 
Hawaii,  two  diseases  of  unknown  causative 
agents  diaracterized  by  small,  hardened  por- 
tions in  the  lower  third  of  thr  i  inn  i  Imn!  mt") 
and  a  soft  nibbeiy  corm  which  is  low  in  starch 
content  and  exudes  water  when  squeezed 
('lohloli')  are  threatening.  Attack  by  root-knot 
nematodes  {Mdoidogyne  epp.)  can  result  in 
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considerable  crop  loss,  (.'ontrol  is  by  trcatuiB 
planting  material  with  water  at  40°C  for  50 
minutes,  by  the  use  of  disease-free  material  or 

by  soil  fumigation. 

liisect  pest  on  taro  may  cause  serious  damage. 
Damage  by  Hercothripa  indieus  (synonym: 

I!i'lif)tliiips  indicus)  thrips  in  shown  as  a  sil- 
very discoloration  of  the  leaves  and  can  result 
in  severe  leaf  shedding.  Adults  of  taro  beetles 
(Paptitma  spp.  <>.g.  Papuana  huebnen  and 
Papitatia  trnodlarhiana)  tunnol  in  tbo  rorm  up 
to  the  growing  point.  Young  plants  wilt  and  die 
but  older  plants  usually  recover.  This  pest  is 
reported  in  the  Pacific  and  South-Kast  Asia, 
but  not  m  Africa.  It  can  be  controlled  by  apply- 
ing insecticide  in  the  planting  holes.  Severe 
losses  have  been  suffered  by  a  number  of  coun- 
tries growing  the  noji  (Polynesia.  Hawaii,  the 
Caroline  Islands  and  Saniuu),  as  a  result  of 
leafhoppers.  Biological  control  and  insecticide 

dusting  are  offerfivo  rontrni  moasnrrs.  lintn-ar 
of  the  sweet  potato  hawk  moth  {Agrius  coavol- 
villi)  defoliating  the  plant  reduce  conn  quality. 

Harvesting  The  har\'est  of  the  leaves  may 
start  2  months  after  planting.  Unfolding  or 
young  expanded  leaves  are  preferred.  From 
then  on,  continuous  harvesting  is  assured  pro- 
vided sufficient  water  is  available.  Har\'osting 
immature  curms  may  start  from  months  on- 
wards. Maturity  of  the  crop  depends  on  the 
cultivar  and  method  of  cultivation  (upland  or 
flooilcil).  Dashoen  typos  take  about  8-10 
months  to  mature  while  eddoe  types  mature  in 
5-7  months.  Irrigated  taro  matures  a  few 
mniiilis  l.it'-r  n.iKln'cn  tj'pes  may  be  ratooned. 
lifting  the  mam  tuber  and  leaving  the  small 
ones  for  successive  harvests.  Maturity  indica- 
lors  are  yellowing  of  the  leaves  and  a  slight 
lifting  of  tubers,  Commerrial  growers  in  Clhana 
allow  the  crop  to  remam  over  one  year  when 
prices  are  not  fiwrourable. 

Yield  Tbo  yield  of  leaves  is  not  recorded. 
Corm  yields  are  veiy  variable.  The  average 
yield  on  a  world  basis  is  5-6  t/ha,  but  a  good 

crop  on  fertile  soil  gives  at  least  12  t/ha.  and 
yields  higher  than  40  t/ha  have  been  achieved 
in  Hawaii. 

Handling  after  harvest  Leaves  can  only  be 

stored  for  a  few  days,  ("orms  ran  be  stored  un- 
der ambient  condition  for  up  to  6  weeks,  pro- 
vided they  have  not  been  bruised  during  har- 
vestinti,  However  they  often  keep  well  for  only 
2  weeks  t 'orms  of  dasheen  t\jies  can  be  .-stored 
at  10°C  for  up  to  6  months.  To  avoid  post- 
harvest  problems,  harvesting  is  best  done 
when  the  oorma  are  diy.  For  the  fresh  maricet, 


the  conns  arc  usuallj"  wa.shed  and  the  roots 
and  fibres  are  discarded.  In  (  Jhana,  the  entire 
top  parts  are  removed,  whereas  in  Asia  30—45 
cm  of  the  leafstalks  are  usually  left  attaehed 
Pieces  of  the  corm  may  be  dried  and  stored  as 
diips. 

Storing  planting  material  at  about  2''C  results 
in  a  delay  of  growth  of  40-6U  days;  storage  at 
11-13**C  and  a  relative  humidity  of  85-00% 
impnn-es  later  growth.  Corms  fir  plmting  are 
normally  left  in  the  ground  and  are  harvested 
when  needed. 

O-enetie  resonrees  Genetic  variability  in 
taro  is  large  in  South-Kast  .\sia  and  New 
Guinea,  but  small  in  Africa  and  the  Pacific 
region.  Farmers  in  West  Africa  and  elsewhere 
grow  many  clones,  Loss  of  genetic  diversity  is 
minimal.  Germplasm  eolleetions  are  main- 
tained in  several  mstitutes  in  A^iia  and  the 
Pacific  region.  The  largest  collection  is  held  at 
the  Rubia  .\grirult  urni  Research  Station, 
Bubia,  Paj)ua  .\'ew  Guinea. 

Breeding  The  discovezy  of  methods  of  flower 
induction  in  taro  greatly  facilitates  breeding. 
Breeding  programmes  foeus  on  resistanee  to 
diseases  and  pests,  especially  taru  blight  and 
taro  beetles.  Little  research  work  has  been 
done  on  breerlinf:  in  .Africa.  In  Nigeria  tech- 
niques for  prumutmg  flowering  and  seed  pro- 
duction using  hand  pollination  have  been  suc- 
cessful, Tissue  culture  techniques  for  vegeta- 
tive propagation  have  been  di-veloix^il  in  Ha- 
waii and  offer  hope  for  obluming  virus-free 
planting  material  and  for  rapid  multiplication 

of  selected  plants. 

Prospects  Taro  is  a  vegetable  with  great 
potential.  The  importance  of  the  leaves  as  leafy 
vegetable  and  the  corms  as  relish  is  increasing. 

However  the  importance  of  the  corms  as 
starchy  staple  food  is  declining  since  they  are 
considered  inferior  to  other  roots  and  tubers. 
Taro  is  an  excellent  multipu1710.se  food  crop  for 
subsistence  agriculture  and  home  gardens, 
giving  food  security.  Its  ability  to  grow  under 
flooded  conditions  and  to  tolerate  salinity 
makes  it  suitable  for  localities  where  few  ether 
crops  grow.  .\s  such  it  raenls  more  allenlion  in 
researdi  and  breeding,  focusing  on  disease 
resi.'itances,  yield  and  quality.  For  commerrial 
production,  separate  cultivars  need  to  be  de- 
veloped for  harvesting  leaves  or  corms. 

Major  references  Abbiw.  1)  K,  1000; 
Burkill,  IIM.  1985:  Ivancic.  A.  &  Leboi.  \'., 
2000;  Matsuda,  M.  &  Nawata,  K,  2002;  On- 
wu^ne,  I.e.,  1978;  Phidmett,  D.L.,  de  la  Peffa, 
R.S.  &  Obrero,  F.,  1970;  Puraeglove,  J.W., 
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COMMEUNA  AFRICANA  L 

Protologue  Sp.  pi.  1:  41  (1753). 
Family  Commelinaoeae 

Vernacular  names  Yellow  cmnmelina  wan- 
dering Jew,  duyllower  (En).  Coramehne,  com- 
ni6Une  afrieaine  (Fr).  Kongwa  (Sw). 

Origin  and  geographic  distribution  Com- 
meliiia  afncana  is  indigenous  and  widespread 
in  Africa,  ocrnimni;  irom  Senegal  to  Ethiopia, 
and  soui  'n  ii  South  Africa.  It.  oocurs  also  in 
Saudi  .\ral)ia  Vrmon  and  Australia. 

Uses  in  Kenya,  Uganda  and  Tanzania  the 
leaves  are  cooked  and  eaten  as  a  vegetable. 
Thi'V  two  r\v>])\H'i\  ami  boiled  m  watiT  m-  in 
I'resh  or  sour  milk.  Sesame  seeds  and  ground- 
nut paste  are  added  for  flavour  and  consis- 
tency. This  vegot  able  is  eateu  with  the  staple 
food  as  a  substitute  for  more  preferred  vegeta- 
bles. 

Many  other  uses  are  reported  for  Commelina 

afriecaia.  Tn  Konya  and  Tanzania  tbo  loaves 
are  fed  to  hvestock,  especially  pigs  and  rabbits. 
The  flowers  provide  bee  forage.  In  Kenya  an 
infiision  of  the  plant  is  used  as  a  wash  to  re- 
duce* fi'vcr  and  pounded  stalks  are  used  to 
treat  colds  and  coughs  in  children.  Fluid  from 
the  spathes  is  appHed  locally  to  cure  eye  dis- 
rasps.  The  Zulu  of  South  Africa  batho  body 
especially'  of  a  child,  with  a  cold  mfusion  in 
cases  of  restless  sleeping.  Similarly,  an  infu- 
sion of  the  leaves  is  sprinkled  over  the  resting 
place  of  a  rr.';(|pss  rbild  in  Zimbabwe.  The  So- 
tho  in  southern  .\irica  take  a  decoction  of  the 
plant  with  Ttphroaia  capenais  Pers.  for  treat- 
ment of  a  'weak  hearf  and  nervousness.  In  DR 


Congo  the  root  is  used  for  the  same  purpose. 
The  plant  cooked  with  Haplocarpha  acapoaa 
Harv.,  Helichry.viin  piloseUum  (L.f.)  Less,  or 
the  root  of  Cotyh'dnn  (Irctiasdta  Sims  is  given 
by  Sotho  as  medicine  to  young  women  to  cure 
infertility.  Also,  an  infusion  of  the  plant  is 
ilruak  ami  its  ash  is  rubbed  <iver  the  liiins  as  a 
fertility  charm.  In  Zimbabwe  and  South  Africa 
a  concoction  of  the  root  is  used  as  treatment  for 
venereal  diseases  and  to  treat  women  with 
menstrual  cramps.  This  preparation  is  also 
used  for  pelvic  pams  and  bladder  complaints. 

Botany  Perennial  heib  with  tuberous  fusi- 
form fleshy  rodts  stem  creeping  or  straggling, 
Leaves  arranged  spirally,  simple;  leaf  sheaths 
O.ft-3  cm  long,  with  purple  tinge,  cihate  along 
the  free  margins;  blade  g^ierally  lanceolate,  6— 
11")  em  x  12-2.2  cm.  ape.v  acute,  glabrous 
except  for  the  ciliate  margins,  rarely  sparsely 
hairy,  veins  parallel.  Inflorescence  a  leaf- 
opposed  cynie;  pr-dunrle  H— 10  mm  long:  spaihe 
0.9-2.4  cm  long,  margins  free,  glabrous  except 
for  the  ciliate  margins.  Flowers  bisexual,  s^- 
gomorphic,  yellow,  rarely  protruding  from  the 
spathe:  lower  petal  linear-lancvolate,  c.  5  mm  x 
2  mm,  paired  petals  with  claw  3-4  mm  long, 
lamina  broader  than  long,  c.  4  mm  ^  6  mm; 
uj)per  three  stamens  sterile  with  cross-shaped 
anthers,  medial  stamen  with  filament  4-6  mm 
long  and  anther  1 .5-2  mm  long,  the  two  lateral 
(lower)  .stamens  with  smaller  anthers.  Fruit  a 
capsule  5-(;  mm  long,  3-celled,  3— 5-seeded,  the 
2  ventral  locules  each  l(-2)-seeded  (by  abortion 
of  the  lower  ovules)  and  dehiscent,  the  dorsal 
loeuI'>  1-s(>.mIci1  iruli'liiscent  Seeds  variable  in 
size,  cylmdrical-rectangular  m  outlme,  2.2-3.5 
mm  X  1.3—2  mm,  dark  brown;  testa  rough 
(farinose  granules)  and  pitted;  hilum  small, 
round 

Cominelina  afncana  is  a  variable  species,  in 
which  many  varieties  are  distinguished.  The 
typical  variety,  var.  nfiicana,  is  .-i  rnltivated 
plant  grown  as  a  vegetable.  Commelina  afn- 
cana is  easify  distinguished  from  the  other 
Commelina  species  by  its  yellow  instead  of 
blue  purplish  or  pink  flowers.  The  flowers 
open  from  7-lU  a.m. 

Ecology  Commelina  afncana  oocurs  in  sec- 
ondar>'  grf>wth  and  disturbed  localities  and  as 
a  weed  on  farms.  In  Senegal  it  grows  in 
marshes.  After  the  onset  of  the  rains,  the  plant 
sprouts  earlier  than  other  plants  and  it  is 
therefore  useful  as  a  fodder  plant  after  pro- 
longed drought.  The  same  applies  for  its  use  as 
a  vegetable;  it  is  available  earlier  than  com- 
monly cultivated  species. 
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Management  in  I'gnndfl  and  Tanzania 
Commelina  africana  is  not  cultivnted  or  pro- 
tected by  local  people.  It  is  cununun  as  a  weed 
and  therefore  easily  aceessible,  Tlie  leaves  are 
collected  in  the  rainy  season  for  immediate  use. 
They  are  not  stored. 

Genetic  resources  and  breetling  No  germ- 
plasm  collections  or  breeding  programmes  are 
known  to  exist  for  Commdina  afriema.  Be^ 
cauM?  of  its  abundance  in  Africa,  there  is  no 
danger  of  genetic  erosion. 

Prospects  Despite  its  multiple  uses,  the 
plant  is  reported  not  to  be  marketed  in  Tanza- 
nia. It  is  not  a  very  popular  vegetable.  Pros- 
pects for  its  development  as  a  vegetable  crop 
seem  bleak. 
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Ck>MMELlNABENGHALENSIS  L 

Protologue  Sp.  pi.  1:  U  (1753). 
Family  Commelinaoeae 

Chromosome  number  '2n  -  22 

Synonyms  CuiniHeliiia  pyrrkoblepharia 
Hassk.  (1867). 

Vernacular  names  Blue  commelina,  venus* 
bath  Benghal  dayflower,  tropical  spiderwort 
(EIn).  Commeline,  commelme  (Fr).  Trapoeraba 
(Po).  Kongwa,  kafiila,  mpovupovu  <Sw). 

Origin  and  geographic  distribution  Cnm- 
melina  benghalensia  is  originally  an  Old  World 
species,  and  is  naturalized  in  the  Americas  and 
Hawaii.  It  occurs  throughout  tropical  Africa 
from  Cape  Verde  and  Senegal  to  Ethin]n;i  and 
south  to  South  Africa;  it  also  occurs  in  Mada- 
gascar and  the  Mascarene  Islands. 

Uses  In  parts  of  West  .Africa,  e.g  Cote 
d'lvoire  and  Ghana,  the  leaves  of  Commelina 
hen^udenaia  are  cooked  and  eaten  as  a  vegeta- 
ble.  Hie  leaves  are  mudlag*  n^us  In  Kenya 
young  leaves  ore  eaten  as  o  relish:  older  leaves 
are  regarded  as  too  acidic  and  bitter  to  use.  In 
Kenya,  Uganda  and  Tanzania  the  leaves  and 
stems  are  chopped  and  cooked  alone  or  with 


other  vegetables  such  as  Bidens  pilosa  L.  or 
Cleome  hirta  Oliv,  It  is  also  reported  as  a  vege- 
table in  Ethiopia.  In  Indonesia  the  leaves  and 
young  tops  are  occasionally  steamed  and  eaten 
as  a  vegetable,  and  in  the  Phibppmes  they  are 
eaten  cooked.  In  India  the  leaves  are  eaten  as 
famine  food. 

In  Sudan  and  eastern  Africa  the  plants  are 
grazed  by  domestic  stock,  at  the  same  time 
providing  part  of  the  cattle's  need  for  \val<>r.  In 
northern  <  Jhana  it  is  n  favourite  fef^l  for  pigs 
and  poultiy;  in  Tanzania  it  is  given  to  animals, 
especially  pigs  and  rabbits.  The  flowers  provide 
bee  forage.  In  southern  Africa  however,  its  use 
as  pig  feed  is  restricted  to  times  of  scarcity  as  it 
is  thought  to  cause  a  sort  of  'meadea^  in  the 
animals.  There  may  be  edaphic  or  genetic  dif- 
ferences causing  such  iliflerences  in  properties, 
but  these  may  also  originate  from  misidentifi- 
cations,  because  most  CommeUna  species  re- 
semble each  other  verj'  closely 
In  southern  Nigeria  the  plant  is  used  as  a  i>oul- 
tice  for  sore  feet.  In  East  Africa  the  sap  of 
CommeUna  bengliulcnsis  leaves  and  stems  is 
used  to  treat  ophthalmia  sore  throat  and 
burns,  and  the  liquid  contained  in  the  flower- 
ing spathe  is  used  to  treat  eye  complaints  in 
Zan/iliar.  In  Uganda  and  Tanzania  the  sap  is 
used  topically  against  thrush  m  infants,  and  m 
Tanzania  a  solution  of  pounded  leaves  soaked 
in  warm  water  to  treat  diarrhoea.  In  .southern 
Africa  CnmiiipUun  beiiffhafrii.-ii.t  is  used  to 
counter  infertility  in  women,  and  a  decoction  of 
the  root  is  used  for  the  relief  of  stomach  disor- 
ders. In  India  it  is  s;nil  to  be  beneficial  for  lep- 
ra^, and  m  the  Philippmes  it  is  used  as  an 
emollient  suppository  for  strangury.  In  Rajast- 
ban  (India)  sheep  with  jaundice  ar(>  treated 
with  a  mixture  of  the  plant  with  whey  and 
common  salt. 

The  rhizomes  are  stardiy  and  mucilaginous.  In 

India  and  Sudan  they  are  commonly  cooked 
and  eaten,  and  are  said  to  be  a  wholesome  food. 
In  India  and  China  a  djre  is  obtained  from  the 
sap  of  the  flowers. 

Properties  Diy  leaves  of  a  sample  of  Comj- 
inclina  beiighalensis  from  Bouake,  Cote 
d'lvoire,  contained  per  100  g:  protein  13.6  g,  fat 
2.1  g,  carbohydrate  .^8  g  fibre  41  g  (Busson, 
1965).  All  aboveground  parts  are  astringent 
and  contain  hydrocyanic  acid.  Commdina 
beiighali'iisis  has  given  negative  results  in  tests 
for  .-int iliacterial  effects. 

Botany  Perennial  herb  with  tuberous  fusi- 
form fleshy  roots;  stems  erect  or  creeping- 
ascending,  often  with  subterranean  deistoga- 
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Comm^ina  bengkalenaiB  - 1,  flowering  stem;  2, 
inPoreacence;  3,  opened  apathe  with  fruita;  4, 
seed. 

Smree:  PROSEA 

mous  flowers.  Lonvos  nrrnnpod  spirnlly  sim- 
ple; sheath  0.5-3  cm  long  with  purple  vems, 
ciliate  with  purple  3-7  mm  long  bristles  along 
I'vrr  i  (li»es.  rarely  over  the  surface,  dtherwise 
glabruus  or  with  hooked  hairs;  blade  generally 
broadly  lanceolate,  9-12  can  x  3-6  cm,  pseudo- 
[  I  I  3-15  mm  long  with  a  few  putple  or 
whit  I  hrisflos  .'i— 7  mm  lontj  npox  nriifo  or 
acuminule,  pubescent  or  glabi-ous,  vems  paral- 
lel. Infloresomoe  a  leaf  opposed,  falsely  termi- 
nnl  rymo;  pedunclo  uii  In  ''^  mm  long'  spntho 
funnel-shaped  1—2  cm  long,  margins  completely' 
fuBed«  pubescent  with  short  hooked  hairs  and 
sparsely  pilose  witii  straight  liairs.  Flowers 
bisexual,  zygomorphic  protrudinji  from  the 
spalhe  when  llowenng,  with  pedicel  4—7  mm 
l(mg,  reflexed  and  enclosed  in  the  spathe  when 

fruit inti'  petnls  blue  lower  petnl  smnller  than 
the  2  upper  petals,  these  with  claw  4-5  mm 
long,  lamina  8  mm  x  10  mm;  upper  three  sta- 
mens  sterile,  with  eroys-shaped,  yellow  an- 
thers, medial  stamen  with  niriment  5-7  mm 
long  and  fertile,  blue  anther  c.  2  mm  long,  the 
two  lateral  (lower)  stamens  with  smaUer  fer- 
tile, blue  anthers  c.  1.4  mm  long.  Fruit  a  cap- 


sule 4..^— 5. .5  mm  long,  ii-eelled  .'1-o-seedcd,  the 
2  ventral  locules  each  l(-2)-seeded,  dehiscent, 
the  dorsal  locule  1 -seeded,  delayed  or  immedi- 
ately dehiscent,  Seeds  variable  in  size  cylin- 
drical-rectangular in  outline,  2-5.5  mm  x  1.5- 
2.2  mm,  brown;  testa  reticulate  with  tubercu- 
late  rid^'es,  provided  with  farinose  granules: 
hilum  normally  linear,  1-^3  mm  long,  not  reach- 
mg  the  ends. 

Blue-fIower(»d  Com  iiu'lintt  species  such  as 
Cnniint'Iiiiij  hiviiilKiIi'nsis  and  Conin\*'Uiui  dif- 
fusa Burm.f.  are  easily  confused.  Both  species 
are  common  throughout  Africa.  The  properties 
attnliuii  d  to  one  species  may  therefore  also  be 
valid  lor  the  other.  In  East  A&ica  ComineUiut 
imherbia  Ghrenb.  ex  Hasak.  and  CommeUna 
laiifolia  Hochst.  ex  A.Rich.  are  also  used  as  a 
vegetable.  (\)iiitiioliua  zanthr.Hird  C.B.Clarke  is 
used  as  a  vegetable  on  Peraba  island  (Tanza- 
nia). 

The  flmvers  of  C onimdina  bet^tolmais  open 
from  8  a.m.  to  noon. 

Ecology  CommeUna  benghalensis  is  com- 
mon in  disturbed  areas,  at  fon  si  <  ilt,.  ~  a  lung 
roadsides  in  secondan'  regrow  th  and  fields,  on 
waste  ground  and  m  home  gardens.  It  can 
withstand  prolonged  drought.  It  is  a  very  sci- 
ons weed  on  farms;  in  R(min  it  is  reported  to  be 
a  noxious  weed  in  cotton  fields. 

Management  In  Tanzania  CommeUita 
hcniihalcnsis  is  not  cultivated  or  protected  by 
local  people.  The  leaves  are  collected  durinp 
the  early  flush  of  the  rainy  season  for  immedi- 
ate use.  They  are  not  stored.  The  plants  are 
said  tn  produce  1  J, 000  seeds  per  plant  above 
ground,  and  fewer  m  the  soil  (cleistugamous 
flowers),  but  the  latter  germinate  to  a  high 
degree,  and  weed  control  is  il  i  <>  cumber- 
some It  is  a  weed  in  both  the  drier  north  of 
Benin  (where  it  may  have  an  annual  life  cycle) 
and  in  the  more  htunid  south.  It  is  a  serious 
weed  in  other  regions  of  the  world  as  well  as  is 
illustrated  by  its  appearance  on  the  federal 
noxious  weed  Ust  of  the  United  States. 

Genetic  resources  and  breeding  Because 
of  its  abundance  and  weed\  nature,  there  is  no 
danger  of  genetic  erosion  lor  Conuiielina 
bengfuUenais. 

Prospects  Despite  its  several  uses,  the 
plant  is  reported  not  to  be  marketed  in  Tanza- 
nia. The  bleak  prospects  of  commercialization 
as  a  vegetable  do  not  seem  to  justify  domestica- 
tion  research. 
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Commiphora  rostrata  Engl. 

Protologue  Amniario  Reale  1st.  Bot.  Roma 

7;  17  I  1897). 

Family  nurserMct^MiJ 

Origin  and  geographic  distribution  Com- 
myihora  rostraia  is  found  in  Ethiopia,  Somalia 

and  Konyn. 

Uses  The  young  leaves  and  shoots  of  Com- 
miphora rostrata  are  edible.  In  Ethiopia  and 
Somalia  they  are  eaten  raw,  directly  from  the 
tree.  The  leaves  are  also  used  as  a  relish  and 
cooked  with  other  fuudstufl's  to  add  llavuur. 
Bark  and  branches  are  sometimes  used  to  pre- 
pnrr  n  tea.  The  stem  pitii  is  chewed  to  reUeve 
thirst. 

The  leaves  and  young  twigs  are  chewed  to  ease 
cough  and  chost  problems.  Bark  or  branches 

nro  rhewoH  or  tnkon  as  an  infusion  to  relieve 
fever,  colds  and  coughs.  Juice  from  the  bark  is 
appUed  to  the  ejres  to  cure  eye  diseases.  The 
Ren<lille  people  (if  northern  Kenya  apply  un- 
specified plant  parts  to  their  hvestock  to  repel 
parasites  such  as  lice,  fleas,  mites  and  tides. 

The  lN\  iL's  ,ire  used  by  the  Turkana  peojilo  as 
toothliriishfs.  Croats,  shoep  and  c-amels  lirowsp 
the  plants.  The  resin  fi'om  the  bark  is  used  to 
glue  feathers  to  arrow  shafts.  The  powdered 
bark  is  added  to  water  in  new  calabashes  from 
bottle  gourd  and  left  for  3  days  to  give  them  a 
pleasant  smell. 

Properties  The  fresh  leaves  taste  salty,  acid 
and  bitter.  The  aeitl  taste  is  due  to  oxalic  acid. 
The  exudate  from  the  bark  is  copious,  very 
fluid  and  highly  aromatic.  It  showed  antim- 
icrobial activity  (against  Eschrn'rhia  roli 
Staphylococcus  aui-eua  and  Pseudoinonas 
aeruginoaa)  and  antifungal  activity  (against 
Aaper^his  and  PcitiriHin  m).  The  major  ccHn- 
ponents  of  the  volatile  iVaelion  of  the  resin  are 
2-decanone  (65%),  2-undecanone  (.21%)  and  2- 
dodecanone  (5K).  The  whole  resin  as  well  as 
the  3  pure  constituents  inhibited  growth  of 


funfn  in  vitro  and  showed  a  repellent  effect  on 
maize  weevil  (Sitophilus  zeamais).  The  wood 
can  support  breeding  populations  of  the  larger 
grain  Inner  (Proslephaiiiis  liiiiirdlus)  and 
should  therefore  not  be  used  in  the  construc- 
ti<m  of  grain  stores. 

Botany  Erect,  dioecious  shrub  or  small  tree 
up  to  4  m  tall,  sometimes  prostrate  or  scan- 
dent;  bark  grey  or  dark  purple:  twigs  tapering, 
spine-tipped.  Leaves  opposite,  simple  and  en- 
tire; petiole  1-8  mm  long;  blade  broadly  ellipti- 
cal to  orbicular  or  obovate,  1—1.5  cm  ^  1-3.5 
cm,  apex  emarginate,  rounded  or  broadly 
pointed.  Male  innon  scence  a  branched  cyme, 
8-20-flowa»d,  peduncle  up  to  16  mm  long; 
female  inflorescence  1-2-flowered,  peduncle  6— 
8  mm  loni;  Flowers  unisexual,  regular,  4- 
merous.  dark  red:  pedu-el  filiform,  up  to  1.5  cm 
long;  calyx  c.  2  mm  long  with  triangular  lobes; 
petals  linear,  4—6  mm  long,  with  recurved  tip; 

male  flowers  with  8  stamens  1  long  and  4 
short;  female  flowers  with  superior  2-oelled 
ovaiy.  Fruit  a  narrowly  ovoid  drupe  1.5—2  cm 
long  including  c  0.5  cm  long  beak;  stone  ovoid, 
8-10  mm  long,  covered  h\  false  aril. 
Coininiphoia  comprises  about  190  species  and 
occurs  in  tropical  and  subtropical  AJfrica,  Asia 
and  South  America.  It  is  most  abundant  in  the 
drier  parts  of  eastern  and  southern  Africa  and 
in  Madagascar.  In  Ethiopia  and  Eritrea  a  total 
of  about  50  species  has  been  ir^oorded,  in 
Mrxlaijascar  about  20.  Several  .species  of  Com- 
miphom  are  important  for  their  gum  resms. 

Elcology  Commiphora  roatrata  is  widespread 
in  open  bushland,  usually  on  sloping  ground,  in 
areas  with  an  annual  rainfall  of  150-6U0  mm. 
It  is  found  at  altitudes  of  80-1050  m  and  is 
frost  tolerant.  Flowering  takes  place  before  the 

leaves  appear 

Management  Commiphora  roatrata  can  be 
propagated  by  stem  cuttings  or  seed. 

Genetic  resources  and  breeding  Com  mi- 
phora  roatrata  is  not  uncommon  and  not 
threatened.  No  germplasm  collections  are  re- 
corded. 

Prospects  Coiinniphoni  rostntta  will  con- 
tmue  to  contribute  to  the  human  diet  in  the 
drier  areas  of  East  Africa.  The  insect  repellent 
properties  of  C om nii'phnra  roatrata  and  other 
Commiplu>m  species  justify  further  research. 

Bl^jor  references  Beentje.  H.J.,  1994b; 
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O  W.  &  Knbuye  C.H.S..  1999;  UN-EUE.  2001a; 
\  oliesen,  K.,  1989a. 

Otiter  references  Baerta,  M  &  Lehmann, 
J..  2002c;  Gillett,  J.B..  1991;  Kibata,  G.N.  & 


CORALLOCARPUS  216 


Nang'ayo,  F.L.O.,   1997;  Lwandc,  W.  et  al., 
1992;  McDowell.  P.O.  et  al,  1988;  Morgan, 
W  T  \V  .,  1981;  SEPASAL.  2003b. 
Authors  C.H.  Bosch 


Convolvulus  farinosus  L. 

Protologue  Mant.  pi.  2:  203  (1771). 

Family  Convolvulaceae 

Chromosome  number  2n  =  2  1 

Origin  and  geographic  distribution  Con- 
volvuitia  fitrinosua  is  found  in  eastern  Africa 
(Eritrea.  Ethiopia,  Kenya,  Uganda,  Tanzania), 
southern  Africa  (Malawi,  Botswana,  Zim- 
babwe, Mozambique,  South  Africa),  Madagas- 
car, Reunion,  and  in  the  western  Mediterra- 
nean region. 

Uses  Young  leaves  of  Coiii  oli  tilus  furinusus 
are  collected  from  the  wild,  cooked  alone  or 
with  other  vrgetablos  such  ;is  amnrnnth  or 
oowpea,  and  eaten  with  a  staple  food.  Coconut 
milk  or  pounded  groundnuts  are  often  added. 
Convolvulus  fun'noaus  is  also  used  as  a  forage 
and  ornamental 

Botany  Perennial  herb  with  numerous,  long 
and   slender,   twining  or  prostrate,  long- 

pubesrent  stems.  Ix»ave.«;  .iltcrnnh',  simple; 
petiole  up  to  7  cm  long;  blade  triangular-ovate 
to  ovate,  a-1 1  cm  X  4-6  cm,  sagittate  to  cordate 
at  base,  apex  obtuse,  acute  or  apiculnte,  mnr- 
pin  entire  to  shallowly  crennte  shortly  pubes- 
cent. Inflorescence  an  axiUarj',  umbel-like 
cyme,  1-6-flowered;  peduncle  up  to  6  cm  long. 
Flowers  bisexual,  regular,  ."-mei  ous:  pedicel  up 
to  1.5  cm  long;  sepals  ovate-circuiar  to  ellipti- 
cal, 6-8  mm  x  3-6  mm,  oft^  pubescent;  corolla 
campanulate,  1-1.5  cm  long,  with  narrow  tube 
and  mucronate  lobes,  white  or  pinkish -purple, 
pubescent  al  the  middle  of  lobes  and  apices; 
stamens  inserted  at  base  of  corolla  tube,  fila- 

ments  unequnh  ovary  superior,  2-reIlerl  style 
filiform,  c.  4  mm  long,  stigmas  2,  fihform.  Fruit 
a  globose  capsule  5-8  mm  in  diameter,  apicu- 
late,  glabrous,  pale  brown,  enclosed  by  persis- 
tent calyx,  dehiscent  li>  1  \  ah  es.  Seeds  usually 
4,  globose-trigonous,  c.  4  mm  x  mm,  black, 
rugose. 

Cnnrnli  iiliis  comprises  about  250  sjM'cics  most 
of  tbem  in  temperate  and  subtropical  regions  of 
the  world,  with  only  a  limited  number  in  the 
tropics.  In  tropical  Africa  about  24  species  oc- 
cur. 

Ecology  Convolvulus  farinosus  occurs  m 
upland  grassland  and  fields,  at  1000—2000  m 
altitude.  It  sometimes  bdiaves  as  a  trouble- 


some weed. 

Genetic  resources  and  breeding  Convol- 
vulus farinoms  is  widespread  and  not  in  dan- 
ger of  genetic  emsinn. 

Prospects  Convohulus  farinosus  will  re- 
main a  minor  leaf  vegetable,  of  local  impor- 
tance only  when  other  vegetables  are  scarce. 

Major  references  Gon9alves,  M.L.,  1987; 
RuKb,  C.K.,  Biraie,  A.  &  Tengnas  B.,  2002; 
Verdcourt,  B.,  1963. 

Other  references  Bosser,  J.  &  Heine,  H., 
2000b;  Deroin,  T.,  2001. 
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C3ORALL0CARPU8  BAINESH  (Hookf.) 
A.Meeuse 

Protologue  Bothalia  8:  41(1962). 

Family  CTucuibitaoeae 

Synonyms    CoraUocarjm^  aphaerocarpus 

Cogn.  (1888). 
Origin  and  geographic  distanbutioii  Coral- 

locar/jus  baineaii  is  a  n  itivi  of  Tanzania,  Zam- 
bia, Mozambique.  Zinilmbwe  Botswrina.  .An- 
gola, Namibia  and  South  Africa.  Records  for 
Madagascar  and  the  Comoree  are  erroneous 

and  rehite  to  C orallnrarpii s  poissonli  CuLrn 

Uses  The  leaves  and  stems  are  eaten  as  a 
salad  and  as  a  palatable  but  stringy  cooked 
vegetable  by  bushmen  and  othOT  tribes  in 
South  .\trira.  The  raw  fruits  are  sweet  and 
edible  when  ripe. 

Properties  There  are  no  records  on  the  leaf 
composition,  but  likely  it  is  comparable  to  other 
dark  green  leaf  vegetables.  The  roots  are  bitter 
and  not  eaten  although  those  of  closely  related 
species  are  edible.  The  roots  contain  consider- 
able amounts  of  cucurbitarin  B  smaller 
amounts  of  cucurbitacm  D  and  traces  of  cucur- 
bitadn  G  and  H.  Cucutbitacins,  which  are 
known  from  many  Cucurhilaccae  and  various 
other  plant  species,  exhibit  cytotoxicity  (includ- 
ing antitumour  activity)  and  anti-inflammatory 
and  analgesic  activities. 

Botany  Monoecious,  perennial  prostrate  or 
scandent  herb;  older  stems  with  smooth, 
brown,  ridged  bark;  tCTdrils  simple.  Leaves 

altemale  simple:  .stipules  absent'  petiole  1.7— 
5.4  cm  long;  blade  ovate,  deeply  palmately  5- 
lobed,  deeply  cordate  at  base,  lobes  broadly 
ovate  to  narrowly  elliptical  Infloresoence  a 
congested  cluster  shortly  rncemose  in  male 
mflorescence,  many-llowered.  Flowers  unisex- 
ual, regular,  5-merous,  with  1  mm  l<mg  recep- 
tacle, sepals  lanceolate,  1  mm  long,  petals  c. 
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1.5  mm  long;  male  flowers  with  pedicels  1.5- 
4.5  mm  long,  stamens  5;  female  flowers  sessile, 
with  inferior,  1-celled  ovan,-.  smooth,  glabrous. 
Fiuil  a  sessile  shortly  ellipsoid  capsule  8-9 
mm  X  6-6.5  mm,  in  a  cluster,  bright  red,  c.  6- 
seeded.  Seeds  ovoid  or  pyriform,  up  to  4.5  mm 

nun    2  .")  mm.  smooth  or  ven  uculose. 
Corallocarpus  comprises  about  10  species  and 
is  placed  in  the  tribe  MeSalhrieae.  The  genera 

i\>ralloc(ii[)iis  and  Ktdroatis  are  clos<>ly  re- 
lated. Corallorarpii H  ireJii  it.sclili  fXniul.) 
Hook.f.  ex  Welw.  closely  resembles  ContUocar- 
ptia  btMinesii  but  the  former  has  stalked  fruits 
with  an  acute  apex,  and  its  roots  are  edible. 
They  are  further  separated  by  their  distinct 
ecological  requirements. 

Ecology  Coralloearpus  baineaii  occurs  in 
deciduous  woodland  and  bushland  at  altitudes 
of  350—1550  m.  In  Namibia  and  Botswana  U  is 
restricted  to  arid  sandy  areas  and  is  replaced 
in  the  rc  maindor  of  these  countries  by  CoroUo- 
carpus  II  I'lii  itschii. 

Management  Coralloearpus  baineaii  is  ex- 
clusively collected  from  the  wild. 

Genetic  resources  and  breeding  Al- 
though fairly  limited  m  distribution,  nu  major 
threats  of  CoraUoearpua  baineaii  have  been 

idf-nt  ifii'i! 

Prospects  CoraUoearpns  baineaii  will  re- 
main of  local  importance  only. 

Major  references  rleffrey,  (\  li)78;  Moeuse, 
A.L)..I.,  ltK;2:  SRP.\S \L  200:',c  Story,  R.,  15>.58. 

Other  references  Watt,  J.M.  &  Breyer- 
Brandwijk.  M.G..  1962. 

Antlioxa  C.H.  Bosdi 


CORCHORUS  ASPLENIFOUUS  Burch. 

Protologue  Trav,  S,  ^Vlrica  1:  400  (1822). 

Family  Tiliaceae  (APG:  Malvaceae) 

Chromosome  number  2/(  =  1  I 

Vernacular  names  Wild  Jew  s  mallow  (En). 
Corete  sauvage  (Fr). 

Origin  and  geographic  distribution  Cor- 
chorus  aspleuifolius  is  restricted  to  southern 
Africa,  from  Zambia  southwards  to  South  Af- 
rica and  Swaziland.  It  is  common  at  the  fringes 

of  the  Kalnhnri  doscM't. 

Uses  The  mucilaginous  texture  of  the  foliage 
makes  it  a  popular  leafy  vegetable  when  eon- 
sumed  together  with  a  coarse  staple  food.  In 
the  past,  ashes  fi-om  this  plant  were  used  as  a 
substitute  for  salt.  The  ash  is  said  to  dispel 
ants. 

Prodnotion  and  international  trade  Thia 


vegetable  is  frequently  collected  from  the  wild 
during  the  rainy  season  for  home  consumption 
and  for  sale  at  local  iimi  krts  and  urban  OKities 
(r  L'  Piuliiw  ;t\ II  in  Zimbabwe). 

Properties  The  composition  of  Corchoms 
aaplenifaUua  is  probably  comparable  to  that  of 
Corchorus  olilcrius 

Adulterations  and  substitutes  Corcliurua 
asplenifoliua  can  be  replaced  by  okra  or  other 
Corchoms  species  found  in  the  sami»  region, 
esperinlly  Cotvhorua  tridena  L.  and  Corchorua 
trUocularis  L. 

Description  Perennial  herb  with  prostrate 
or  suln'ifct  iuinual  stems  from  a  woody  i-oot- 
stock;  stems  glabrous  or  with  a  line  of  short, 
curly  hairs,  sometimes  also  with  ^treading 
hairs  all  around.  Leaves  alternate,  simple; 
stipules  setaceous  up  to  1  cm  long;  petiole  up 
to  1  cm  long;  blade  lanceolate  to  almost  Imear, 
1.5-8  cm  X  0.2-1.6  cm,  rounded  or  broadly 

cuneato  and  without  sctnceous  nppendnprs  nt 
base,  acute  at  apex,  margin  coarselj'  or  finely 
serrate  or  crenate,  glabrous  to  densely  hispid. 
Infloreso«ice  a  1-3-flowered  leaf-opposed  fas- 
ciculate cyme,  bracteate.  Flowers  bisexual, 
regular,  usually  5-merous,  shortly  stalked; 
sepals  free,  linear  to  linear-oblanceolate,  6-10 

mm  long;  petals  free,  obIancfH)late  to  ohovnie, 
6—10  mm  long,  yellow;  stamens  numerous; 
ovarj'  superior,  3-oeUed,  style  up  to  7  mm  long. 
Fruit  a  slender  cylindrical  capsule  up  to  4  cm 
long  and  c.  2  mm  wide  attonunted  to  a  blunt, 
undivided  apex,  dehiscing  by  ;3  valves,  usually 
on  twisted  stalk,  many-seeded.  Seeds  shortly 
cylini!i  I   il  l.'V2  mm  lony.  d;ak  Itniwn. 

Other  botanical  information  The  genus 
Corchorua  comprises  an  uncertain  number  of 
q>ecie8,  with  estimates  ranging  from  40-100. 


Corchorua  aaplenifoUua  -  wild 
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Corehorus  aaplmifoUus  -  rootstoek  with  flower- 
ing and  fniiling  hniiicli. 
Redrawn  and  adapted  by  laliatt  Syainaudiii 

Corehorus  asplenifolius  can  be  identified  by  its 
wooHy  rootstoek  and  often  prostrnto  stems  hnv- 
ing  nan-ow  leaves  and  3-valved  capsules,  often 
on  twisted  stalks.  It  resembles  Corehoma  eon- 
fiisiis  Wild,  hut  this  speeies  usually  has 
broader  leaves  and  straight  fi\iit  stalks. 

Growth  and  development  Corehorus  as- 
plenifolius is  one  of  the  few  pereniiuil  (\)reho- 
ma  species  Tii  thi'  dry  season,  it  is  ol'ten  liurni 
down  to  ground  level,  but  it  sprouts  again 
when  the  rainy  season  starts.  It  flowers  mainly 
in  the  mid-rainy  seastm,  between  December 
and  March. 

Ecology  Corehorus  cuplenifoUas  occurs  in 
opoL  woodland  and  at  the  margins  of  seasonal 
swamps  usually  on  sandy  soils 

Harvesting  Tops  of  leafy  stems  and  leaves 
are  collected  firom  the  wild 

Handling  after  harvest  Harvested  leaves 


may  be  dried,  made  into  powder  and  kept  for 
use  during  the  dr>'  season. 

Genetic  resources  Although  Coivhonu  tu- 
ph'nifofiiis  is  not  very  widespread,  it  does  not 
seem  to  be  liable  to  genetic  erosion  because  it  is 
variable  in  morphology,  locally  common  and 
may  resprout  from  its  woody  rootstodc  left  be- 
hind after  collecting  leafy  stems. 

Prospects  Corehoma  aaplmifoUtu  is  a  lo- 
cally common  and  nutriimu-  \«  t;etal)le  and  as 
such  a  vahjahle  wild  pl.mt.  Il  only  fetches  low 
prices  at  markets,  so  there  is  little  incentive  to 
domesticate  it  and  consider  commercial  pro- 
duction. The  perennial  habit  may  make  it  suit- 
able for  home  garden  planting  for  regular  sup- 
ply as  a  green  vegetable  for  family  consump- 
tion. 

Major  references  Edmonds,  J.M.,  1990: 
Schippers,  R.R.,  2000;  Tredgold,  M.H.,  1986; 
Wild,  H..  1963;  Wild,  H..  1984. 

Other  references  I /  imp  \A  -T  \\'  Russon, 
F.  &  Jardin,  C,  1968;  Wild,  H.,  Biegel,  H.M.  & 
Mavi,  S.,  1972. 

Sources  of  illustration  Wild,  H.,  1984. 

Authors  R.R.  Scfaippers 

Ck>RCHORUS  OUTOBIUS  L. 

Protologue  Sp.  pi.  1:  629  (1763). 

Family  TiUaoeae  (APG:  Malvaceae) 

Chromosome  number  2n  -  I  I 

Vernacular  names  Jew  s  mallow,  jute  mal- 
low, krinkrin,  tossa  jute,  budi  okra,  West  Afri- 
can surrel  (En)  Corete  pr)t,ij,'ere.  jute  potager. 
mauve  des  Juifs,  cramcrain,  krinkrin  (Fr). 
Corete,  caruru  da  Bahia  (Po).  Mlenda  (Sw). 

Origiu  and  geogmpliic  distributkm  Hie 


Corehorus  oUtorius  -  wUd  and  plmUed 
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gcographicnl  origin  of  CoiThoriis  olitoriits.  is 
often  disputed,  because  it  has  been  cultivated 
since  centuries  both  in  Asia  and  in  Africa,  and 
if  (xvurs  in  the  wild  in  both  contim-nts  Some 
authors  consider  India  or  the  indo-Burmese 
area  as  the  ori^  of  Corchoms  oUtorius  and 
several  other  Corchoms  species.  However,  the 
presence  in  Africa  of  more  wild  Corchoma  spe- 
cies and  the  larger  genetic  diversity  within 
Corchoms  olitoriiu  point  to  Africa  as  the  first 
contro  of  origin  of  the  genus,  with  n  sorondnry 
centre  of  diversity  in  the  Indo-Burmese  region. 
At  present  Corchoms  oUtorius  is  widely  ^read 
all  over  the  tropics,  and  it  probably  oocurs  in 
all  countries  of  tropical  Africa. 
In  tropical  Africa  it  is  reported  as  a  wild  or 
cultivated  vegetable  in  many  countries,  It  is  a 
leading  ienf  ve^jetjible  in  Tnte  d'lvoire.  Benin. 
Nigeria,  Cameroon,  Sudan,  Kenya,  Uganda 
and  Zimbabwe.  Jew's  mallow  is  also  cultivated 

ns  a  leaf  vegetable  in  the  < 'ai  ihbrnn  Rrn/il 
India,  Bangladesh,  China,  Japan,  Egypt  and 
the  Middle  East.  It  is  cultivated  for  jute  pro- 
duction in  Asia  (India,  Bangladesh,  China) 
together  with  ('unhnni.i  ((ipsttlans  L.,  but  in 
Africa  It  IS  of  no  importance  as  a  libre  crop, 
although  the  fibre  may  be  used  domestically. 

Uses  Jew's  mallow  is  iisr-d  ns  a  leafy  muci- 
laginous vegetable.  The  cooked  leaves  fbrm  a 

slimy  sticky  sauce,  comparable  to  okra.  la  Ni- 
geria this  sauce  is  found  .suitable  for  easy  con- 
sumption of  starchy  h.ills  mrnlc  fi-om  cnssava, 
yam  or  millet.  A  powder  prepared  from  dried 
leaves  is  used  to  prepare  this  sauce  during  the 
drj'  season,  The  nnmature  fruits  called  bush 
okra,  are  also  dried  and  ground  to  a  powder  for 
the  preparation  of  this  slimy  sauce.  In  East 
AMca  several  recipes  exist,  e.g.  Jew's  mallow 
may  be  cooked  with  rowpeas,  pumpkin  ro- 
coyam  leaves,  sweet  potato,  milk  and  butter, 
meat,  and  flavoured  with  peppers  and  lemon. 
Jute  has  been  the  most  widely  used  packaging 
fibre  for  more  than  100  years  because  of  its 
strength  and  durability,  low  producti<m  costs, 
ease  of  manufacturing  and  availabihty  in  large 
and  uniform  quantities.  However  jute  produc- 
tion IS  insignificant  in  Africa.  The  types  of  Cor- 
chorus  oUtorius  that  are  used  as  a  leaf  vegeta- 
bl(  are  quite  distinct  from  ikae  types  used  fi>r 
jute  productitm. 

Root  scrapings  of  Jew's  mallow  are  used  in 
Kenya  to  treat  toothache,  a  root  decoction  as  a 
tonic  leafy  twigs  in  Congo  agnin.st  heart  trou- 
bles, an  infusion  from  the  leaves  is  taken  in 
Tanzania  against  constipation,  and  seeds  in 
Nigeria  as  a  purgative  and  febrifuge. 


Production  and  international  trade  Jew's 
mallow  is  one  of  the  lending  leafy  vegetables  in 
many  countries  an  I  jnucfa  cultivated  and 
traded.  No  statistical  data  on  production  or 
marketing  are  available,  international  trade 
with  nei^bouring  countries  occurs,  but  is  not 
registered  In  Europe.  Jew  s  mallow  is  sold  in 
powder  form  as  a  Libanese  product,  under  its 
Arab  name  'meloukhia'. 

Th(>  world  jute  production  (combined  data  from 
CorchortiH  nlitnruts  and  Con  hnnis  capmilaris) 
has  been  stable  over  the  past  -10  years.  In  the 
period  1997-2001  it  averaged  2.76  milli<m  t 
raw  fibre  per  M-ar,  India  and  Bangladesh  to- 
gether produced  more  than  90%  of  the  total. 

Properties  The  composition  of  Corchoms 
oUtorius  leaves  per  100  g  fresh  edible  portion 
is:  water  80.4  g  (74.2-91.1),  energy  '2\:'>  kJ  (58 
kcal),  protein  4.5  g,  fat  0.3  g,  carbohydrate  12.4 
g,  fibre  2.0  g,  Ca  360  mg,  P  122  mg,  Fe  7.2  mg, 

P-carotenc  (>  1  It)  (.ip  thiamin  O  l-'i  mg  riboflavin 
0.53  mg,  niacin  1.2  mg,  ascorbic  acid  80  mg 
(Leung,  W.-T.W..  Busson,  F.  &  Jardin,  C, 
1968).  Hiis  composition  is  in  line  with  other 
dark  green  leaf  vegetables,  but  the  dry  matter 
content  of  fresh  Jew  s  mallow  leaves  is  higher 
than  average.  The  composition  and  especially 

the  microniit rieni  content  are  strongly  influ- 
enced by  external  factors  such  as  soil  fertiliiy 
and  fertilization.  Nitrogen  fertiUwr  greatly 
improves  the  micronutrient  content,  e.g.  F^  P, 

Cn  carotene  and  vitamin  C. 

The  mucilagmous  polysaccharide  in  the  leaves 

is  rich  in  uronic  acid  (65%)  and  consists  of 

rhamnose.  galactose,  glucose,  galacturonic  acid 

and  glucuronic  acid  m  a  molar  ratio  of 

1.0:0.2:0.2:0.9:1.7  in  addition  to  3.7%  acetyl 

groups. 

Jute  fibres  are  obtained  from  the  hast  .  The  use 
is  limited  to  coarse  fabrics,  because  the 
lragth:diamet«r  ratio  of  jute  filaments  is  only 
100-120  much  below  the  minimum  of  1(100 
required  for  line  spinnmg  quality.  Fibre  cells 
are  2-2.5  mm  long  and  15-20  \im  in  diameter. 
Fibre  cells  are  cemented  together  into  fila- 
ments of  up  to  250  mm  long.  The  tensile 
strength  of  jute  is  3U5-775  MPa,  the  elongation 
at  break  is  only  1—2%.  Jute  has  a  low  ignition 
temperature  of  l!i.'^°C,  posing  a  considerable 
fire  hazard  in  warehouses. 
Corchoms  oUtorius  leaves  contain  antioxida* 
tive  phoudic  compounds,  of  which  5- 
caffeoylquinic  acid  is  the  most  important.  Some 
ionone  glucosides  have  also  been  isolated  from 
the  leaves;  they  showed  inhibitory  activily  on 
histamine  release  from  rat  peritoneal  exudate 
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cells  induced  by  antigen-antibody  reaction.  The 
seeds  are  poisonous  to  mammals  and  insects. 
They  contain  cardiac  glycosides. 

Adulterations  and  substitutes  As  inttii'<li- 
ent  of  slimy  sauces  Corchorus  olitorius  can  be 
replaced  by  other  Corehoma  species  (also  called 
Jew  s  jiiallow  )  thi'  w  ild  nnd  cultivfited  Corcho- 
ma  irideiia  L.  and  the  wild  species  Corehomt 
asplenifolma  Burdi.,  CorthomB  fcudeukaii 
Lam.,  Corchorus  triloeularu  L.  and  Corehom* 
aestuan.t  \ 

Deacription  Erect  annual  herb  up  to  2(— 1) 
m  tall,  usually  strongly  brandied;  stems  red- 
dish, fibrous  and  InuKh,  i^i-nvcs  ;«ltrrn;it<'  sim- 
ple: stipules  narrowly  triangular  with  long 
point;  petiole  (0.5-)l— 7  cm  long;  blade  narrowly 
ovate,  ovate  or  elliptical,  4-16(-20)  cm  x  2-5 (- 
11)  cm  cuneate  or  obtuse  .snd  w  ith  setMceoiis 
appendages  up  to  2.5  cm  long  at  base,  acumi- 
nate to  acute  at  apex,  margin  serrate  or  cre- 
nate,  almost  glabrous,  usually  shiny  dark 
green,  3-7-veined  from  the  base.  Inflorescence 
a  1-4-flowered  axillary  fiasdcle,  bracteate. 
Flowers  bisexual,  regular,  usually  5-merou8, 
shortly  stalked:  sejials  free  narrowly  obovate. 
5—7  mm  long;  pelals  free,  obovate,  5—7  mm 


Corchorus  olitorius      1,  flowering  branch;  2, 

flower;  3,  fruits;  4,  seed. 

Redrawn  and  adapted  by  Iskak  Syamsudin 


long,  yellow,  caducous;  stamens  numerous; 
ovary  superior,  usually  .5-rpllpd  style  short. 
Fruit  a  cylindrical  capsuir  up  tn  7(-10)  cm 
Innt,'  riMx'd.  w  ith  ;i  short  beak,  usiiiilly  dehisc- 
ing by  5  valves,  manj  -seeded.  Seeds  angular, 
1-3  mm  long,  dark  gr^.  Seedling  with  epigeal 
germination:  hypocofyl  1—2  cm  long:  cotyledons 
foUaceous,  broadly  elliptical  to  circular,  3-8 
mm  long. 

Other  botanical  information  The  genus 
Cnrrhnnis  comprises  an  uncertain  number  of 
species,  with  estimates  rangmg  from  10-100. 
Two  important  cultivar-groups  of  Corchorus 
oh'toriii.t  I'Xist  The  Nogi'tnlilc  types  are  com- 
bined in  Olitorius  Group,  characterized  by  a 
plant  height  lower  than  2  m,  often  not  more 
than  1  m,  and  a  more  or  less  heavily  branched 
plant  habit.  The  fibre  types  are  classified  in 
Textilis  Group,  with  plant  heights  of  4(-^5)  m 
and  plants  only  slightly  brandied  at  the  top. 
Within  Olitorius  Group,  there  are  numerous 
local  cultivars,  e.g.  early  and  late  flowering, 
and  with  differences  in  plant  habit  and  leaf 
shape.  In  Nigeria,  the  popular  'Amugbadu'  is 
reputed  to  be  suitable  for  transplanting  and 
harvest  by  repeated  cuttmgs;  it  has  finely  ser- 
rate, elliptical-ovate  leaves,  whereas  'Oniyaya' 

has  smaller  nnd  cunrsoly  stTrnte  lonves,  is 
strongly  branched  and  more  suitable  for  direct 
sow  ing  and  once-over  harvest.  'G^nt  de  Ber- 
toua'  from  Cameroon  has  very  large,  broadly 
ovate  Icat"  blades.  Cultivars  with  deeply  and 
irregularly  serrate  leaves  ( Incisifolius )  can  be 
found  in  Benin  and  Cameroon. 

Growth  and  development  Growth  of  Cor- 
chorus olitorius  seedlings  is  fast.  In  short  day 
conditions  flowering  starts  about  a  month  afte^ 
emergence  and  continues  for  1-2  months,  de- 
pending on  tj7)e  and  conditions.  The  flowers 
are  usually  self-poUinated,  but  cross- 
pollinatton  up  to  lOH  occurs.  Aftmr  thmt  3-4 
ni  on  f  li  s  t  h  r  f  ruits  are  ripe,  the  leaves  drop  and 
the  plant  dies. 

Ecology  Wild  plants  of  Corchorus  olitorius 
grow  m  grassland  and  fallow  or  abandoned 
fields,  often  close  to  marshes,  rivers  and  i:ikes 
at  up  to  1250(— 1750)  m  altitude.  Jew  s  mallow 
thrives  best  under  hot  and  humid  conditions. 
In  the  savanna  and  Sahel  zone  it  performs 
best  during  the  hot  rainy  season.  It  is  culti- 
vated where  annual  rainfall  averages  600- 
2000  mm.  The  optimal  temperature  is  25— 
32'^.  Growth  .stops  below  ln°C,  Jew  s  mallow- 
is  a  short -day  species,  in  Nigeria  a  daylength 
of  12.6  hours  caused  a  much  stronger  vegeta- 
tive growth  expressed  in  weight  of  roots,  stems 
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and  leaves  than  a  day  length  of  1 1.5  hours,  but 
the  fruit  and  seed  production  was  higher  at  a 
ph <  it  < ')  ' riod  of  1 1 .5  hours.  Jew's  mallow  prefers 
sati(l.\  loam  soils  rich  in  organic  matter  and 
grows  poorly  on  heavj'  clay. 

Propagatioii  and  planting  In  general 
farmers  hnve  no  access  to  improved  !*eed,  but 
harvest  their  own.  They  keep  a  few  plants  for 
that  purpose  in  their  garden  or  field  until  fruit 
maturity.  For  a  ^ood  seed  yield  of  25  g  per 
plant,  a  spacing  of  ."lO  cm  between  and  within 
the  row  is  recommended.  Commercial  seed 
production  may  be  600  kg/ha.  The  seed  is  ripe 
when  all  the  leaves  have  dropped.  For  own  on- 
farm  seed  production,  the  stems  with  fruits  are 
harvested,  and  after  dr^'ing  in  the  sun  they  are 
kept  until  the  next  seascm.  In  villages  in  the 
north  of  Cote  d'lvoire  the  women  omserve  the 
fruits  in  the  kitchen  above  the  fireplace.  Fruits 
on  abandoned  plants  in  the  field  also  still  con- 
tain viable  .s-eed  until  the  nexl  r.ainy  reason 
These  firuits  open  at  the  onset  of  the  rains  and 
the  seeds  spread.  Well-dried  seed  keeps  a  hi^ 
germination  capacity  for  several  years.  One  g 
contains  about  47i)  serils.  Fresli  and  sometimes 
old  seed  shows  dormancy  caused  by  imperme- 
ability of  the  seed  coat.  This  is  a  major  problem 
for  Jew's  mallow  cultivalion.  To  suppress  (he 
dormancy,  it  is  recommended  that  the  seed  tied 
in  a  piece  of  cotton  doth  be  immersed  for  6 
seconds  in  a  I  most -boiling  water  before  sowing. 
Another  method  is  scarification  with  sandpa- 
per. 

In  traditional  field  cultivation,  the  farmers 

broailcast  seed  without  any  consideiatinn  con- 
cemmg  the  optimal  density.  They  often  grow 
Jew's  mallow  in  association  with  other  vegeta- 
bles or  fiood  crops  sudi  as  6kia,  tomato,  water- 
melon proundnut  orynm 

Peri-urban  vegetable  farmers  produce  Jews 
mallow  on  beds  in  monoculture.  Direct  sowing 

is  mainly  applied  for  onee-over  harvest  by  up- 
rooting or  low  cutting  at  soil  level.  Sowing  is 
done  in  lines  30-60  cm  apart  and  with  spacing 
10-15  cm  in  the  rows.  For  the  more  common 
har\estins^  by  repeated  cuttings  10-20  g  seed 
per  lU  111-  IS  sown  in  a  nursery  in  well-loosened 
soil.  When  the  seedlings  are  5-10  cm  tall,  thoy 
are  transplanted  at  a  sparing  of  10-20  cm  in 
the  row  and  30-50  cm  between  the  rows.  In 
trials  in  Ghana  the  highest  yield,  50  kg  of 
marketable  shoots  or  29  kg  of  edible  leaves  per 
10  m-,  was  obtained  with  a  spacing  of  10  cm  x 
45  cm. 

Management  Jew's  mallow  is  usually 
grown  as  a  rainfed  crop  without  mudi  care.  In 


pen-urban  production  the  growers  practise 
manual  irrigation  during  the  dr>'  season,  at 
least  6  mm  daily.  Organic  fertilizer  may  be 
ajiplied  at  up  to  20  t/ha.  A  liasal  application 
with  NFlv  (e.g.  15-15-15  at  lUQ  kg/ha)  and  a 
side  dressing  with  nitrogen  are  recommended 
for  an  optimal  yield,  Nitrate  fertilizer  gives 
better  results  than  ammonium-based  ones. 

Diseases  and  pests  Jew's  mallow  is  rather 
resistant  to  diseases  and  pests.  Scleroliiiin 
inlfsii  causing  foot  rot  and  wilting  is  sometimes 
a  problem.  Curvularia  species  cause  black  leaf 
spots,  and  Cercospora  circular  leaf  spots.  These 
fungal  diseases  are  kept  under  control  by  culti- 
vation on  well-drained  beds  and  wide  spacing. 
A  virus  disease  transmitted  by  leaf  hoppers 
and  causing  leaf  deformation  and  retarded 
growth  was  repoi  ted  from  Nigeria. 
The  most  damaging  pests  are  grasshoppers 
{Zanoeerus   variegatus),    caterpillars  (Aerea 

spp.)  nrniy  worm  (Spnclnptrra  liftotxdis)  and 
flea  beetles  (JPodagrica  spp  ).  During  die  dry 
season,  red  spider  mites  {Tetranychiu  cinna- 
barimia)  often  attadi  the  leaves.  Control  by 
sprayint,'    with   recommended  pesticides  is 

rarely  applied. 

Jew's  mallow  is  very  susceptible  to  root-knot 

nematodes  (.1/<7o;V/«£,>v;;c  spp  ).  Methods  of  con- 
trol mciude  crop  rotation,  avoiding  other  crops 
susceptible  to  root-knot  nematodes  for  at  least 
one  year,  and  taking  care  to  ensure  a  high  or- 
ganic matter  content  of  the  soil. 

Harvesting  The  first  har\'est  by  cutting 
shoots  20-30  cm  long  may  take  place  4-6 
weeks  after  transplanting  at  a  height  of  10-20 
cm  above  the  ground.  This  cutting  stimulates 
the  development  of  side  shoots.  Subsetiuently 
every  2-11  weeks  a  cutting  may  take  place,  in 
total  2-8  cuttings  For  n  once-over  ha r\'est  from 
a  direct  sown  crop  the  plants  are  uprooted  or 
cut  at  ground  level  when  they  are  30-40  cm 

(all.  'A-^  weeks  after  emergence  and  before 
development  of  fruits.  The  plants  are  bundled 
for  mariceting.  In  intercropping  systems  farm- 
ers tend  to  harvest  at  irregular  intervals.  Wild 
Jew's  mallow  is  picked  from  the  votiotation 
when  required,  usually  lor  home  consumption. 
A  crop  planted  for  jute  production  is  generally 

harvested  100-120  days  after  sowing  when  the 
plants  are  in  the  early  fruit  stage. 

Yield  In  Nigeria  a  yield  of  20-25  kg  per  10 
m^  bed  may  be  eipected  from  3-9  cuttings  of 
'Amugbadu'  during  a  period  of  3-1  months.  In 
an  experiment  in  Cameroon  a  yield  of  38  t/ha 
was  obtained  fi»m  a  well-fertilized  field  of  cul- 
tivar  'Ewondo'.  Farmers  however,  usually  ob- 
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tain  average  j  irlds  of  5-15  t/ha. 
The  world  averatjr  jvite  jield  is  about  1.9  t  of 
raw  fibre  per  ha.  but  yields  of  5  t/ha  have  been 
obtained  iii  n;int,'l;ulcsh  with  impmveil  rulti- 
vars  grown  under  optimal  agronomic  condi- 
tions. 

Handling  after  harvest  -U  w  s  mallow  leaves 
cannot  be  kept  long.  Mostly  the  product  is  sold 
on  the  harvest  day,  and  it  is  constantly  kept 
wet.  If  OOoled  to  20°C  it  ran  l)(>  kept  for  ahoul  1 
week  in  rold  stornpe  for  several  weeks.  Tf  the 
leaves  are  di-ied  and  pounded  to  powder,  the 
product  can  be  kept  for  at  least  half  a  year. 
Jute  stems  are  retted  in  water  for  a  pci  i  nI  (if 
(8-)I5-20(-30)  days  to  free  the  fibres  from  the 
baric.  When  retting  is  complete,  the  fibres  are 
stripped  manually  from  the  stems,  subse- 
(jur'ntly  washed  and  dried,  and  then  graded 
and  paclved. 

Genetic  Fesonroes  The  risk  of  genetic  ero- 
sion is  nepligible  berniisc  thri-r  is  .ilmosf  no 
commerce  of  seed  of  improved  cultivars.  At  the 
Nigerian  Horticultural  Research  Institute 
NIHORT  at  Ibadan.  a  eollt  rtinn  uf  local  types 
is  maintained.  The  yenebank  uf  the  Bangla- 
desh Jute  Research  Institute  in  Dhaka  has  the 
mandate  of  world  repository  for  germplasm  of 

jute  It  has  n  collection  of  .-ilmost  1500  Corcho- 
rua  oUtorius  accessions  through  various  germ- 
plasm  collection  projects  in  Asia  and  East  Af- 

ric.i. 

Breeding  Farmer.*;  select  the  most  vigorous 
plmits  with  the  best  mucilaginous  properties. 
When  smaller  leaves  are  required,  farmers 
select  for  profuse  branching.  At  XIIIORT  in 
Ibadan  selections  have  been  made  for  rapid 
early  growth,  large  leaf  size,  dark  green  glossy 
leaves  and  late  flowering.  Hand  crossing  ap- 
peared difficult  because  of  flower  drop  after 
emasculation. 

Jute  selection  with  the  objectives  of  higher 

yield  finer  fibre  quality  disea.se  resistance, 
early  crop  maturity  and  low  photosensitivity 
has  been  practised  for  many  years  in  Bangla- 
dedi  and  India  and  has  resulted  in  several 
successful  Corchonis  olitoiiiis  cultivars. 

Prospects  Jew  s  mallow  is  a  high  quality 
leafy  vegetable  in  market  value,  consumers' 

preference  and  nutritional  value.  Relirilile  seed 
of  improved  cultivars  should  become  commer- 
cially available.  It  is  recommended  that  local 
cultivars  be  c.  'I'  !•  I  i  i  I  ^-sted  for  Ufl^id 
characteristics  includin!,'  a<lai)tation  to  various 
environments,  resistance  to  diseases  and  yield. 
It  seems  impossible  for  Africa  to  compete  in 
export  maricets  for  jute,  in  view  of  the  excellent 


conditions  for  jute  cultivation  in  Bangladesh 

and  India. 
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COUCJIOKUS  TKIDENS  L. 

Protologue  Mant.  pi.  2:  .5fi6  (1771). 

l<'amily  Tiliaceae  (APG:  Malvaceae) 

Chromoaome  number  2n  =  14 

Vernacular  names  Jew's  mallow  (En). 
Corete  k  trois  dents  (Fr).  Corete.  (Po).  Mlenda. 
(Sw). 

Origin  and  geographic  distribution  The 

genus  Cnrrhnnis  [iroti;ib]y  oriyinates  from  .Af- 
rica, With  a  secondary  centre  of  diversity  m  the 
Indo-Burmese  r^on.  Corekoms  tridens  is 
widespread  over  tropical  .Africa  and  is  also 
found  in  N'epal  Pakistan  India  and  Northern 
Australia.  In  Alrica  it  occurs  from  Senegal  in 
the  west,  east  to  Somalia  and  south  to  South 
.Africa:  it  has  been  recorded  for  many  countries. 
It  IS  occasionally  tolerated  as  a  wild  vegetable 
in  crop  fields  with  selective  weeding,  or  grown 
in  home  gardens.  It  has  some  importance  as  a 


Corehonu  tridms  -  wUd  and  pkaited 
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vegetable  in  Pit  nin  Cameroon,  Kenya,  Mozam- 
bique, Niger,  Nitji'iia  and  South  Africa. 

Uaea  The  leaves  are  used  as  a  vegetable  in 
st(  \v<  oaten  with  starchy  staple  foods,  and  in 
soups  and  sauces.  They  taste  more  bitter  than 
those  of  Corehoma  olitornis  L.,  the  more  com- 
monly ruItiMitt  il  'Frw's  mallow.  Cooked  leaves 
become  mucilagmous  and  this  drawing  prop- 
erty is  accentuated  by  addition  of  the  filtrate  of 
nshi  s.  In  West  Afirica  and  Malawi  the  plant 
ha.s  born  used  for  its  stem  fibres,  c.i;  for  fish- 
ing lines  and  rough  cordage.  Coivhonis  tridena 
is  grazed  by  livestock. 

Production  and  int«matiouaI  trade  Cor- 
ehoma trideiia  is  utilized  locally  where  it  is 
collected  as  spontaneous  vegetable  In  fallow 
land  or  where  it  is  grown  in  home  gardens  and 
oceasionally  sold  :it  the  markt't.  There  are  no 
statistical  data,  nor  is  there  any  internaliunal 
trade. 

Properties  Thi"  composition  of  Cnrrhorus 
trideiis  is  probably'  comparable  to  that  of  Cor- 
ehoms  olitorius. 

Adulterations  and  substitutes  Okra  and 

other  ('orchoriis  speeie-^  are  used  in  the  same 
way:  the  cultivated  Corchunis  ulUurius  L.  and 
the    wild    species    Corehoma  aapUni/bliua 

Bureh.  C orrlinnis  fnsciciilari s  L;nTi.  Cnrchorus 
Irilocularia  L.  and  Corcliorua  aealuans  L. 

Deseriptlon  Annual  herb  up  to  1  m  tall, 
usually  erect  and  branched;  stems  reddish, 
fibrous  and  tough,  often  somewhat  woody. 
Leaves  alternate,  simple;  stipules  setaceous,  up 
to  1  cm  long;  petiole  up  to  1.5(-2.5)  cm  long; 
lil  iilc  narrowly  ovate  to  lanceolate  or  narrowly 
elliptical,  2.6-10(-12>  cm  x  o  r,-;!(- 1  .-,)  cm, 
rounded  and  with  setaceous  nppendaires  up  to 
1  cm  long  at  base,  rounded,  acuminate  or  acute 
at  apex,  margin  serrate  or  rrcnate,  sparsely 
pubescent,  usually  non-shmy  and  pale  green, 
d(-6)-v^ed  Stem  the  base.  Inflorescence  a  1— 

4-fIowered  lenf-opposrd  fnsrirulate  ryme,  brac- 
teate.  Flowers  bisexual,  regular,  usually  5- 
merous,  shortly  stalked;  sepals  firee,  narrowly 
elliptical  to  narrowly  obuvate.  .3-5  mm  long; 
petals  free  narrowly  ul)o\ate  to  narrowly 
oblanceolate,  4—5  mm  long,  yellow,  caducous; 
stamois  up  to  20;  ovaiy  superior,  3-celled,  style 

short.  Fniit  n  slender  rylindriral  rapsiilo  up  to 
4  cm  long  and  up  to  2  mm  wide,  slightly  ribbed, 
with  3  small  spreading  horns  at  apex,  dehisc- 
ing by  3  vahres,  many-seeded.  Seeds  cylindii- 
cnl,  often  somewhat  quadrangular,  c.  1.5  mm 
long,  dark  brown. 

Other  botanical  infoxmatlon  The  genus 
Corehoma  comprises  an  uncertain  number  of 


Corehoma  tridma  -  1,  flowering  and  fmitu^g 

braiirli;  2,  Pnii  rr; .?,  sfptii  fragitiriil  it  ith  fruita. 
Redrawn  and  adapted  by  iakak  Syainaudiii 

species,  with  estimates  ranging  frum  is -100. 
Cnrchorus  tridens  can  be  easily  idi-ntified  by 
the  3  small  horns  at  the  top  of  the  slender  cap- 
sules, which  split  at  maturity  with  3  valves.  It 
seems  closest  to  Conliorus  {leatucata,  but  this 
species  has  winged  fruits. 

Growth  and  development  The  i)lanls  grow 
rapidly  in  the  ramy  season  and  flowering  oc- 
curs about  G  weeks  after  germination.  The  first 
leaves  can  be  picked  at  about  10  days  after 
sowing.  Flowering  occurs  continuously  and 
seeds  mature  nt  00-1 10  days  from  sowing. 
Fruiting  plants  can  be  found  throughout  the 
year. 

Ecology  Corclwrus  tridois  occurs  in  sa- 
vanna, woodland  and  scrub  vegetation,  and 
often  grows  as  a  weed.  It  can  be  found  up  to 
1700  m  altitude,  but  is  generally  grown  below 
700  m.  If  is  a  hot  sonsnn  \-e<i("t;)blo  in  dr\'  areas. 
It  is  collected  m  the  lowland  African  tropics 
throughout  the  year.  Although  it  thrives  best 
during  the  rainy  season,  it  is  rather  drought 
resistant.  It  can  tolerafe  a  month  without  rain- 
fall, but  irrigation  improves  growth  and  yields. 
It  also  tolerates  a  high  level  of  rainfall  but  is 
very  sensitive  to  excess  water  when  young. 


CORCMORUS  223 


Favourable  temperatures  range  from  22-.'i5°C 
and  diunial  yariations  within  this  bracket  en- 
courage leaf  development.  Corchonis  iriiJrns 
(•;in  ]>('  grown  in  a  nmtre  of  soil  tyfi  s  l>u1  wvW- 
dramed,  alluvial  or  sandy  loams  aie  preferable. 
A  soil  pH  of  6.5-7  is  favourable,  but  it  tolerates 
a  ])n  bi'tu't'fri  "  ,"—8  ", 

Propagation  and  planting  Corekonis 
tridens  is  predominantly  collected  from  the 
wild  and  only  occasi  ivil! ,  uliiv  itcd.  In  culti- 
vation, t1if>  same  tcclmolofjy  may  he  applird  as 
for  Corclwnis  olitorius.  Seeds  are  sown  directly 
on  well-prepared,  manured  beds  at  the  begin- 
ning of  the  wet  season,  broadcast  or  drilled  in 
rows  spaced  at  20-30  cm.  The  seed  rate  is 
about  5  g  per  10  m'.  The  plants  are  thinned  to 
20  plants  per  m*.  Gernnnation  may  be  poor  due 
to  seed  dormancy,  but  a  short  immersion  in 
boiling  water  or  soakmg  overnight  in  warm 
water  speeds  up  germination  and  makes  it  less 
erratic.  The  secrls  rrtain  their  viability  for  8— 12 
months  when  stored  ia  well-sealed  jars. 

Rfanagement  Weeding  must  be  done  early; 
thinning  is  done  prior  to  the  first  harvest.  Sup- 
plementary irrigation  in  a  drought  period  is 
beneficial.  Organic  fertilizer  may  be  applied  at 
up  to  20  kg  per  10  m^  bed.  A  basal  application 

with  XPK  ('.<:  at  200  ^  per  10  m-  followctl  hy 
a  side  dressing  with  nitrogenous  fertilizer  is 
recommended  for  opt  imum  yield. 

Diseases  and  pests  Major  diseases  include 
wilting  by  Sfli-rnthtm  rolfsii  anrl  U  af  spot  hy 
Cercospoia  coicliori,  Corchoms  tridens  is  sus- 
ceptible to  red  spider  mites  {Tetranyehxis  urti- 
cae),  yellow  mites,  leaf  boftlcs  (PuJugn'rti  sjo.^t- 
edji),  swtiet  potato  butterfly  {Acraaa  acerata 
and  Aeraea  ierpaiehore)  and  root-knot  nema- 
tode {Meloidoiiyiif  spj).). 

Harvesting  ,\hoiif  10  days  after  sowing, 
when  the  plants  have  made  adequate  foliage, 
harvesting  is  done  every  fortnight  by  topping 

loafy  shoots.  Harvrstinp  stops  when  the  plants 
are  about  80  days  old,  when  no  new  leaves  are 
formed.  Topping  encourages  branching  and 
hence  gives  a  higher  yield.  As  no\\  ering  occurs 
concurrently  with  new  leaf  formation,  flowers 
of  leafy  shoots  are  removed.  Fruits  become 
brown  when  mature  and  are  harvested  before 
sballcriniz  the  seeds-  they  are  threshed  cmd 
wmnowed  to  obtain  seeds  for  sowing. 

Yield  The  leaf  yield  is  about  5-8  kg  per  10 
m'  and  is  much  reduced  during  the  dry  cool 
seascm. 

Handling  after  harvest  Harvested  leaves 
may  be  dried,  made  into  powder  and  stored  for 
a  long  period. 


Genetic  resources  Cnrrhnriis  tridens  is 
widespread  and  occurs  in  anthropogenic  habi- 
tats, and  thus  does  not  seem  liable  to  genetic 
erosion.  There  are  no  germplasm  collections 

Prospects  Corciioms  tridens  is  an  interest- 
ing vegetable  in  dry  environments,  occurring 
s]iontaneously.  but  it  can  also  he  cultivated  in 
home  gardens.  Seeds  are  easily  procured  and 
stored.  It  is  a  well-liked  vegetable,  easily  pre- 
8er\(Ml  as  dried  leaf,  nulrilious  and  im|)or(ant 
in  food  security  policy.  ( Ici-mplasm  collection 
and  research  of  Coivhoms  tridens  should  be 
promoted.  However,  in  peri-uiban  cultivation  it 
cannot  t otnprte  with  the  higher  yielding  Cor- 
choms  olitoriua. 
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2000;  Purseglove,  J.VV.,  1968:  van  der  Zon, 
A.P.M.  &  Grubben,  C..J,H..  197G:  \nllrsen.  K. 
&  Demissew  Sebsebe,  1996;  Wilczek,  R.,  1963; 
Wild,  II.,  1963. 

Sources  of  iUnstratlon  Stevels,  J.M.C., 

V.YX\ 

Authors  N.A.  Mnzava 


CORCHORUS  TRILOCULARIS  L. 

Protologue  Syst.  nat.  ed.  12,  2:  369  (1767). 

Family  Tdiaccae  i.Wr,  Malvaceae) 

Chromosome  number  2u  =  14 

Vernacular  names  Jew's  mallow,  wild 
Jew's  mallow,  bush  okra  (Rn).  Corete  h  trois 
logcs  (Pr)-  ( 'i  r  'ti'  (  Po).  MIcndo  (S\v), 

Origin  and  geographic  distribution  The 
genus  Corchoms  probably  originates  from  Af- 
rica with  a  socondani'  centiv  of  diversity  in  the 
indo-Burmese  region.  Corchoms  trilocularis  is 
widespread  over  tropical  Africa  and  is  also 
found  in  tropical  and  subtropical  Asia  and  Aus- 
tralia. In  .\frica  it  occurs  from  <"'ajK>  \'erde  and 
Mauritania  in  the  west,  to  Somalia,  Comoros, 
Madagascar  and  Mauritius  in  the  east,  and  to 
South  .Africa  in  the  south;  it  has  been  recorded 
for  many  countries. 

Uses  Young  tender  leaves  of  Corehoma  trUo- 
cuhiris  are  cooked  into  a  mucdlaginous  product 
that  is  either  used  as  n  sauce  or  as  relish  with 
maize  or  other  cereal.  It  is  popular  because 
cooking  does  not  take  much  time  and  requires 
only  small  amounts  of  fuel.  In  Western  Uganda 
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Corchoms  trUocularia  -  wild 

people  prefer  the  flowers  to  the  leaves  and  cook 

thom  as  n  niiirilnpinous  vogotnhlp  to  h<^  mixed 
with  more  coarse  vegetables.  Dried  flowers  are 
ground  into  a  powder  and  kept  for  use  in  the 
dry  season.  The  plants  are  grazed  bj'  awimiila 
including  tattle.  In  Somalia  the  stem  fibres  are 
used  lor  rupe  making. 
Prodnotion  and  iutematloiial  trade  Locally 

Cnrrhnrus  trilariilari.s  is  a  popul;ii-  l  able 

collected  £Fom  the  wild  for  hume  cunsumplion 
and  for  sale  at  local  mariEets.  It  is  only  rarely 
cultivated  on  n  smiill  scale. 

Properties  The  mmposition  nf  Coirhnnis 
trilocularis  is  pi-obably  comparable  to  that  of 
Corchorus  oUionus  L. 

Adulterations  and  substitutes  Corchoms 
trilocularis  van  be  replaced  by  okra  or  other 
Corehoni.f  s[)e(  ies,  especially  Corehorus  olUo- 
riii.t.  In  (Incr  regions  it  is  mainly  rq[>laced  by 
Corchoms  Iridena  L 

Description  Annual  herb  up  to  1(-1.5)  m 
tall,  usually  erect,  sometimes  with  decumbent 

branches;  sfmis  fihi-nus  nnd  foiiph  often 
somewhat  woodj',  often  pubescent  on  one  side. 
Leaves  alternate,  simple;  stipules  setaceous,  up 
to  1.2  cm  long,  pubescent;  petiole  up  to  0.5—2.6 
cm  lone:  lil;ide  ovnte  or  oblont;  to  lanceolate  or 
narrowly  elliptical,  (2-j4-ti^-ia)  cm  x  0.5-3(-4) 
cm,  rounded  or  broadly  cuneate  and  with  or 
without  setaceous  append  a  ros  up  tn  i  cm  long 
at  base,  acute  to  obtuse  at  apex,  margin  serrate 
or  crenate,  usually  pubescent  on  the  veins,  3(- 
•")-veined  from  the  base.  Inflorescence  a  1^(— 
4)-flo\vrred  leaf-opposed  fnsriculriti'  cyme,  brac- 
teate.  Flowers  bisexual,  regular,  usually  5- 
merouB,  shortly  stalked;  sepals  firee,  narrowly 
lanceolate,  (3-)6— 10  mm  loitg;  petals  fi;ee, 


oblanccolatc,  (3-)6-I0  mm  long,  yellow,  cadu- 
cous: stamens  up  to  lOC-SO);  ovarj''  superior, 
3(-l)-celled  style  short.  Fruit  a  slender  cylin- 
druid  capsule  up  to  7(-8)  cm  long  and  up  to  .3 
mm  wide,  slightly  ribbed,  with  short  beak  at 
apex,  scabrid,  covered  with  stellate  hairs  when 
young,  dehiscing  by  3(— 4)  Vidves.  many-seeded 
Seeds  oblong-ovoid,  1—1.5  mm  long,  dark  brown 
to  black. 

Other  botanical  itilbmuitioii  The  genus 

Corcliorus  comprises  an  uncertain  number  of 
species,  with  estimates  ranging  fi-om  10-100. 
Corchoms  trilocularis  can  be  confused  with 
Cnirlinru.'t  trich'tts.  but  the  latter  has  distinctly 
spreading  horns  at  the  fruit  apex.  Older  leaves 
of  Corehoma  tridais  are  less  Uked  than  those 
of  Corehorus  trUoeularis  because  they  become 
bitter  w  ith  age  probably  due  to  an  increase  in 
tannins.  Cuivhurtis  iriloculai  is  can  also  be  con- 
fused with  Corehorus  aspUnifoUus  Burcfa., 
especially  \vb<m  it  is  grn7pd  or  Ir.mipli'd  and 
stems  become  decumbent,  but  the  latter  is  a 
perennial  heib  with  woody  rootstock. 

Growth  and  development  Once  conditions 
of  adequate  moisture  and  a  temi>erature  of 
approximately  25*'C  are  met,  Curciiunis  Inloai- 


Cordiortis  //vVf..,-; '  ;  ',  finitinu  Umnch;  2, 
flou  er,  front  sepal  and  petal  removed;  3,  fruit; 
4,  seed. 

Redrawn  and  adapted  by  Aehmad  Saiiri  Nur- 
kanum, 
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laris  grows  very  fast.  It  has  a  short  btowuir 
season,  often  no  longer  than  3-1  months.  More 
Kixuriant  growth  occurs  m  manured  fields. 

Ecology  CviThoiiis  lrilocul<iris  nccurs  in  a 
wide  range  of  habitats,  from  seasonally  inun- 
dated land  on  clay  soils  and  river  banks  to 
grassland,  roadsides  and  disturlK  il  places,  and 
from  black  cotton  soil  to  semi-arid  sandy  soils, 
as  long  as  there  is  a  warm  season.  It  is  most 
oommon  in  places  with  residual  moi.slurc  such 
n.<5  clay  plains  whore  if  may  coloni/c  \ho  (>ntire 
area,  becommg  the  most  abundant  species.  It  is 
oommonly  found  as  a  weed  in  irrigated  fields. 
It  appreciates  high  teniperatuics  as  long  as 
there  is  adequate  moisture  in  the  rooting  zone. 

Propagatfon  and  planting  Only  few  peo- 
ple cultivate  Corchorua  trilocularis  by  broad- 
casting the  seeds  in  their  garden  to  produce  a 
crop  for  home  consumption. 

Management  Normally  Corekorus  irUom- 
laris  is  colloclcd  from  tho  wild  or  from  fields, 
where  it  is  left  untouched  during  weeding.  If 
cultivated,  the  same  tedinology  may  be  applied 
as  for  Corclioiiis  olitorius. 

Harvesting  Shoot  tips  are  plucked  from 
wild  plants  from  the  moment  that  they  are 
about  10  cm  tall.  These  fresh  shoots  are  most 

apprecialf'd.  Pluddng  of  shoots  continues  until 
fruits  start  developing  and  from  then  on  only 
new  side  shoots  or  individual  young  leaves  are 
harvested. 

Handling  after  harvest  The  produce  is 
mainly  sold  fresh  and  offered  at  the  market  in 
heaps,  ofi»n  with  flowers  and  young  fruits  pre- 

sent,  Thi'  leaves  are  sti  ijiped  from  shoots  that 
are  no  longer  tender.  Sik  li  leaves  are  often 
preserved  in  water  to  k  <  p  (hem  fresh.  Alter- 
natively, leaves  may  be  dried  and  kept  for  USe 
during  the  dry  season.  Dried  produce  will  only 
retam  about  15-20%  of  its  origmul  weight. 
When  dtying  conditions  are  less  than  ideal,  its 
colour  changes  from  green  to  blackish  and  its 
value  becomes  much  reduced.  Sun-di^'ing 
should  be  done  on  clean  sheets  and  the  produce 
turned  over  regularly  to  obtain  a  imiform  and 
green  product.  Dried  lea\i's  will  retain  their 
quality  lor  up  to  one  year  as  long  as  they  are 
kept  dry. 

Genetic  resources  C nrrhnni.i  triJnnilari.i  is 
widespread  and  occurs  m  anthropogenic  habi- 
tats, and  thus  does  not  seem  liable  to  genetic 
erosion.  There  are  no  germplasm  collections 

Prospects  (\nThnnis  trilnciilaris  is  locally 
common  and  offered  at  the  market  at  low 
prices.  Corchorua  oUtoriua  is  preferred  for  cul- 
tivation because  of  its  much  higher  yield  capac- 


ity, thus  there  is  little  mccntive  to  produce 
Corchonts  trilocularis  commercially. 

Major  references  Edmonds,  J.M,,  1990; 
Leung,  W.-T.W.,  Busson,  V.  &  Jardin.  C,  1968; 
VVUd,  H.,  1963;  Wild,  H.,  1984. 

Oilier  references  Bosser,  J.,  1987;  Burkill, 
II,M,.  2000;  Figueiredo,  E.,  199.5b:  Schippers, 
R.R.,  2000;  VoUesen,  K.  &  Demissew  Sebsebe, 
1995:  Wilczek,  R.,  1963. 

Sources  of  illustration  Rosser,  J.,  1987; 
VoUrson,  K.  &  Demissew  Sebsebe,  1995. 

Authors  R.K.  Schippers 

COSTUS  PHYLLOCEPHALUS  K.Schum. 

Prutologue  Bot.  Jahrb.  15:  420  (1893). 

Family  (^ostaceae 

Origin  and  geographic  distribution  Coslus 
phyUocephabts  has  a  relatively  restricted  dis- 

tribution  and  has  been  recorded  in  southern 
DR  Congo  and  northern  Angola. 

Uses  In  Bas  Congo  (DR  Ccmgo)  young  lenvesi 
and  shoots  of  Cosltis  phylloeephahu  are  i  i  I- 

lected  from  the  wild  and  eaten  raw  as  a  salad. 
They  have  a  pleasant,  refreshing  and  slightly 
acid  taste. 

Botany  Perennial  hei-b  wilh  rhi/ome  and 
terete,  glabrous  stem  up  to  50  cm  long.  Leaves 
arranged  .spirally,  simple;  sheath  tubular, 
closed,  with  ligule  up  to  cm  long:  petiole  up  to 
0.5  cm  long;  blade  lanceolate  to  oblonp-olmvate, 
8-17  cm  X  -1-6.5  cm,  with  an  acummate  tip, 
glabrous.  Inflorescence  a  terminal  head  c.  5  cm 
in  diameter  with  large  bracts  having  a  blade 
up  to  7  cm  lung.  Flowers  bisexual,  zygomor- 
phic,  3-merous;  calyx  tubular,  c.  1.6  cm  long, 
toothed;  corolla  .Mobed.  lobes  fused  at  base, 
unequal,  lower  lobe  (lip)  c.  5  cm  x  .5  cm,  pink 
with  white  throat,  stamen  1,  petaloid,  c.  3  cm 
long;  ovary  inferior,  3-celled.  Fruit  a  capsule 
crowned  by  the  persistent  calyz,  many-seeded. 
Seeds  w  ith  aril. 

Costua  comprises  about  90  species  and  can  be 

found  throughout  the  tropics,  tropical  .America 
being  richest  in  species.  In  tropical  Africa  ap- 
proximately 30  species  occur.  The  leaves  of 
Coatita  a/fer  Ker-Gawl.,  Coatua  lueanuaianua 
Joh.Braun  &  K.Schum.  and  Cnsttis  spt^rtnhilLt 
(Fenzl)  K.Schum.  are  also  eaten  in  Bas  Congo, 
but  the  former  2  are  more  important  medici- 
nally and  the  latter  is  preferred  as  an  <xna- 
mental.  The  young  shoots  of  Coslus  hicaiui- 
aiamia  are  cooked  and  eaten  in  Gabon  and  also 
have  an  acidulous  taste. 
Ecology  Coatua  phylloe^halua  can  be  found 
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in  the  undcrjfrowth  of  lowland  forest,  often  in 
humid  localities  along  streams. 

Genetic  resources  and  breeding  The 
range  of  distribution  of  (^nslus  pliyllocL'phaUia 
is  Umited,  rendering  it  susceptible  to  genetic 
erosion.  However,  there  is  insufficient  informa- 
tion .■iv;iil;ilili'  til  iniikc  any  pertinent  conclu- 
sions or  recommendations. 

Prospects  Locally  Costus  phyllocephabu  18 
a  popul.ir  vf^'t^i  ahif,  and  it  merits  further  ex- 
nmination.  It  niiplif  be  an  intcn'stinji  orna- 
mental because  of  its  att  ractive  flowers  and  the 
comparatively  small  plant  size. 

Mi^or  reference. s  Lntham.  P  .  2002 

Other  refsrencea  Daeleman,  J.  &  Pauwels, 
L.,  1983;  Konda,  K.  et  al.,  1092. 

Autiiora  W.J.  van  der  Burg 

Crassocephalum  crepidioides  (Benth.) 
S.Moore 

Protologue  Joum.  Bot.  50:  211  (1912). 
Family  Asteraceae  (Compositae) 
Chromosome  nimiber  '2ii  -  10 
Synonyms     Gynitra    crepidiuides  Benth. 
(1849). 

Vernacular  names  Rbolo,  thirkhrn  l  rod- 
flower  ragleai^  I'ireweed  (En).  Ebolu  (Fr).  Eyu- 
kula  (Po). 

Origin  and  geograpliie  dtstribution  Crasso- 

cephnhim  rrrpidioirii's  occurs  throuphoiif  tropi- 
cal Al'rica,  fixtm  Senegal  east  to  Ethiopia  and 
south  to  South  AMca;  it  is  also  found  in  Mada- 
t;ascar  and  Mauritius,  It  was  introduced  and 
naturalized  throughout  tropical  and  subtropi- 
cal Asia,  Australia,  the  New  Hebrides,  Fiji, 
Tonga  and  Samoa,  and  locally  in  the  Americas. 


Crasaoe^halum  cr^idioidea  -  wild 


The  Icafj'  parts  arc  widely  used  as  a  vegetable, 
e.g.  in  Sierra  Leone,  Ghana,  Benin,  Nigeria, 
Cameroon,  DR  Congo  and  Uganda,  and  also  in 

Asia. 

Uses  The  tender  and  succulent  leaves  and 
stems  of  ebolo  are  mucilaginous  and  are  used 
as  a  vegetable  in  soups  and  stews  <'s]>ocially  in 
West  and  Central  Africa.  It  is  much  appreci* 
ated  for  its  special  flavour,  which  is  shaip  but 
not  bitter.  Tt  is  <  |  lly  popular  in  south- 
wostom  XicfMM.i  iVoin  where  the  originally 
Yoruba  name  ebolo  derives.  Here  the  leaves 
are  lightly  blanched,  excess  water  is  drained 
off.  and  the  leaves  are  then  cooked  with  pcji- 
pers,  onions,  tomatoes,  melon  and  sometimes 
fidi  or  meat  to  make  soups  and  stews.  In  Si- 
erra Leone  the  leaves  are  also  popular  and  are 
made  into  a  sauce  with  groundnut  paste  In 
Australia  ebolo  is  eaten  as  a  salad  green,  either 
cooked  or  raw. 

In  southern  N'igr-ria  iho  !.-avos  of  ebolo  are 
used  to  treat  indigestion.  In  DR  Congo  leaf  sap 
is  given  to  treat  upset  stomach,  in  Uganda  it  is 
used  as  a  treatment  for  fresh  wounds.  A  leaf 
lotion  or  decoction  is  used  to  treat  headache  in 
Nigeria,  and  in  Tanzania  a  mi.\ture  of  the  leaf 
sap  of  Creut$oeepkaium  er^idioides  and  Cym- 

bnpngmi  gigantctis  ('hiov.  is  used  oi-ally  and 
externally  for  the  treatment  of  epilepsy.  In 
Tanzania  the  dried  leaf  powder  is  applied  as  a 
snuff  to  .stop  nose  bleeding  and  smoked  to  treat 
sleopinp  sickness.  Tannin  found  in  Ihr  roots  of 
the  plant  is  used  to  treat  swollen  lips.  The 
plants  are  readily  eaten  by  livestock,  and  they 
are  considered  a  useful  ijri>(>n  fiuMiT  for  pDuI- 
tiy.  CmsaocephaUtin  crepidiuides  has  been 
used  successfully  as  a  trap  plant  to  collect 
adult  rurm  weevils  in  banana  plantations 

Production  and  international  trade  Ebolo 
leaves  and  shoots  are  produced  principally  for 
local  markets  in  ninl  and  ui^an  areas.  In 
s<nilh-wi  st(  i-n  Xicoria  they  are  found  most 
commonly' m  markets  during  the  rainy  season. 
Statistical  data  on  production  and  trade  are 
not  available. 

Properties  The  nutritional  c<imposition  of 
ebolo  leaves  per  100  g  edible  portion  is:  water 
79.9%,  energy  268  kJ  (64  kcal),  protein  3.2  g, 
fat  0.7  g,  caibohydrate  14.0  g,  fibre  I  f)  p  (  'a 
260  mg,  P  62  mg  (Leung,  W.-T.W.,  Busson,  F. 
&  Jardin,  C,  1968). 

Crti.ssi>n'pli(diiiii  crefttdiaadiM  extracts  showed 
modi  ralr  ant  imutapenic  activity  in  Salintniella 
typlniiniiiuiu.  The  roots  have  been  repoi-ted  to 
contain  tannin.  The  pynolizidine  alkaloids 
jaoobine  and  jaooline  were  isolated  from  the 
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aerial  parts  of  Japancsp  plants;  jacobinc 
proved  to  be  hepatotoxic.  Geotrichiim.  an  endo- 
phytic fungus  of  CroMOcephalu  in  civpidioides, 
produces  ilihydroisocoumarins  that  have  shown 
antimalarial  activity  against  Plaamodiuin  fal- 
eipamm.  Essential  oil  obtained  by  hydrodistil- 
lati<m  of  the  leaves  consisted  mainly  of 
monoterpenes  (myroene,  limonene  and  a- 
oopa^e). 

Adulteration  and  substitutes  Cni.s.so- 
rcphalniii  cn'piriinidi's  Iravos  in  dishes  <  ;in  ho 
replaced  by  the  leaves  of  Cmssocephaliiin 
rubens  (Juss.  ex  Jacq.)  S.Moore  and  other 
Crassn<  i>p}i(ilitin  species  with  succulent  leaves. 

Description  Erect,  slightly  succulent,  an- 
nual herb  up  to  100(-180)  cm  tall;  stem  rather 
stout,  soft,  ribbed,  branches  pubescent.  Leaves 
arranged  spirally,  simple  to  pinnatclv  lobvd  or 
pinnatifid;  stipules  absent;  lower  leaves  with 
short  petiole,  upper  ones  sessile;  blade  ellipti- 
cal to  ohovatp-olliptiral  in  outline,  fi— 18  cm  x 
2-^.5  cm,  usually  lobed,  irregularly  serrate, 
base  of  lower  leaves  tapered  and  often  long- 
decurrent  into  petiole,  hair}'.  Inflorescence  a 
cylindruvd  head  I.'VIG  mm  ^  o-^i  mm  arranged 
in  a  terminal  corymb,  many-flowered;  outer 


Craasocf'pliiilii  III  rrrpirh'oides     I,  upper  pari  of 
floweruig  and  fruiling  plant;  2,  flou  er;  3,  fruit 
with  pe^pus;  4,  fmit  without  pappua. 
Source:  PROSEA 


involucral  bracts  unequal,  1—1  mm  long,  inner 
ones  1-2-seriate,  8-12  mm  long.  Flowers  bi- 
sexual, equal;  corolla  tubular,  9-11  mm  kmg, 
yellow  or  orange  with  i-edihsh  brown  top;  sta- 
mens with  anthers  united  into  a  tube,  purple; 
ovary  inf^or,  1-celled,  style  2-brandied.  Fruit 
a  ribbed  achene  c.  2  mm  long,  hairj',  dark  pur- 
pli^,  crowned  by  white,  caducous  pappus  hairs 
9—12  mm  long.  Seedling  with  epigeal  germina- 
tion;  hypoootyl  up  to  2  cm  long;  cotyledons 
brondly  <i\-;iti'  t;l;)l)i-ous  s'Tn-tK"  i>ct  iolate. 

Other  botanical  information  in  tropical 
Africa  Crassocqthalum  comprises  about  24 
species,  many  of  which  have  medicinal  uses. 
The  genus  is  placed  in  t  h< '  t  ribe  Seiieeioneae. 

Growth  and  development  Seedlings  of 
ebolu  appear  8-10  days  after  sowing.  Growth  of 
seedlings  is  fast.  Withm  10-15  days  after  sow- 
ing the  plants  are  ready  for  the  first  harvest  by 
uprooting,  and  harvesting  for  seed  can  start 

l.'i-l  7  V.   i  ks  rifti-i-  sowing. 

Ecology  Crassocephalum  crepidioides  is  a 
common  weed  in  abandoned  farm  land,  waste 
(jlaces,  plantations  and  backyard  gardens,  in 
East  Africa  up  to  2000  m  altitude.  It  may  be  a 
dummanl  pioneer  species  in  shifting  cultiva- 
tion sites  that  have  been  recently  burned.  The 

temperahir(>  reqiiircmcnl  of  cholo  is  •i:\-'.WCy, 
and  an  annual  rainfall  of  UUU— 15UU  mm  is  suit- 
able. It  prefers  well-drained,  rich  soils  and  tol- 
erates wet  soil,  but  not  waterlogged  conditions. 
It  grows  well  \mder  shade  in  plantations,  e.g. 
cocoa  or  tea. 

Propagation  and  planting  Ebolo  produces 
seeds  (achcnos)  profusely  Tho  weight  of  1000 
seeds  is  about  0.2  g.  The  seeds  are  difficult  to 
process  and  preserve.  Due  to  the  fine  sillgr 
pappus  hairs  covering  the  achenes,  they  are 

easily  dispersed  by  wind  Removing  the  pappus 
IS  possible  when  the  fruits  are  fully  ripe,  but 
before  they  qiread  naturally.  Seedlings  are 
normally  raised  in  nurseries  in  specially  pre- 
pared cool  spots.  Direct  sowing  is  less  common. 
The  seeds  are  broadcast  on  the  seedbed  and 
wiitcivd  twice  daily.  The  seedliiii;-  m  trans- 
planted w  ith  a  ball  of  earth  altaclicd  and  are 
planted  on  raised  beds  when  they  are  8—10  cm 
tall  at  a  spacing  of  30  cm  x  30  cm.  Trans- 
planted crops  produce  vigorous  plants  with 
large  leaves. 

Management  Ebolo  grows  well  in  soils  rich 
in  organic  matter.  In  general  applicatioa  of 
organic  manure  before  transplanting  promotes 
rapid  growth,  production  of  large  leaves  and 
overall  vegetative  3rield.  As  an  alternative  NPK 
feitilizers  (e.g.  16-15-16)  may  be  aj^lied. 
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WocdinR  is  required  when  the  seedlings  are 
young  and  regular  irrigation  is  important  dur- 
ing dry  periods. 

Diseases  and  pests  Kusf  infeetion  "f  ebolo 
caused  by  Aecidiiim  cmssocephali  can  be  seri- 
ous and  sometimes  leads  to  the  death  of  the 
plant.  A  t;i('\  leaf  spot  (Cercosponi)  cMuses 
spots  on  the  upper  leaf  surface  and  mould  on 
the  lower  side.  The  green  larvae  of  the  moth 
Psara palUdalis  constitute  s<  !  i  iis  in<;l>lt  m<  liy 
rnusinp  the  leaves  to  curl  find  by  t  at  inn  be- 
tween the  leaf  veins.  The  black  larvae  of  the 
moth  Lobesia  aedopai  infest  the  inflorescences 
of  young  plants,  feeding  on  the  inside,  espe- 
cially on  the  receptacle.  Slight  leaf  damage  is 
caused  by  L<ii>na  villosa  and  Chrysolagria  sp. 
throughout  the  year,  \ariegated  locust  (Zo- 
nucfvus  variciiatiis)  is  a  problem  during  tiie  dry 
season,  mfestmg  the  leaves.  High  population 
densities  of  green  aphids  may  infect  the  apical 
growing  point  nf  young  plants.  Tn  \igeria  the 
larvae  of  Xyrtemera  per^icua  (sjnionym; 
DeUemeni  pcispicua)  and  Sylepta  deivgata 
were  recorded  as  destructive  to  the  leaves, 
whereas  adults  and  nynipiis  of  Aphis  apiroi- 
cola  attack  the  leaves  and  stems. 

Harvesting  Annually  considerable  amounts 
of  ebolo  arc  harvested  from  the  wild.  In  i>lanted 
fields  harvesting  is  by  uprooting  or  repeated 
cuttings.  The  first  harvest  by  upr(M)ting  can  be 
expected  5— (5  weeks  after  transplanting,  and 
the  first  hanest  by  rutting  is  carried  out  when 
the  plants  are  2U-2o  cm  tall.  The  shoots  are 
cut  at  8-10  cm  above  the  ground  to  allow  pro- 
fuse production  of  new  shoots,  Repeated  cut- 
ting 18  carried  out  at  intervals  of  7—14  days, 
depending  on  plant  growth  and  vigour.  This 
can  be  done  for  40-60  days.  Harvesting  is  often 
done  in  the  evening  or  early  morning  to  keep 
the  leaves  fresh  for  the  market. 

Yidd  Tlie  annual  production  of  ebolo  may 
renrh  25-27  i.^ia  of  leaves  and  shoots  firom 
repeated  har\'esting. 

Handling  after  harvest  The  leaves  wilt 
fast,  lluis  ir|i,-ated  sprinkling  with  water  is 
required  t"  kt  t  p  them  fresh.  The  shouts  ran 
also  be  purliall^  immersed  in  water  in  small 
buckets.  Farmers  often  tie  the  shoots  into 
small  bundles  before  th^  are  taken  to  the 
market. 

Genetic  resources  There  is  no  threat  of 
genetic  erosion  of  Crasaoeephabim  crepktioides 
as  it  is  widespread  and  common  in  disturbed 
habitats.  There  is  considerable  variation 
am<»ig  landraces.  There  are  no  records  of 
germplasm  collections  in  AfHca. 


Breeding  Ebolo  is  a  vegetable  of  low  priority 
to  researchers  in  Africa.  The  wide  genetic 
variation  is  yet  to  be  exploited,  but  it  w  ill  en- 
sure rapid  progress  in  selection  and  develop- 
ment of  improved  cultivars. 

Prospects  Cras»ocephahtm  erepidundea  is 
an  easy  to  grow  vegetable,  especially  suited  to 
shady  localities  in  home  gardens  and  tree  plan- 
tations. Breeding  of  improved  cultivars  is 
ncfded  as  well  as  res(»ai'rh  to  solve  the  prob- 
lem of  seed  availability  that  has  hitherto  lim- 
ited cultivation.  Research  on  its  safe  use  as  a 
vegetable  is  desirable  since  the  presence  of 
pjrrrolizidine  alkaloids,  which  are  hepatotoxic 
or  even  carcinogenic,  has  been  reported  for 
Asian  plants. 

Major  references  Adams.  I  >  I'.m  Ak- 
inlosotu.  T.A.,  198.1:  Burkill.  II.M.  1985; 
Denton,  L.  &  Ojeifo,  I..\I.,  1993;  Gbile,  Z.O., 
1983;  Hind,  D.J.N.,  Jeffrey,  C.  &  Scott,  A.J., 

\m\V  Lemmens  R. H.M.J.  200:?;  T.eung,  W.- 
T.W.,  Busson,  F.  &  Jardin,  C,  1968;  Lowe,  J.  & 
Soladoye.  M.O.,  1990;  van  Epenhuijsen,  C.W., 
197t 

Other  references  Aletor,  iM.\,A.  & 
Adeogun,  O.A.,  1995;  Humbert,  II.,  1960;  Jef- 
fir^,  C,  1986;  Kongsaeree,  P.  et  al.,  2003; 
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CRASSOCEPHALUM  RUBENS  (Juss.  ex  Jacq.) 
S.Moore 

Protologue  dourn.  Bot.  50:  212  (1912). 

Family  Asteraceae  (Compositae) 

Chromosome  number  2/)  =  10  12 

Synonyms  Senecio  nibeiis  Juss.  ex  Jacq. 
(1776),  Gynura  eemua  Benth.  (1849),  Crasso- 
c^haJum  MireofrasM  (DC.)  S.Moore  (1912) 

Vernacular  names  Yoruban  bologi  (En). 
Brede  yorouba  (Fr). 

Origin  and  geographic  distribniion  Crasso- 
ccphnlinii  nihrii.s  is  found  throughout  tropical 
Africa  mcluding  the  Indian  Ocean  islands, 
where  it  is  probably  introduced;  it  is  also  re- 
ported  from  Lesotho.  South  Africa  and  Yemen, 

Uses  The  le.ivcs  of  Cnis.snrpphaliim  nibriis 
are  commonly  eaten  m  south-western  Nigeria, 
less  so  in  other  humid  zones  of  West  and  Cen- 
tral Africa.  They  are  mucilaginous  and  used  for 
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soups  nnd  saucos.  In  Uganda  the  leaves  are 
dried,  chopped  and  cooked  with  peas  or  beans. 
In  Malawi  the  leaves  and  young  shoots  are 
cooked  with  gruuiKlnuis  ,in<l  fmn.'ifnos  .'icMcd. 
Crassocephaliim  rubens  is  used  medicinally  as 
a  stomadiic  and  to  treat  liver  complaints  and 
colds,  and  externMlly  to  tn>;)t  burns,  sore  eyes 
(tilaria),  earache,  leprosy  and  breast  cancer.  In 
East  Africa  it  is  used  as  an  antidote  against 
any  form  of  poisoning.  Lik(>  garlic,  die  whole 
plnnf  is  snid  to  repel  i  i-ocodiles. 

Properties  The  taste  is  variously  described 
from  'mild*  (Uganda)  to  'slightly  stinging*  (Ma- 
l;«\vi)  The  smell  of  the  leaves  is  characterized 
from  bad  (Uganda)  to  'agreeable'  (West  Af- 
rica). Fresh  leaves  contain  per  100  g  edible 
portion:  water  79.9  g,  energy  2G9  k-J  (64  kcal), 
protein  .3  2  g.  fat  0.7  g.  carbohydrate  14.0  g, 
fibre  1.0  g,  Ca  2G0  mg,  P  52  mg  (Leung,  W.- 
T.W.,  Busson,  F.  &  Jardin,  C,  1968).  Traces  of 
nlknloids  have  born  rrrord(*d  in  stems  nnd 
leaves  and  an  abundance  of  tannins  in  the 
roots. 

Botany  Erect,  annual  herb  up  to  80  < m  i 

Leaves  arranged  spirally,  sessile:  stipules  al;- 
sent;  blade  of  lower  leaves  elliptical,  oblanceo- 
late  or  obovate,  4.6-16  cm  x  2-6  em,  either  not 

lohod  2— Idohed  or  rarely  pinnnlcly  lobed; 
blade  of  upper  leaves  narrowly  lanceolate,  el- 
liptical or  ovate,  not  lobed  or  6-8  lobed.  Inflo- 
rescence a  head,  up  to  18  heads  arranged  in  a 
terminal  coiymb.  P''l<i\vors  bisexual,  equal:  co- 
rolla tubular,  8-10  mm  long,  violet,  mauve  or 
purple.  Fruit  a  ribbed  achene,  up  to  2.5  mm 
long,  crowned  by  white  pappus  hairs  8-12  mm 
long. 

hi  tropical  Africa  Cras»oeq>halum  comprises 

about  24  species,  many  of  which  have  medici- 
nal uses.  The  genus  is  placed  in  the  tribe  Se- 
necUmeae.  Until  recently  Cixissocephalum 
rubena  and  Crassocephahtm  aarcobasu  were 
considered  distinct  species  with  considerable 
variation  within  each  species.  Variation  has 
resulted  in  the  distinction  of  2  types  in  north- 
em  Sierra  Leone.  Variation  in  taste  in  Malawi 
means  that  some  types  are  regularly  eaten, 
others  only  in  limes  of  shortage.  This  variation 
is  not  yet  fiilly  understood. 

Ecology  rnissorrfyhnliini  riihrtt.i  occurs  as  a 
weed  in  arable  land,  along  riversides  and  road- 
sides, most^  at  higher  altitudes.  In  Uganda  it 
prefers  sandy  loams  and  is  found  up  to  1800  m 
in  areas  wilh  an  annual  rainfall  of  1000-1600 
mm. 

Management  Cultivation  of  Crasaoeepha- 
bitn  mbens  is  restricted  to  south-western  Nige- 


ria. It  is  grown  in  well-drained  .soils  with  a 
high  organic  matter  content.  It  requires  sup- 
port and  shade  and  is  often  grown  among  cocoa 
trees.  Propagation  is  hy  stem  cuttings  20-25 
cm  long,  obtained  from  mature  shoots.  Re- 
moval of  the  flowering  shoots  encourages  leaf 
l)rodu(tii)n, 

Genetic  resources  and  breeding  As  Cms- 
aoeepkalum  rubena  is  widespread  in  the  tropics 
it  is  not  threatened  with  extinction.  However 

locilly,  for  example  in  Cnmeroon,  it  h;is  virtu- 
ally disappeared  through  over-exploitation,  and 
cultivation  in  Nigeria  appears  to  be  a  response 
to  decrcjised  .n  ailabilitv  from  the  wild 

Prospects  Research  on  the  use  as  a  vegeta- 
ble would  benefit  from  a  better  understanding 
of  the  variation  within  the  q>ecies.  Selection 
for  desirable  characteristics  seems  possible. 
Although  widely  considered  a  weed,  it  can  be 
easily  controlled,  and  promoting  its  cultivation 
as  a  vegetable  or  medicinal  plant  is  not  likely 
to  aggravate  the  weed  problems. 

Major  references  Burkill,  H.M.,  1985; 
Mind.  D  J.N  ,  .Jeffrey.  C.  &  Scott.  A.J..  1993; 
Ituinbert.  II..  19G3;  Katende,  A.B.  Ssegawa.  P. 
i!c  Birnie,  A.,  1999;  Kokwaro,  J.O.,  1993;  Raji, 
J.A.,  Agboola,  A.A.  &  Adeoye,  G.,  1996;  Sdhip- 
pers,  R  i;  -'lino. 

Other  references  Adams,  CD.,  1963;  Ber- 
haut,  J.,  1974;  Jeffrey,  C,  1986;  Lemmens, 
R.H.M.-I..  2003;  Leung  W  -T.W.  Bus.son.  F.  & 
Jnr<bn  <".,  1008;  Steveis,  J.M.C.,  1990;  Wil- 
liamson, J.,  1955. 
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CROTALARIA  BREVIDEN8  Benth. 

Protologue  Hook.,  Lond.  Joum.  Bot.  2:  585 

(1813), 

Fatnily  Papilionaoeae  (Leguminosae  -  Papilio- 

noidc'H',  F,n1i;i('<';i<') 

Chromosome  number  2n  —  16 
Synonjons  Crotalaria  intermedia  Kotschy 

(1865). 

Vernacular  names  Slenderleaf  rattlepod, 
rattle  pea,  Ethiopian  rattlebox  (En).  Crotalaire, 
sonnette  (Fr).  Marejea  (Sw). 

Origin  and  geographic  distribution  C mfct' 
laria  brei  Uiens  occurs  in  the  wild  from  north- 
em  Nigeria  eastwards  to  Ethiopia  and  south  to 
southern  Tanstania.  It  has  been  introdund  into 
the  Americas.  It  is  reported  .is  cultivated  and 
eaten  as  a  vegetable  in  Sudan,  Kenya,  Uganda 
and  Tanzania. 

Uses  Slenderleaf  is  grown  for  its  young 
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CrotaUuia  brevidens  -  wild 

leaves  and  shoots,  and  is  used  as  a  cooked 

vogrtnblo.  In  Konya  and  Tnn/nni.i  it  is  known 
as  marojra  or  niitoo  in  Uganda  as  alaju'. 
Elderly  peojilf  a])]ireciate  its  bitterness, 
u  lii'ieas  younger  people  pr<  !■  i  rlns.  |y  re- 
lated rattlepod  Cnttdhiria  ochrolritca  i  I.Don. 
Slenderleaf  is  consumed  boiled  or  I'ned  in  oil 
and  is  also  used  as  a  potherb  in  stews  or  soups. 
It  is  ofit^n  boilrd  (opother  with  Jew's  mallow 
(Corchorus  olitoriua  L.)  to  reduce  the  bitter 
taste;  tomatoes,  onions,  oil  andfor  milk  are 
added. 

.\  niinilxT  of  modirinni  npplirntions  hnvi-  lir-on 
reported.  In  Kenya  the  leaves  ai-e  used  to  cure 
stomach-ache,  swellings  and  malaria.  The  roots 
are  uncd  to  ti-cat  sore  throat  and  mouth  thrush 
The  iihoots  are  used  as  livestock  fodder  and 
seeds  are  fed  to  poultry.  Slenderleaf  is  also 
usod  as  a  ^rovn  manure  as  its  roots  nodulate 
profusely  and  fix  nifropon.  It  is  orrnsionally 
used  for  its  fibre.  A  recent  use  for  slenderleaf  is 
as  an  agent  to  promote  the  germination  of 
Sirica  n  parnsitir  plant  that  is  a  m^or  prob- 
lem for  maize  and  millet  growers.  In  the  pres- 
ence of  Crotalaria,  Striga  germinates  and  it 
will  subsequently  die  due  to  the  lack  of  a  suit- 
able host  plant.  Crotalaria  is  alst)  known  to 
suppress  Meloidogyiif  nematode  populations. 

Production  and  Internationa]  trade  Crota- 
laria hrpx  idnis  is  a  vogotablo  of  smnll-sralo 
production.  Since  it  is  generally  grouped  to- 
gether with  statistics  on.  other  green  vegeta- 
bles, no  individual  data  are  availalilt'. 

Properties  Thr  composition  of  leaves  of 
Crotalaria  briH  ideiia  and  the  related  Cwlala- 
ria  oehroleuca  per  100  g  firesh  edible  portion  is: 
water  74.6  g,  protein  8.8  g.  Ca  222  mg,  Fe  0.8 


mg  (Leung.  W  .-T.W.,  Busson.  F.  &  Jardin,  C, 
1968).  The  composition  is  comparable  to  other 
dark  green  leaf  vegetables,  except  that  the  dry 
matter  content  is  higher  than  average  The 
leaves  are  veiy  bitter  due  to  the  presence  of 
toxins  such  as  pjrrrolizidine  alkaloids,  diter- 
penes  and  phenolic  coinixiuiid- 

Adulterations  and  substitutes  In  dishes 
slenderleaf  can  be  replaced  by  Croialaria 
oehndeueu  or  other  Croialaria  species. 

Description  Rrect  much-branrhrd  annual 
or  short-lived  perennial  herb  up  to  2  m  tall; 
branches  usually  ascrading,  with  short  ap- 
pressed  to  slightly  spreading  hairs.  Leaves 
alternate,  3-fbholate;  stipules  absent;  petiole  2— 
6  em  long;  leaflets  linear  to  lanceolate  or  ellip- 
tical. 4-10(-14)  cm  •  -  -(^.3)  cm,  appressed 
puberulous  below.  Inllorescence  a  terminal 
raceme  up  to  50  cm  long,  many-flowered; 
bracts  linear  to  subulate,  1-3.6  mm  long.  Flow- 
ers bisexual  '/yuonnii'jihic  .^-morons-  calyx  8 
mm  long,  becomuig  truncate  at  base,  deflexed 
against  the  pedicel,  haiiy  to  glabrous,  lobes 
shorter  to  slightly  longer  than  tube:  corolla 
yellow,  with  ovate  or  elliptical  standard  veined 
reddish  brown,  wings  about  as  long  as  keel, 
keel  with  a  long  beak,  up  to  2.6  cm  long;  sta- 
mens 10,  all  joined  in  a  sheath  open  at  b.ise 
ovaiy  superior,  1 -celled,  style  curved,  stigma 
smaU.  Fruit  a  narrowly  cylindrical  pod  3.6-6 
cm  X  0.5-1  cm,  often  slightly  curved  at  the 
ends,  pubrscrnt  black'  when  drj',  mnny-soedod. 
Seeds  oblique-cordiform,  up  to  3  mm  long, 
smooth,  pale  yellow,  turning  orange  to  dark 

Other  botanical  information  CroUdaria 
comprises  about  600  species  and  occurs 
throughout  the  tropics.  .Africa  is  by  far  richest 

with  approximately  .^00  sprcies.  Besides  the 
cultivated  Crotalaria  breiidena,  Croialaria 
oehrolmw  and  Crotalaria  natalitia  Meisn., 

s<  v<  r.-d  vHd  Crotalaria  species  are  occasionally 
collected  as  potherbs,  e.g.  Crotalaria  (inlhyllop- 
»ia  Welw.  ex  Baker,   Crotalaria  cephalotea 

Steud  e\  A  Rich..  Ciolalaria  deomi folia  Welw. 
ex  Raker  ('rul<ilari(i  florida  Welw.  ex  n.Mker 
and  Croialaria  senegalensis  (Pers.)  Bade  e.\ 
DC. 

Crotalaria  brcvidfiis  is  closely  rolnfed  to  Crota- 
laria oehroleuca  and  information  cannot  al- 
ways be  attributed  to  either  one  of  them  with 
certainty  Crotalaria  brevidens  can  best  he 
<lisl  mguished  by  the  colour  of  the  flower  (usu- 
ally bright  yellow  vs.  pale  yellow  or  creamish  in 
Crotalaria  oekrolaiea),  the  calyx  (pfb&ck  puberu- 
buB  vs.  glabrous),  and  the  fruit  diameter  (0.6- 
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1  cm  V8,       1.5-2  cm). 

Four  varieties  of  Ctvfalaria  brevidens  have 
been  distinguished.  Var.  brevidena,  with  gla- 
bmus  r:ily.\  ?i,ri-;"(-7)  mm  long,  occurs  pr<^- 
dominantly  m  the  northern  part  of  the  range. 
Var.  intermedia  (Kotschy)  Polhill,  with  puberu- 
lous  calyx  5-8  mm  long,  is  the  most  \\iil<  - 
spread.  Var.  parviflora  (Baker  f.)  Polhill,  with 
a  smaller  flower,  is  restricted  to  the  Kenya 
highlands,  whoreas  var.  dorumaensis 
(R.Wilcvok)  Polhill  i«  of  flmibtfiil  status  and 
only  known  from  DK  t.'ongo. 

Orowtli  and  development  The  seed  ger- 
minates in  3—4  days,  Initially  the  plant  grows 
slowly  and  ia  ready  for  harvesting  8  weeks  af- 
ter sowing.  Harvesting  may  continue  for  4 
months. 

Ecology  Sleridi  rkaf  otx-urs  in  open  and 
wooded  grassland  and  is  occasionally  found  in 
seasonal  swamps  and  on  termitaries,  at  600- 

L'7i  M  I  111  illldp. 

Propagation  and  planting  The  1000-seed 
weight  is  about  5  g.  Slenderleaf  is  sown  broad- 
cast or  in  rows  of  30  cm  apart  and  then  thinned 
6  wet  ks  cifter  sowing  to  a  spacing  of  15-20  cm 
X  16-20  cm. 

Management  Slenderleaf  responds  well  to 
farmyard  maniir(»  but  loss  well  to  ai-t ificial 
fertilizers.  Apphcation  uf  2U  t/ha  uf  caltie  ma- 
nure is  recommended. 

Diseases  and  pests  Crotakma  brevideiis 
does  not  suffer  much  from  diseasps  and  even 
less  from  pests.  Under  wet  conditions  the 
whole  crop  may  be  destroyed  by  a  blight  just 
b*  fnrc  it  starts  flowering.  .Aphids  and  thrips 
can  be  obser\  ed,  but  are  rarely  a  serious  men- 
ace. During  fruit  development,  pod  borers  may 
enter  and  interfere  with  seed  development.  The 
holes  in  the  pods  will  nllow  rain  to  enter  and 
destroy  the  seeds  further  through  rot. 

Harvesting  Slenderleaf  is  uprooted  just 

before  flowerinfT  when  the  stems  are  about  10 
cm  tall  and  8  weeks  old.  Alternatively',  farmers 
use  the  thinnings  as  a  first  harvest  after  about 
6  weeks  and  use  a  ratoon  system  from  there 
onwards.  The  ratoon  system  involves  iirst 
plucking  the  main  shoot  at  the  8-week  stage 
and  subsequent  harvesting  of  the  new  side 
shoots.  The  main  shoot  is  cut  10-15  cm  above 
the  ground,  with  at  least  3  leaves  left.  New  side 
8ho<rts  can  be  picked  again  after  2  weeks  and 
harvesting  can  take  place  up  to  15  times  if 
there  is  enough  rain  and  apphcation  of  nitro- 
gen. 

Yield  The  yield  for  a  once-over  harvest  is 
about  10  t/ha  (1  kg/m^;  for  repeated  harvests 


the  yield  is  much  higher. 

Handling  after  harvest  Fresh  leaves  and 
young  shoots  are  very  perishable  and  do  not 

keep  well.  At  20-:iO°C  they  will  last  for  1  day: 
for  longer  storage  they  should  be  kept  below 
20*C.  To  reduce  deterioration  the  riioots  are 
tied  in  bumlles.  which  are  regularly  sprinkled 
with  water.  The  leaves  are  often  dried  to  be 
sold  during  the  dry  season.  Drying  in  the  sun 
takes  3-4  days  during  the  dry  season  and  6-7 
days  durinp  the  rainy  season. 

Genetic  resources  Crolalana  brevidena  is 
not  endangered  because  it  is  widely  distributed 
in  the  wild  and  several  local  types  are  culti- 
vated. It  has  been  mcluded  in  the  Traditional 
African  Vegetables  Mandate  List  for  oonserva- 
tion  m  the  SADC  region.  The  Kew  Millennium 
Seed  Hank  Project  has  targeted  tivulitional 
vegetables  and  established  sizeable  collections 
that  are  kept  in  both  Nairobi  and  the  United 
Kingdom 

Prospects  Slenderleaf  is  a  popular  tradi- 
tional vegetable  in  some  parts  of  East  Africa, 
with  good  iiui  1 1  Mui  il  pmperties.  Research  pri- 
orities are  brei  dinu  and  cultivation  technology. 

Major  references  Chweya,  J.A.,  1985; 
Chweya,  J.A..  1997;  Gillett.  J.B.  et  al.,  1971; 

Mnundu  P.M.,  Xgugi.  C,  \\  &  Kabuye,  T.H.S., 
19bb;  Oiembo,  N.K.,  Fedha,  S.S.  &  Xgaira, 
E.S.,  1996;  Polhill,  R.M.,  1982;  Schippers,  R.R., 
2000;  Sosef  M.S.M.  &  van  der  Maosen,  L.J.G., 
1097  i;iso  F.C.  &  Johns,  T.,  1996a;  Uiso,  F.C. 
&  Johns,  T.,  1996b. 

Other  references  Cotias  de  Oliveira,  A.L.P. 
&  de  .\auiar  Perecin.  M.L.R  .  1999:  Imbamba, 
S.K.  &  Tieszen,  L.L.,  1977;  Leung.  W.-T.W., 
Busson,  F.  &  Jardin,  C,  1968. 

Antiiors  M.O.  Abukutsa-Onyai^o 

CROTALARIA  NATALITIA  Meisn. 

Protologue  London  Journ.  Bot.  2:  67  (18 13). 

Family  Papilkmaoeae  (Leguminosae  •  Papilio- 
noideae,  Pabaceae) 

Chromosome  number  '2ii  ~  ]<'< 

Vernacular  names  Ixulllepud  (lin).  Marejea 
(Sw). 

Origin  and  geographic  distribution  Crnia- 
laria  nataiiUa  occurs  widely  in  East  and  south- 
em  Africa.  In  Central  Africa  it  is  restricted  to 
Burundi  .m  l  the  extreme  east  of  DR  Congo.  It 
is  also  I'lHiml  ui  Yemen. 

Uses  The  tender  leaves  of  Cmialaria  natali- 
tia  are  used  as  a  vegetable  in  Tanzania  and 
Malawi.  In  Malawi  fresh  leaves  and  flowers  are 
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cooked  with  potash,  giving  a  mucilaginous 
product.  In  Tanzania  the  firesh  leaves  are  uspd 
as  well  as  pounded  and  dried  leaves.  I' 
a(M  ^rrouminuts  or  cootmut  milk  tx>  make  the 
dish  more  palatable. 

In  Tanzania  Crotalaria  nattditia  is  also  used  as 

an  (irn;inii'nt;il  and  as  a  green  manure.  The 
bark  irom  Iresh  roots  is  chewed,  and  the  juice 
swallowed  as  a  treatment  for  boils.  After  sev- 
eral days  the  boils  ripen,  can  be  cut  and 
squorzod  out. 

Botany  Perennial  herb  or  small  shrub  up  to 
2.5  m  tall;  branches  usually  ascending,  with 
short  appressed  to  slightly  spreading  hairs. 
Leaves  mostly  in  tufts,  3-lbliolate:  stipules 
asymmetrical,  0.5-1.6  cm  long;  petiole  slightly 
shorter  than  leaflets;  leaflets  oblanceolate- 
linear  to  oblanceolate-elliptieal  (1  r)-)2-l  5  cm 
X  0.4—1.5  cm,  appressed  pubescent  below.  In- 
florescence a  terminal  raceme  up  to  22  cm  long, 
fr\v-  to  many-flo\v(MT'd:  bracts  linear  to  ellipti- 
cnl-caudate,  2.5-6  mm  long.  Flowers  bisexual, 
zj-gomorphic,  5-merous;  calyx  6-10  mm  long; 
corolla  yellow,  with  ovate  or  elliptical  standard 
tinged  reddish  brown  wings  longer  than  keel, 
keel  with  a  short  incurved  beak,  up  to  1.5  cm 
long;  stamens  10,  all  joined  in  a  sheath  open  at 

base.  Fruit  a  broaflly  cvlin(b-i<  al.  inflatcc]  pod 
3.5—4.6  cm  x  1—1.5  cm,  glabrous,  many-seeded. 
Seeds  oblong-reniform,  up  to  4  mm  long, 
smooth,  dark  brown. 

Crofalarin  comprises  about  600  species  and 
occurs  throughout  the  tropics.  Africa  is  by  far 
richest  with  approximately  600  species.  The 
more  important  !<  jif  vcget allies  in  the  genus 
are  CrutaUtria  biei  ideas  Oenth.  and  Crotalaria 
oehrolmea  G.Don.  Crotalaria  app.  are  often 
difficult  to  distinguish  and  may  have  been  con- 
fused in  the  literature 

Ecology  Cixilalaria  iiulaiiluj  occurs  m  the 
plateau  r^ons  of  East  Africa  and  Angola  in  a 
varictj'  of  moderately  open  b.ibit.its  such  as 
grassland,  forest  edges  and  roadsides,  up  to 
3000  m  altitude.  It  descends  to  sea-level  along 
the  east  coast  of  A&ica. 

Management  In  Tanzania  Crotalaria  no- 
laliliu  IS  traded  on  local  markets. 

Oenetio  resonrees  and  breecUng  Croioio- 
rin  Jialalifia  is  not  threatened  by  genetic  ero- 
sion because  it  is  widely  distributed  and  fairly 
common. 

Prospects  Ciotahtria  iintalilia  is  a  vegeta- 
ble of  local  importance,  and  will  likely  remain 
so. 

Major  references  Buikill,  H.M.,  1995;  P<A- 
hill.  RM.,  1982;  RufiEb.  C.K..  Bimie,  A.  & 


Tengnas,  B.,  2002;  Wilhamson,  J.,  1955. 
Other  references  Kokwaro,  J.O.,  1993. 
Aulliora  C.H.  Bosdi 


GROTALARU  OCHROLEUCA  G.Don 

Protologue  Gen.  hist.  2:  138  (1832). 

Family  i  'apdicmaoeae  (Leguminosae  -  Papilio- 
noideae,  Fabaceae) 

Chromosome  number  2/;  =  10 

Synonyms  Crotalaria  caiinabina  Schweinf. 
ex  Baker  f.  (1914),  Crotakma  itUermedia  auct. 
mm  Kotsrh> 

Vernacular  names  Rattlepod,  rattlebox 
(En).  Crotalaire,  aonnette  (Fr).  Marejea  (Sw). 

Origin  and  geographic  distribution  Crota- 
laria ochrok'iica  is  found  almost  throughout 
tropical  Africa  except  the  north-eastern  and 
most  southern  parts  and  most  islands  of  the 

Indi.in  f  >fT'an  Outside  .Africa,  it  has  become 
naturalized  in  Brazil,  the  United  States  (Flor- 
ida). Australia,  New  Guinea  and  China.  It  is 
Us. mI  ,is  a  wild  or  cultivated  vegetable  m  sev- 
eral African  countries:  Senegal.  Nigeria.  Cam- 
eroon, Congo,  DR  Congo,  southern  Sudan, 
western  Kenya,  Uganda  and  north-western 
Tanzania. 

Uses  Rattlepod  is  used  as  a  leafy  vegetable 
in  Kenya  and  Tanzania,  where  it  is  known  as 

marejea'  or  mitoo'  and  in  Uganda,  where  it  is 
called  alajii  The  young  shoots  are  har\ested, 
but  towards  the  end  of  the  season  also  mdivid- 
ual  leaves  are  collected.  These  are  diopped, 

boiled  and  eaten  with  the  sta])le  fnod  niai/e, 
beans  or  sorghum,  in  Uganda  people  may  add 
sesame  (Seaamum  radialum  Schumadi.  & 
Thonn.)  or  groundnut  paste.  Due  to  its  slightly 


Crotalaria  ochroleuca  -  wild 
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bitter  taste,  most  people  cook  it  with  other 
vegetables  such  as  amaranth,  con'pea  or 
pumpkin  leaves,  or  alternatively  with  milk. 
Some  tribes  also  omsume  young  [kkIs  and 
flowers  in  soups,  but  people  are  careful  about 
the  latter  use  since  drowsiness  occurs  when 
nnwcis  iiro  eaten  in  <iu;intity.  Dried  flowers 
retain  their  special  flavour  a  long  time  and  are 
used  as  a  condiment  for  soups. 
Rattlepod  is  used  as  livestock  fodder  and  seeds 
fire  fed  to  poultry  Oaro  should  be  taken  not  to 
use  too  much  because  the  seeds  contam  slow- 
acting  pyrrolizidine  alkaloids  that  may  cause 
damage  to  lungs  and  livi-r  CrotahiHo  orliro- 
leuca  has  the  capacity  to  iix  atmospheric  nitro- 
gen by  bacteria  in  the  root  nodules.  Like  the 
common  aunnhemp  (Crotakuia  juncea  L.)  it  is 
used  as  a  green  manure  in  crops  or  fallms  s  luit 
ihis  use  IS  rare.  In  Sudan  its  fibre  is  used  lo 
make  nets.  A  recent  use  for  rattlepod  is  as  an 

agent  to  promotr-  the  germinnlinn  of  Sfrifin  n 
parasitic  plant  that  is  a  major  concern  for 
maize  and  millet  growers  in  Africa.  In  the 
presence  of  Cwtalaria,  Striga  germniates  and 
it  wdl  subsequently  die  due  to  tlic  hu  k  of  a 
suitable  host  plant.  Crolalariu  ochioleiica  is 
also  known  to  suppress  Mehidogyne  root-knot 

nematode  populations  and  is  locally  used  by 
East  African  farmers  either  in  crop  rotations  or 
as  a  companion  crop  with  nematode-susoeptible 
vegetables  such  as  tomatoes.  The  leaves  are 
used  by  the  Ti%-  people  in  N'ijTerin  as  a  treat- 
ment for  yellow  fever,  in  Sierra  Leone  they  are 
applied  to  sore  feet.  Oil  extracted  from  the 
s<><'d<  I-'  ins<'cr  r'-pf!lcn1 

Production  and  iuteruataooal  trade  Few 
statistical  data  are  available.  In  Kenya  and 
l%anda  th(^  cultivated  area  is  approximately 
3000— ■i(H)0  ha,  mainly  as  a  home  parden  ei'op. 
All  trade  is  through  local  or  regional  markets 
and  international  trade  is  limited  to  local  cross" 

bordiT  t  r.-'.ili' 

Properties  The  composition  of  Crolalaria 
ochfxjlatea  per  100  g  edible  portion  is:  water 
74.5  g,  protein  8.8  g.  Ca  222  :tij  0,8  mg 
(Leung.  W.-T.W.  Busson,  F.  &  -Jardin.  r.. 
19ti8).  The  composition  is  comparable  to  other 
dark  green  leaf  vegetables,  except  that  the  dry 
matter  content  is  hipber  than  avernpo.  An.ily- 
ses  in  Kenya  gave  per  100  g  fresh  weight;  pro- 
tein 4.2-4.9  g,  Ca  270  mg,  Fe  4  mg,  p-carotene 
2.9-8.7  mg.  ascxjibic  acid  116-129  mg  (Scfa^- 
pers,  R.R.,  2000).  The  bitterness  in  the  loaves 
is  caused  by  the  pi-esence  of  toxms  such  as  pyr- 
rolizidine alkaloids,  diterpenes  and  phenolic 
compounds. 


Adulterations  and  substitutes  Croiakma 
ochroleuca  can  be  replaced  in  dishes  b}-  the 
more  bitter  tasting  Crolalaria  bivvi'deiis 
ncnth.,  which  is  especially  liked  by  ("Idcrly 
people,  or  other  Crolalaria  species.  As  mulch 
plant  and  green  manure,  it  can  be  replaced  by 
("rotuhiriii  jinivcd. 

Description  Erect  much-branched  annual 
or  short-lived  perennial  herb  up  to  2.6  m  tall; 
branches  a.sccnding,  with  short  appresaed 
hairs.  Leaves  alternate,  .'^-foliolal  c;  stipules 
absent;  petiole  i-6.5  cm  long;  leaflets  linear  to 
lanceolate  or  elliptical-lanceolate,  5-13(— 18)  cm 
X  0.5-.3  cm.  appri'sscd  puberulous  below.  Inflo- 
rescence a  terminal  raceme  up  to  50  cm  long, 
many-flowered;  bracts  linear  to  subulate,  2-4 
mm  long.  Flowers  bisexual,  zj'gomorphic,  5- 
merous:  cal>  x  (1-8  mm  long,  becoming  truncate 
at  base,  deflexed  against  the  pedicel,  glabrous, 
lobes  usually  shorter  than  tube;  corolla  cream- 

isb  or  ]ialo  yellow,  with  ovate  standard  \  eine(l 
reddish  or  maroon,  wings  usually  shorter  than 
keel,  keel  with  a  long  beak,  up  to  2(-2.3)  cm 
long;  stamens  10,  all  joined  m  a  sheath  open  at 

base:  ovary  superior.  l-celied  style  curved, 
stigma  small.  Fruit  a  broadly  ( \  Imdrical  pod 


Crntalaria  nchrohvica     1,  flowering  ond  fruit- 

ing  twig;  2,  flower;  3,  seed. 

Redrawn  <md  adtipted  by  Aehmad  Satiri  Nur- 

hamcui 
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(4— )5-7  cm  X  (1—)  1.5-2  cm,  oppressed  puberu- 
lou8,  black  when  dry,  many*seeded.  Seeds 
oblique-cordiform,  c.  3.6  mm  long,  smooth,  pale 
yellow  to  orange. 

Other  botanical  information  Crolalaria 
oomprises  about  600  species  and  occurs 
throughout  the  tropicf^.  Africa  is  by  far  richest 
with  approximately  500  species.  Besides  the 
cultivated  Crotalaria  oehroleuca,  Crotalaria 
brevidena  and  Crolalaria  iiatcdUia  Meisn.,  sev- 
ernl  wild  Crnlalaria  spocios  nrc  orr.isionally 
collected  as  potherbs,  e.g.  Crolalario  aiilhyllop' 
ais  Welw.  ex  Baker,  Crotalaria  eephalotea 
Steud.  ex  A.Rich..  CrolaUtrui  cleoini folia  Weiw. 
ex  Baker,  Crolalaria  (lorida  VVelw.  ex  Baker 
and  Crotalaria  amegalmaijt  (Pers.)  Bade  ex 
DC, 

('mlaliiria  ochrolt'iica  ih  closely  related  to  Cro- 
talaria brevidena  and  information  cannot  al- 
ways be  attributed  to  either  one  of  them  with 

C('i-(riint y.  Crotalaria  orhrnleura  c.nn  hesl  be 
distinguished  by  the  colour  of  the  flower  (pale 
yellow  or  creamish  vs.  usuallx  bright  yellow  in 
Crolalaria  hrcvideiis),  the  calyx  (glabrous  vs. 
often  puberulous).  and  the  fruit  diameter  ((1— 
)  1.5—2  cm  vs.  0.5—1  cm). 

Growth  and  development  The  seed  ger^ 
min.t((>s  in  I  days.  Early  growth  is  slow  and 
ii  may  lake  about  8  weeks  until  the  first  har- 
vest. The  plant  dies  after  about  6  months.  Cro- 
talaria ochrohvira  forms  root  nodules  with 
slow-sirow  ing  Bratlyrhiznbiiuii  bacteria. 

Ecology  Crotalaria  ochwleiica  is  mainly 
found  in  damp  grassland,  especially  in  flood- 
pl.iins  dei>ri'ssions  and  along  edges  of  swamps 
and  rivers,  but  also  in  deciduous  bushland, 
roadsides  and  fields.  It  grows  m  open  localities 
with  adequate  suoshmn  at  300-2000  m  alti- 
tude. It  is  favoured  by  warm  conditions,  and 
after  the  crop  is  well  established  and  has 
formed  long  taproots  and  long  lateral  roots,  it 
can  tolerate  rather  dry  conditions  In  East  ,\f- 
rica  Crolalaria  oehroleuca  has  become  quite 
rare  in  the  wild. 

Propagation  and  planting  The  lOOO-seed 
weight  is  about  g  Propagation  is  by  seed, 
w  hich  IS  sow  n  broadcast  or  in  rows  30  cm  apart 
at  a  seed  rate  of  4—6  kg/ha.  Thinning  is  done  S- 
8  weeks  after  sowing  to  n  spacing  of  10—20  cm 
X  10-20  cm,  depeudmg  on  both  soil  fertility 
and  moisture  level.  Under  dry  conditions,  the 
-fi  .riiit;  in.iy  be  up  to  30  cm  x  30  cm.  The 
thinm  d  malenal  can  be  used  as  the  first  har- 
vest. Wlien  grown  for  a  single  harvest,  4-5 
crt^s  per  year  can  be  grown,  but  most  farmers 
prefer  to  rotate  rattlepod  with  other  ctc^.  Rat- 


tlepod  as  a  vegetable  can  be  grown  as  a  sole 
crop  or  be  intercropped  with  finger  millet, 
m;ii/i'  kenaf  and  a  range  of  other  crops  that 
benefit  lVi>m  the  nitrogen-fixing  capacity  and 
suppression  of  the  nematode  population.  As  a 
mulch  crop  for  bananas,  coffee,  kenaC  maize  or 
sweet  ]iotato  it  is  sown  in  rows  in  between 
these  mam  crops.  When  grown  as  a  fallow  crop 
or  for  green  manure,  seed  is  broadcast. 
Management  Despite  its  niirog(>n-fixing 

capacity  rattlepod  responds  well  to  nitroge- 
nous fertilizers.  Application  of  farmyard  ma- 
nure at  a  rate  of  20  t/ha  is  recommended.  The 
crop  responds  well  to  irrigation  when  rainfall  is 
inadequate,  especially  at  the  early  stages. 

Dtaeftaea  and  peata  Pew  diseases  are  a 
threat  to  rattlepod.  Fusarium  wilt  and  to  a 
limited  extent  also  a  mosaic-like  virus  occur 
Under  very  humid  conditions,  the  whole  crop 
may  be  destroyed  by  a  disease  just  before  flow- 

ering.  The  causal  agent  of  this  disease^  has  not 
yet  been  identified;  it  is  probably  a  form  of 
downy  mildew.  Aphids  and  thrips  are  oilten 
observed,  but  rarely  cause  si  i  ioua  damage. 
During  fruit  development,  pod  Imrers  ma\'  en- 
ter and  interfere  with  seed  development.  The 
most  important  pod  borers  are  Helieoveipa 
ariiiigcra  and  Manira  t  it  rata.  The  hol(>s  in  the 
pods  will  allow  ram  to  enter  and  destroy  the 
seeds  further  through  rot.  Crotalaria  acts  as  a 
host  plant  for  these  pod  borers,  which  c.un  In  a 
serious  pest  of  beans,  tomatoes,  maize  and  cot- 
ton. Cuscula  snai  eolens  Ser.,  a  parasitic  plant 
that  forms  thread-like  masses  of  leafless 
branches  may  choke  the  crop.  This  South 
American  parasitic  plant  is  spreadmg  in  the 
West  Nile  region  of  both  Kenya  and  Uganda, 
where  rattlepod  is  cultivated. 

Harvesting  Rattlejiod  as  a  vegetable  can  be 
harvested  onoe-over  by  uprooting  just  before 
flowering  wh«i  the  stems  are  about  40  cm  tall 
and  8  weeks  old.  Most  farmers  use  this  method 
when  growing  rattlepod  as  a  catch  crop  be- 
tween other  crops.  Alternatively,  farmers  use 
the  thinnings  as  a  first  har\'est  after  about  6 
weeks  and  use  a  ratoon  system  from  there  on- 
wards. The  ratoon  system  involves  first  pluck- 
ing the  main  shoot  at  the  8-week  stage  and 
subsequent  harvesting  of  the  new  side  shoots. 
The  main  shoot  is  cut  10-15  cm  above  the 
ground,  with  at  least  3  leaves  lefl;.  New  side 
shoots  can  be  picked  again  after  2  weeks  and 
han'esting  can  take  place  up  to  times  if 
there  is  enough  ram  and  application  of  nitro- 
gen. Towards  the  dry  season,  no  further  shoots 
develop  and  people  may  pluck  the  remaining 
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leaves  before  abandoning  the  crop. 
If  sown  as  a  green  manure,  the  j'oung  ni  op  is 
incorporated  in  the  soil.  For  mulch,  tln'  plants 
are  uproot f-i]  or  cut  at  soil  level  and  placed  be- 
tween the  ci-op  rows. 

Yield  The  jrield  for  a  onoe-over  harvest  is 
about  10  t/liii  (1  ki;/m-')  A  i^ii'i'ii  rnnnure  crop 
yields  about  20  t/ha  I'resh  organic  matter. 

Handling  alter  harvest  Shoots  are  tied  in 
bundles  to  be  sold  fresh  Jit  the  market.  The 
product  is  ver\-  porishnhlo  nnd  is  thorofore 
expensive  in  cities  far  fi-om  the  production  ar- 
eas. Sprinkling  the  leaves  with  water  may  be 
detrimental  since  (hey  may  rot.  The  best  way 
to  retain  their  quahty  is  by  cooling  the  product 
wherever  feasible.  Bundles  should  be  loosely 
padced  in  bags,  not  tightly  like  most  other 
crops.  In  northern  T'^i'iida.  people  may  get  a 
substantial  income  from  the  diied  produce.  Sun 
drying  takes  3—4  days  during  the  dry  season 
and  ()-7  days  during  the  rainy  season  The 
dried  leaves  can  be  stored  for  up  to  6  months. 
Flowers  and  young  pods  are  plucked  and  dried 
separately  for  use  as  a  condiment. 

Genetic  resources  (jotalaria  ocfirolriica  is 
not  threatened  as  it  occurs  wild  virtually 
throughout  tropical  Africa. 

Breeding  So  far  raltlepod  hns  not  horn  jiaid 
mudl  attention  by  seed  companies  or  research 
Stations  and  improved  cultivars  have  not  been 
released. 

Prospects  Rattli  pixi  is  a  promising  dual- 
purpose  crop.  Besides  a  high  nutritional  value, 
it  has  great  advantages  such  as  its  repulsive- 
ness  to  nematodes  .•mt!  its  nitrofcjen-fixnit,'  abili- 
ties. There  is  some  concern  about  the  chemical 
compounds  present  in  this  crop,  making  it  a 
health  hazard  when  consumed  regularly.  The 
toxir  compounds  can  possibly  be  eliminated  by 
breeding.  Kattlepod  is  increasingly  in  demand 
as  a  traditional  vegetable  at  the  city  markets. 

Major  references  .\bayomi,  Y..\.  et  al., 
2001;  BurkiU.  H.M.,  1995;  Fischler,  M.,  Wort- 
mann,  C.S.  &  Peil,  B.,  1999;  Katende.  A.B., 
Ssegawa,  P.  &  Birnie,  A„  1999:  Maundu.  P.M.. 
Ngugi.  G.W  &  Kabuve  T.II.S..  1999:  Polhill, 
R.M.,  1982;  Schippers,  R.R.,  2000;  Uiso,  F.C.  & 
Johns,  T.,  1996b. 

Other  references  Kullaya,  I.K.,  Kilasara, 
M.  &  Aune,  J.B.,  1998;  Leung,  VV.-T.W.,  Bus- 
son,  P.  &  Jardin,  C,  1968;  Mkiwa,  F.E.J,  et  al., 
1991:  Salako.  F  K.,  Tian.  G.  &  Kang.  B.T., 
2002:  Tian,  G.  et  al,  2000;  Uiso,  F.C.  &  Johns, 
T.,  1996a. 

Sources  of  illustratioii  Polhill,  R.M.,  1982. 
Authors  R.R.  Schippers 


CUCUMEKOFSIS IVIANNII  Naudin 

Protologue  Ann.  Sd.  Nat.,  ser.  6,6:  30 

(1866). 
Family  Cucurbitaceae 
Chromosome  number  2it  =  22 

Synonyms  Cueumeropaia  eduUa  (Hook.f.) 

Cogn.  (1881). 

Vernacular  names  Egusi-itoo,  white  seed 
melon,  dark  egusi  (En).  Egousi-itoo,  ^gousi, 

gousi  (Fr).  Lipupu  (Po). 

Origin  and  geographic  distribution  Egusi- 
itoo  occurs  wild  from  Guinea  Bissau  east  to 

southern  Sudan  and  L^ganda.  and  south  to 
Angola.  It  is  mostly'  cultivated  in  West  Africa, 
especially  in  Nigeria,  but  occasionally  also 
elsewhere,  e.g.  in  ("ote  d'lvoire.  Cameroon  and 
the  Central  Alruan  Republic.  Egusi-itoo  used 
to  be  verj'  important  as  a  seed  vegetable  in 
West  Africa  and  parts  of  Central  Africa  at  a 

time  when  there  was  plenty  of  forest  to  prac- 
tise shifting  cultivation.  Now  it  is  in  strong 
decline,  being  replaced  by  egusi  melon  (CitmU 
lus  lanatus  (Thunb.)  Matsum.  &  Nakai). 

Uses  Egusi-itoo  is  mainly  grown  for  its  oily 
seed.  The  seeds  are  prepared  i'ur  consumption 
by  parching  and  pounding  to  free  the  kernels  of 

the  seedmni  The  l-:ernels  are  milled  into  a 
whitish  paste  which  is  used  m  soups  and 
Stews.  The  seeds  (including  seedcoat)  are  also 
roasted  and  served  as  a  snack.  They  resemble 

groundnut  in  flavour 

An  expensive  semi-drying  oil  is  extracted  from 
the  kernel,  whereas  the  residue  is  fed  to  ani- 
mals or  used  in  the  preparation  of  local  snacks. 
The  oil  is  suitable  for  cookmg,  soap  makmg 
and,  less  commonly,  iUtmiination.  It  can  read- 
ily be  refined  into  superior  products  for  table 


Cueumeropaia  ntatmii  -  wild  atid  planted 
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use.  It.  is  of  better  quality  and  higher  value 
than  cottonseed  oil.  The  flesh  of  the  fruit, 
though  etlible.  is  not  commonly  eaten. 
In  Ghiinu  ihv  fiuii  juio-  mixed  with  uthfi-  in- 
gredients is  applied  to  the  navel  of  newborn 
babies  to  accelerate  the  healing  process  until 
the  cord-relics  drop  off.  Macerated  leaves  ,ire 
used  in  Gabon  for  purging  constipated  suckling 
babies.  In  Sierra  Leone  cattle  hoyu  tradition- 
ally use  the  dried  fruit -sh(  II  of  an  egusi-itoo 
type  with  small  elongated  fruits  as  a  warning 
horn. 

Prodnetioii  and  intnmatioiial  trade  Egusi- 

itoo  is  regarded  as  the  originMl  indigenous 
egusi  melon  in  West  and  Central  Airica  and 
the  seed  can  be  found  in  moat  maikets  in  the 
region,  In  Xitierui  the  demand  for  the  seeds, 
particularly  in  the  towns,  led  to  large-scale 
planting.  Although  its  production  is  declming, 
egusi-itoo  still  is  a  common  article  in  the  mar- 
ket s  The  frnde  is  mostly  lornl.  Kxpert  ixc-iirs 
from  Cote  d'lvoire  to  Nigeria,  but  tlie  quanti- 
ties involved  are  not  reported. 

Properties  The  nutritional  composition  of 
egusi-itoo  seed  per  100  g  is:  water  8.3  g,  energj'^ 
2282  kJ  (o4o  kcal),  protem  2G.2  g,  fat  47.3  g, 
carbohydrate  14.2  g,  fibre  4.0  g,  Ca  86  mg 
O-eung.  W.-T.VV.,  Busson  F  &  Jnrdin,  C, 
1908).  The  seeds  are  rich  in  niacin  (14.3 
mg/ioo  g).  The  oil  content  of  the  kernel  is  44% 
by  weight.  A  sample  of  egusi-itoo  seed  oil  from 
Coto  d  l voire  consisted  of  linoleic  arid  (>  I  9%, 
oleic  acid  12.4%,  stearic  acid  11.8%  and 
palmitic  acid  10.9%. 

Adulteration  and  siibstitut«s  Egusi-itoo  is 
replaced  m  many  regions  by  egusi  melon 
iCitruUua  lanaiua). 

Description  Monoecious  scandent  herb  up 
to  ."if-in)  TTi  long,  climbing  by  simple  tendrils; 
stem  angulai',  sparsely  hairj*.  Leaves  alternate, 
simple;  stipules  absent;  petiole  2-12(-15)  cm 
long  initi.nlly  b.nity  but  glnbre.sront ;  blade 
broadlj'  ovate  in  outlme,  (6-)9-18(-21)  cm  x  7- 
15(-21)  cm,  deeply  cordate  at  base,  pentagonal 
III  palmately  3-^lobed  with  triangular  to  ovate 
lobes,  margin  sinuate-tod b(  <l  sparsely  hairy 
on  the  vems,  scabnd-punclale,  palmately 
veined.  Flowers  unisexual,  regular,  6-merous, 

yellow  ralyx  rnmpnmilnte  lobes  up  to  (>  mm  x 
1.5  mm;  corolla  with  lobes  shortly  united  at 
base;  male  flowers  in  an  axillary  raceme,  often 
uinheMike,  pedicel  up  to  2  cm  long,  corolla 
hilx  s  up  to  7  mm  x  .t  mm,  with  .'i  free  stamens 
almost  lacking  filaments;  female  flowers  soli- 
tary in  leaf  axils,  pedicel  up  to  6  cm  long,  co- 
rolla lobes  up  to  11  mm  x  6  mm,  with  inferior, 


Oteumeroptis  mannii  -  1,  part  of  flowering 

sldu:  2,  fruit;  .7,  .hppcIs. 

Redrawn  and  adapted  by  iskak  Syamaudin 

fusiform.  1 -relied  ovary,  style  columnar,  stig- 
mas 3,  2-lobed.  Fruit  an  ellipsoid  le  nbovoid 
berry  17-25  cm  x  8-18  cm,  green  to  pale  yellow 
or  creamy  white,  mottled,  glossy,  flesh  white, 
many-seeded  Seeds  obovate,  flattened,  1—2  cm 
X  0.6—1  cm,  smooth,  white.  Seedling  with 
epigeal  germination:  cotyledons  leafy,  ellipti- 
cal. 

Other  botanical  information  Ciiaimprnp- 
sis  comprises  a  single  species.  It  belongs  to  the 
tribe  Melothriemf,  together  with  QteumU. 

Growth  and  development  In  West  .Xfrira 
egusi-itoo  is  usually  planted  in  March-May  at 
the  start  of  the  rainy  season  and  harvested  6-8 
months  later  (September-December).  The  crop 
requires  support  and  is  fommonl\  found  at  the 
edge  of  gardens,  climbing  into  shrubs  or  trees. 
When  grown  in  shifting  cultivation,  debris  left 

after  burnint:  serves  as  support.  EgUSi-itoo 
does  not  do  well  m  the  open  or  on  flat  land. 

EcM>Iogy  Egusi-itoo  occurs  in  forest,  often  at 
the  margin  or  in  opening!^  but  also  in  swamp 
forest  more  humid  savanna  and  abandoned 
fields,  up  to  1150  m  altitude. 

Propagation  and  planting  At  the  begin- 
ning of  the  rainy  season  3-4  seeds  per  hole  are 
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sown.  The  1000-sccd  weight  is  (15()-)22()-250 
g.  Seedlings  usually  nppear  within  6-8  days. 
E!gum-itoo  is  often  grown  between  other  cn^s, 
growing'  on  !^t)ikes  ;ilonsj  u  ith  ynm  or  supported 
by  a  strong  treUisofat  least  1  m  tall. 

Management  Egusi-itoo  is  still  mainly  col- 
lected from  wild  stands,  which  iue  often  re- 
tained when  clearing  fields.  In  cult i\nt ion  it 
requires  a  soil  rich  in  manure  or  pui  iuilly  de< 
compoRed  organic  matter.  Application  of  X  and 
K  fortili/or  rnn  inrroaso  yields  considerably, 
but  1'  fertilizer  has  shown  Utile  effect. 

Diseases  and  pests  In  Nigeria  a  severe 
damping-ofT  disease  caused  Ity  Marroplininiiia 
piiaaeoUiia  has  been  reported.  The  fruits  are 
sometimes  att^ked  by  the  fruit  fly  Daeus 
punctifrona.  The  larvae  develop  in  the  fruit  and 
eventually  cause  rot  Fruit  flies  attack  fruits  at 
everj'  stage  of  development  and  can  severely 
affect  production.  The  pupae  are  found  in  the 
soil  and  if  is  then  foro  ndvisfd  not  to  plant  in 
the  same  field  the  following  year.  The  aphid- 
like flea  hopper  Halticus  tibialis  may  suck  sap 
from  the  leaves;  young  leaves  become  wrinkled, 
older  ones  become  swollen  around  the  sucking 
holes  and  later  die.  Several  other  pests  attack- 
ing cucuihits  are  also  found  on  egusi-itoo. 
Rp<>d  of  i  <;iisi-ito(j  stored  in  open  jars  may  he 
seriously  damaged  by  beetles  within  a  few 
wedcs  of  storage:  these  have  been  identified  as 

Triboleum  castniifu  in  and  L<isi<uh'iiiui  sm-i- 
come,  and  are  also  tunnfl  in  linctl  ukrn  iAlwI- 
moachus  spp.)  and  roselle  (Hibisais  sabJan/fa 
L.)  fruits. 

Harvesting  Fruits  are  collected  when  the 
st^ns  have  dried  and  fruits  ha\  e  changed  col- 
our from  green  to  creamy  white  or  yellow. 

Yield  Under  extensive  management,  where 
egusi-itoo  is  planted  around  remaining  trunks 
of  trees,  seed  yield  is  about  300  kg/ha,  In  more 
intensive  cropping  systems,  where  land  has 
been  cleared  and  hiirnt  heforo  ciilti\-atinn,  it 
may  reach  900  kg/ha,  A  plant  usually  produces 
2-5  fruits:  each  fruit  weighs  0.8—1.8  kg  and 
contains  90-100  seeds  (up  to  100  g). 

Handling  after  harvest  After  collection, 
fruils  are  cracked  or  split  open;  they  are  then 
placed  in  a  heap  or  pit  and  are  left  for  14-20 
days  to  let  the  fruit  pulp  rot.  During  this  period 
a  strong  pungent  smell  is  produced  and  this 
explains  why  seed  extraction  takes  place  at  a 
distance  from  the  homestead,  Then  the  seeds 
are  removed  and  thoroughly  washed  to  remove 
thick  mucilage  covering  them,  ne.xt  they  are 
covered  with  sand  or  ash  to  prevent  sticking, 
which  would  make  hulling  difficult.  The  seeds 


are  dried  to  about  10%  moisture  content  before 
packing.  Packaging  must  be  thorough  and 
packs  must  be  stored  away  from  moisture,  as 
seeds  otherwise  may  germinate,  I  Killing  is 
facilitated  by  heating  to  60*C.  The  weight  of 
decorticated  seed  is  about  60%  of  the  whole  dry 
seed.  The  kernels  are  milled  and  used  as  a 
vegetable  or  for  producmg  vegetable  oil  for 
domestic  use.  Processing  the  seed  of  egusi-itoo 
is  time  consuming  and  labour  intensive;  this  is 
one  of  the  reasons  why  it  has  been  partly  re- 
placed by  egusi  melon. 

Genetie  resources  Germplasm  of  several 
Cueurbituceae  species  used  as  seed  vegetable, 
including  Cucumeropsis  maimii,  is  being  main- 
tained at  the  genebank  of  the  National  Caitre 
for  Genetic  liesources  and  Biodiversiiy 
(XArCRAB).  Ibadan.  Nigeria. 

Prospects  Unless  the  seed  yield  of  egusi- 
itoo  can  be  increased  and  its  crop  management 

and  seed  processing  can  he  simplified  it  seems 
likely  that  its  replacement  by  cult  n  u  s  nj"  egusi 
melon  will  continue,  although  sjm  i  i.ihy  mar- 
kets may  develqp. 

Major  references  Adewusi,  11. G,  et  al.. 
2000;  BurkiU,  II.M.,  1985;  Eyo,  S.E.,  Ilomme, 
H.  ft  Aber,  H.,  1981;  Jeffrey,  C,  1967;  Leung, 
W.-T.W.,  Russon,  F.  &  Jardin,  C,  V.WH  Sa- 
rumi,  M-B.  et  al.,  2002;  Schippers,  R.R.,  2002a; 
Stevels,  J.M.C.,  1990;  van  Epenhuijsen,  C.W., 
HIT! 

Other  references  .Xdi  bdwali-  K.O.  ;\debo- 
wale,  Y.A.  &  Nicholson,  G.,  2002;  Bates,  D.M., 
Robinson,  R.W.  ft  Jeffirey,  C,  1990;  Busson,  F., 
19nr,:  Dalziel.  M.  ni:!7;  Kapseu,  C  &  Par- 
mentier,  M.,  1997;  Keraudren-Aymonin,  M, 
1978:  Ladipo,  D.O.  et  al.,  1999;  Raponda- 
V,  :ill;.-r.  A.  &  Sillans.  R.,  1901. 

Sources  of  illustration  Jeffirey,  C,  1967; 
Stevels,  J.M.C.,  1990. 

Authors  J.K.  Egunjobi  ft  A.A.  Adebisi 


GUCUMIS  AFRICANUS  L.f. 

Protologue  SuppI  pi.:  423  (1781). 
Family  L'ucurbitaceae 
Chromosonie  nnmber  2n  s  24 

Synonyms  C' tinnuis  huol-rri  N'audin  (1870). 

Origin  and  geographic  distribution  Cucit- 
mis  afrieanus  occurs  in  Angola,  Namibia,  Bot- 
swana and  South  Africa.  It  is  also  found  in 
.Madagascar,  where  it  probably  has  be^  intro- 
duced. 

Uses  The  leaves  of  Cucumia  afrieanus  are 
eatoi  as  a  cooked  vegetable  by  many  tribes  in 
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its  area  of  origiri.  Non-bitter  fruits  serve  ns  a 
source  of  water  and  are  eaten  as  a  Vf^jelable. 
In  Madagascar  only  the  fruits  are  eaten. 

Properties  The  letives  contain  per  100  g: 
water  92.2  g,  protein  1.3  g,  fat  0.3  g,  carbohy- 
drate 3.4  g,  fibre  1.2  g,  Ca  216  mg,  Mg  175  mg, 
P  11  niK  I'*'  12  mg.  thi;imin  0.02  mg,  riboflavin 
0.11  mg,  niacin  0.34  mg  and  ascorbic  acid  81 
mg.  The  fruits  contain  per  100  g:  water  88.2  g, 
protein  2.8  g,  fat  l.H  g,  carbohydrate  3.3  g,  fibre 
2.n  p  Cn  13  mg  Mg  2!)  mg.  P  20  mg.  Fe  1.1  mg 
thiamm  0.2  mg,  riboflavin  0.03  mg,  niacin  0.81 
mg  and  ascorbic  acid  13  mg  (Arnold,  T.H., 
Wells.  M.J.  &  Wehmeyer.  A.S..  1985). 
Plants  with  non-bitter,  large  and  oblong  fruits 
occur  wild  in  Angola,  Namibia  and  South  Af- 
ric«.  The  smaller,  ellipsoid  fruits  found  in  other 
Ciivuiiiis  ufricaiiiis  types  are  bitter  |i<issibly 
poisonous  and  unsuitable  for  consumption.  A 
third  type,  intermediate  in  taste  and  shape, 
seems  to  exist  ns  well 

The  fruit  of  Cucumis  afiiccuuis  contains  con- 
siderable amounts  of  cucuifoitacin  A,  B  and  D 
and  traces  of  cucuibitadn  G  and  H.  Cucurbi- 
tacins  which  are  known  from  many  ('iicttrbita- 
ceae  and  various  other  plant  species,  exhibit 
cytotoxicity  (including  antitumour  activity), 

anf  i-inflammnlnrv  anil  ,in,il<iesie  nctivilies. 

Botany  Annual,  monoecious,  prostrate  or 
scandent  herb,  sometimes  with  woody,  thick- 
ened rnnts,  stems  up  to  1  m  long;  tendrils  sim- 
ple. Leaves  nlttM'nafe  simple'  stipules  absent; 
petiole  1-1.0  cm  long;  blade  ovate,  deeply  pal- 
mately  (3-)6-lobed,  1.6-8.2  cm  x  1.8-7  cm,  cor- 
date at  base,  lubes  elliptical,  hrojidly  elliptie;d 
to  ovate-elliptical.  Flowers  unise.vual,  regular, 
6-merous;  receptacle  3^  mm  long;  sepals  1.5-3 
mm  Innu'  petals  bright  yellow,  5—11  mm  long; 
male  Howers  !-.">  together  in  small  fasrirles 
with  pedicel  up  to  1  cm  long,  stamens  3;  female 
flowers  solitary,  with  pedicel  1-4  cm  long, 
(n.Mv  "Tforior  densely  softly  spiny.  Fruit  an 
ellipsoid  to  oblong-ellipsoid  berry  3-9  cm  x  2- 

4.5  cm,  when  ripe  strongly  longitudinally 
striped  pale  greenish-white  and  puiplish- 
brown.  with  spines  ;^-<5  mm  long;  fruit  stalk  2- 

4.6  cm  long,  slender,  nut  expanded  upwards. 
Seeds  ellipsoid  compressed,  4—7  mm  x  2-3.8 
mm  '  1-1  2  mm 

The  genus  Cucumi^  includes  about  30  species, 
4  of  which  are  economically  important:  cucum- 
ber (Cucumis  aatious  L.),  melon  and  snake 
cucumber  (Curiimis  wcln  L.),  West  Indian 
gherkm  (Cucumis  cmgiirkt  L.)  and  horned 
melon  (Cucumis  ineluliferus  Naudin).  Cucumia 
afriemma  is  placed  in  the  'anguria'  group  of  the 


subgenus  Melo.  Literature,  especially  the  older 
literature,  should  be  interpreted  with  caution 
as  other  Cucumis  species  have  often  been  mis- 
identifieJ  as  Cucitiiiis  <ifiica>iits. 
In  Madagascar  dtcumis  africatiua  flowers  from 
Januaiy  to  June. 

Ecology  Ciiciiniis  afjieaniis  o<x-urs  in  dry 
bushland.  In  Madagascar  it  is  restricted  to 
areas  close  to  habitation. 

Management  lv«'aves  and  fruits  are  col- 
leeted  from  the  wild.  In  Madagascar  the  fruits 
are  collected  from  scmi-w  ild  plants. 

G-enetie  resources  and  breeding  Cueumia 
africamts  is  not  uiieonnnon  in  its  urea  of  origin 
and  hence  is  not  threatened  with  genetic  ero- 
si(m  or  extinction.  Cucumis  afneanua  germ- 
plasm  is  stored  in  the  United  States,  United 
Kingdom,  the  Czeeh  Republie  and  Spain. 
Within  the  anguna  group  of  about  16  spiny- 
fruited  Cucumis  species  to  which  Cucumis  on- 

fiiin'a  belongs  as  well,  there  seem  to  he  no  ma- 
jor barriers  to  gene  exchange.  Several  inter- 
specific crosses  have  been  made  in  this  group. 
An  intermediate  response  to  I  >v  iiv  mildew 
iPm'udopcroiinsponj  riihi'usis)  has  be^  re- 
ported for  Cucumis  ajiicanus. 
Prospects  In  southern  Africa  Cucumis  afri- 

caiiii.s  is  rc)nsi(ler(Ml  to  ha\'e  ])olen(i.'d  for  do- 
mestication. The  variation  within  the  species 
will  allow  successful  breeding  and  selection. 
Breeders'  interest  will  focus  on  disease  resis- 
tance within  the  scope  of  gene  transfer  to  the 
economically  important  Cucumis  species. 

Mf^r  referenees  Arnold,  T.H.,  Wells,  M.J. 
&  Wehnuwr  A.S.  198.'"i:  Jeffrey.  C.,  1978; 
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19(52. 
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Sdiippers,  R.R.,  2000;  Staub,  J.E.  &  Pahner, 
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Cucumis  anguria  L. 
Protologae  Sp.  pi.  2: 1011  (1753). 

Family  Cueurbitaeeae 

Chromosome  number  2n  =  24 

Synonyms  Cucumis  longipea  Hook.f.  (1871). 

Vernacular  nam&m  West  Indian  gherkin, 
bur  cucumber,  goosebern.'  gourd  (Rn)  Concom- 
bre  antillais,  comichon  des  Antilles,  ti- 
concombre,  madssis  (Fr).  Pepino  das  Antilhas^ 
comichio  das  Antilla%  machicfae,  maxix^  (Po). 
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C^cumu  anuria  -  wiU  aitti  planted 
Origin  and  geographic  disteflmtion  Cucu- 

mis  aiifiurin  is  of  Africnn  origin  nncl  it  ocrurs 
wild  in  East  and  southern  Africa.  It  has  bitter 
fruits,  but  occasionally  non-bitter  Xypes  occur. 
Seeds  were  taken  to  the  Amt  iK  jis  \N  ith  the 
shu'c  tnide.  where  the  cuUivated  West  Indiiin 
gherkin  was  developed.  This  edible,  non-bilLer 
type  spread  throu^  the  Caribbean,  parts  of 
Tjitin  AiTKM'ir-ri  nnd  lh(^  southern  1 'nil od  States. 
It  can  now  be  found  in  a  semi-wild  state  as  an 
escape  from  cultivation,  and  in  some  cases  it 
appears  to  be  an  element  of  the  indigenous 
flora.  It  is  nn  invnsivo  wood  in  parts  of  North 
America  and  m  Australia,  and  a  serious  weed 
in  peanut  fields  of  the  southern  United  States. 
The  non-bitter  edible  form  was  rointroduccd 
into  Africa  (e.g.  Cape  Verde,  Senegal,  Sierra 
Leone,  DR  Congo,  Reunion,  Madagascar,  South 
.Africa),  where  it  is  grown  for  its  fruitsi.  In 
Mndafinsrar  Cuciimis  niif>7iria  is  pi-obably  not 
originally  wild,  but  natui'ahzed  because  it  is 
localised  around  human  habitatkms. 

Uses  The  leaves  of  bitter  forms  of  Ciininii.i 
atigiiria  are  cooked  and  eaten,  in  the  same 
manner  as  pumpkin  leaves  {Cueurhita  spp.).  In 
Ruwangwe,  Zimbabwe,  it  is  known  as  nuibvo- 
roro'  and  used  to  firopnre  a  special  dish  for  the 
father  of  the  household.  In  Namibia,  it  la  one  of 
a  range  of  edible  wild  greens,  whidb  are  dried 
info  rakes  and  stored  for  use  diirinp  the  drj- 
season.  Elsewhere  in  Africa  the  non-bitter  form 
is  cultivated  for  its  fruits.  It  is  recorded  near 
Thies  (Soi^^),  where  the  immature  fruits  are 
pickled  green.  In  South  i\frica  the  fruits  are 
eaten  both  fresh  and  dried. 
In  the  New  World,  West  Indian  gherkin  refers 
to  the  cultivated  non-bitter  form,  a  favourite 


pickle  since  the  17'*'  centuiy  and  sometimes 
eaten  fresh.  Fruits  are  also  relatively  common 
as  a  table  vegetable  and  they  are  used  in  soups 
and  stews.  In  Brazil  the  mature  fruits  are 
cooked  as  the  main  mgredient  of  a  traditional 
soup  called  'maxixada'.  Immature  fruit  are 
used  as  fresh  cucumbers. 

Bitter  forms  of  Cucumia  oliguria  are  some- 
times used  in  Zimbabwe  as  a  natural  pesticide 
in  stored  crops.  The  juic<'  of  the  fruit  is  rt^port- 
cdlj'  used  as  an  antifeednnt  in  pranari(^s.  In 
Matabeleland  (Zimbabwe)  the  fi-uil  is  used  as  a 
lure  in  rode  and  stick  traps.  Medicinal  uses  are 
reported  from  Tanzania  where  an  enema  of  the 
wild  plant  is  used  to  treat  stomach  pam.  In 
Zimbabwe  traditifmal  medical  practitioners 
consider  the  bitter  fruit  as  poisonous  and  the 
juice  of  the  fruit  is  used  to  treat  septic  wounds 
in  livestock.  In  America,  medicinal  uses  are 
varied,  including  root  decoctions  as  a  remedy 
for  stomach  trouble  in  Mexico,  and  to  rerhire 
oedema  in  Cuba.  The  fruit  is  eaten  to  treat 
jaundice  in  Curasao,  and  leaf  juice  prepara- 
tions are  apphed  to  freckles  in  Cuba.  Kidney 
problems  are  treated  with  a  decoction  in  Co- 
lombia, where  it  is  believed  that  the  fruits 
eaten  raw  dissolve  kidney  stones.  The  fruit  is 

applied  to  h.i'  mnrrhoids  in  Cuba,  and  the 
leaves  after  bemg  steeped  in  vmegar  are  used 
against  ringworm. 

Ptodnction  and  international  trade  Cuai  - 
iiii.i  niisrtirin  as  a  leafy  vegetable  is  collected 
from  the  wild  or  grown  on  a  small  scale  in 
southern  Africa,  but  no  data  on  its  production 

or  trade  are  available,  The  cultivation  of  Cti- 
cuinia  aiiguria  for  non-bitter  young  fruits  is 
also  practised  on  a  small  scale  only.  In  the  New 
World,  where  it  is  alway.s  cultivated  for  its  im- 
mature fi-uits,  it  is  al.so  of  minor  importance 
and  m  statistics  is  combined  with  pickling  cu- 
cumber (Cucumis  saiivus  L.). 

Properties  The  nutrient  composition  of  the 
fresh  fruit  of  West  Indian  gherkm  per  100  g 
edible  portion  is:  water  93  g,  energy  71  kJ  (17 
kcal),  protein  1.1  g.  fat  0.1-0.5  g.  total  sugar 
1.9-2.5  g,  starch  0.3-0  1  a.  (\i  2."-27  mg.  P  33- 
34  rag,  Fe  0.6  mg,  vitamin  A  200-325  lU, 
thiamin  0.06-0.15  mg,  riboflavin  0.40  mg,  nia- 
cin 0..'^— 0.5  mg  ascorbic  acid  48—54 
(Whitaker  &  Davis,  1962).  No  data  are  re- 
ported on  the  composition  of  the  leaves,  but 
this  is  probably  similar  to  other  East  African 
dark  green  leafy  vegetables  The  seed  oil  of 
fruits  of  the  wild  bitter  form  is  composed  of 
palmitic,  stearic,  oleic,  linoleic  and  linol^ic 
adds. 
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Many  cucurbits  have  both  bitter  and  non-bitter 
forms  within  the  same  species.  In  the  bitter 
forms  of  Cucumh  angitria,  the  bitterness  in- 
creases oinsiil<Tal)ly  ns  the  fruit  ripens.  The 
bitter  principles,  known  as  cucurbitacins,  are 
tetracydic  triterpenoids.  Cucurbitadns  are 
amongst  the  most  bitter  substMnces  known  and 
are  extremely  toxic  to  mammals.  In  Cucumis 
cutguria  the  main  bitter  principle  is  cucurbi- 
taoin  B  (CajH^sOs)  with  a  much  smaller 
nmouni  of  rururbitnrin  D  (i  V  iTIi.  O-)  nnd  traces 
of  cucurbitacms  G  and  H.  Toxicity  studies 
showed  the  juioe  of  the  fruits  to  be  highty  toxic 
to  rats  (LDvi  1.6  mg/kg),  The  toxicity  is  re- 
ported to  be  reduced  more  than  100-ibld  it'  the 
juioe  is  first  boiled.  Studies  on  the  larviddal 
activity  of  aqueous,  ethanolic  and  citric  acid 
extracts  from  (^tcinnis  aiii{iin\i  on  Ai'des  ae- 
gypti,  the  yellow  fever  and  dengue  fever  mos- 
quito, showed  that  concentrations  of  0.5  mgAnl 
nftor  24-hnur  oxposure  caused  larval  mortali- 
ties of  up  to  40%. 

Descriptioii  Annual  monoecious  heri)  with 
trailing  or  scandent  stems,  having  solitary, 
simple,  setose  tendrils  3-<j  cm  long;  stems 
grooved,  with  bristle-like  hairs,  leaves  alter- 


Cueumia  <mguria  -  1,  part  of  flou  ering  stem;  2, 
fruit  of  wild  plant;  3^  fruit  ofeultivcOed  plant. 
Redrawn  and  adapted  by  lakak  Syamaidm 


nate,  simple;  stipules  absent;  petiole  (2-)6-13 
cm  long,  hispid  to  setose;  blade  broadly  ovate 
ill  nut  line  3-12  cm  x  2-12  cm.  shallowly  to 
<li'('I>ly  palnuitt'ly  ii-nf-TVlobcd.  with  inuictatc 
to  hispidulous  hairs  on  both  surfaces.  Flowers 
unisexual,  regular,  5-merous;  sepals  narrowly 
triangular.  1-3  mm  long:  petals  united  at  base, 
4-8  mm  long,  yellow;  male  flowers  m  2-10- 
flowered  fascicles,  with  pedicel  O.S-^  cm  long, 
stamens  3;  female  flowers  solitarj',  with  pedicel 
2—10  cm  long  nvnn-  iTifcrior,  ellipsoid,  7-9  mm 
long,  softly  spiny,  stigma  3-lobed.  Fruit  an  el- 
lipsoid to  subglobose  berty  3-4.5  cm  x  2-3.5 
cm.  on  a  stalk  2.5-21  cm  long  brset  with  soft, 
thm  spines  with  transparent  tips,  green,  ripen- 
ing yellow,  many-seeded.  Seeds  ellipsoid,  5-6 
mm  long,  compressed  with  rounded  margins, 
smooth. 

Other  boianleal  information  The  ap- 
proximately 30  Ctuumis  species  are  native  to 

.\fric.i  fxrcpl  the  ciiriimbcr  {C uciiiiiis  .saZ/rr/.s 
L.),  which  probably  originates  from  India.  WUd 
and  cultivated  t3^s  of  Cueumis  anffiria  differ 
in  bitterness  of  the  fruits  but  also  in  the  length 
of  fruit  spines  (longer  in  wild  forms).  Wild 
types  have  been  distinguished  as  var.  loiigipes 
(Hook.f.)  A^Meeuse  or  var.  UmgaeuUatus 
fl  H.Kii'kbr.,  ciiItivatiMl  ones  as  var  (Jiiffiiria. 
However,  plants  with  shorl-spmed  fruits  are 
often  naturalized  in  tropical  America  and 
rarely  in  Africa. 

Growth  and  development  In  its  native 
habitat  m  southern  Alricu  Cucuini^  anguna 
germinates  in  a  few  days  during  the  summer 
rains  when  night  temperatures  are  above  12°C 
and  the  soil  is  sufficiently  wet.  Early  growth  is 
upright;  the  primary  stem  may  reach  a  height 
of  20  em  and  does  not  produce  flowers.  This  is 
followed  quielsly  by  se\Tr.il  trailing  procumbent 
stems,  which  branch  off  from  the  base,  reach- 
ing a  Imgth  of  2-3  m.  Male  flowers  appear 

first,  followed  by  female  ones.  Plants  are  self- 
fertile  and  cross-pollination  is  by  insects. 
Daylength  plays  an  important  role  in  flower- 
ing. Longer  days  combined  with  high  tempera- 
tures tend  to  keep  [dants  in  the  male-llnw cring 
phase  of  development,  whereas  lower  tempera- 
tures and  Shorter  days  encourage  development 
of  female  flowers  Fruits  may  be  produced 
within  60  days  from  time  of  planting.  They 
continue  to  be  produced  and  to  ripen  over  the 
hot  season,  giving  up  to  50  fruits  per  stem. 
Fruits  remain  attached  to  the  withered  annual 
stems  long  after  these  have  died  back  at  the 
end  of  the  growing  season. 
Ecology  Wild  Cucumia  oiiguria  is  a  common 
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inhabitant  of  semi-deciduous  and  deciduous 
woodland,  tree  and  shrub  savanna,  grassland 
and  semi-dessert,  up  to  1500  m  altitude.  Wild 
;ui(l  scmi-domt'stic;itcd  form^  cim  I)e  fnund 
growmg  near  compounds,  m  woodland  and 
grassland,  often  on  abandoned  cultivated  land, 
nonr  cuttle  kraals^  or  occaaumally  as  a  weed  in 
cultivation. 

Plants  tolerate  a  wide  range  of  soil  types,  in- 
cluding Kalahari  sands  (regosols),  red  clays 
(fersiallitirs)  and  blrirl\  mtton  soils  Kcrt  isolsK 
In  its  southern  African  habitat  rainfall  occurs 
in  summer  and  varies  from  less  than  400  mm 
to  over  1000  mm  Ti  inperatures  during  the 
growing  season  range  from  15-35°C.  Cucumis 
anguria  is  intolerant  of  frosts  and  cold  tem- 
peratures. 

Propagation  and  planting  West  Indian 
gherkm  is  propagated  by  seed,  which  requires 
light  for  germination.  Seeds  are  sown  in  podt- 

rts  of  I  nl  n  spnrinij  of  cm  in  th(»  row  nnd 
100-150  cm  between  rows.  The  -seed  require- 
ment is  2.5-4.5  kg/ha.  In  the  growing  season, 
the  period  from  seeding  to  first  harvest  is  2-2.5 
months.  Plants  continue  to  flower  and  set  fruit 
lor  several  months.  For  leaf  production,  the 
same  cultural  practices  can  be  fbllowed. 

Management  The  eulliire  and  apronomic 
requirements  are  similar  to  those  of  the  com- 
mon gard^  cucumber.  In  cultivation,  the 
plants  should  be  trailed.  The  application  of 
organic  manure  and  N'PK  fertilizer  is  benefi- 
cial. Irrigation  can  be  given  in  periods  of 
drought.  In  South  Africa,  the  first  firuit  of  a 
plant  is  tasted  and  if  it  is  bitter,  the  whole 
plant  is  discarded. 

Diseases  and  peata  West  Indian  gherkin  is 
quite  resistant  to  pests  and  diseases.  It  dis- 
plays varying  degrees  of  natural  resistance  to 
pathogens  and  insects,  such  as  the  cucumber 
green  mottle  mosaic  virus,  root-knot  nema- 
todes, powder}-  mildew,  and  greenhouse  white- 
fly.  The  fruits  are  seldom  parasitized  by  fruit 
fly  larvae,  which  attach  most  other  cucuibit 
specu's  in  soiuln'i  n  Africa, 

Harvesting  A<  thv  IVuits  are  preferred  for 
pickling,  they  are  harvested  in  the  immature 
stage  while  still  green.  If  grown  for  leaves* 
these  can  be  picked  many  times  during  several 
months. 

Yield  A  single  plant  can  produce  50  or  more 
fruits.  No  statistics  on  fruit  or  leaf  yicM  are 
reported.  The  yield  potential  is  probably  higher 
than  for  pickling  cucumbers. 

Handling  after  harvest  The  fruits  can  be 
kept  &r  a  few  days  at  room  temperature,  the 


loaves  should  be  consumed  or  marketed  within 

n  day. 

Genetic  resources  Cucumis  angiiria  is  not 
in  dantjer  of  extinetum  in  its  native  habitat, 
'llie  National  Plant  Germplasm  System  of  the 
USA  Department  of  Agriculture  maintains 
numerous  accessions  of  cultivated  types  of  Cu- 
cumis atiffiria  at  its  regional  plant  introduc- 
tion station  in  Ames,  Iowa.  Another  collection 
IS  maintained  at  the  Centre  Agronomico  Tropi- 
ilr  Investigaeinn  y  Ensenanza  (CATIE), 
l  urrudba,  Costa  Rica. 

Breeding  Various  Western  seed  companies 
offer  seed  of  West  Indian  gherkin,  including 
'African  Heirloom',  and  'West  Indian  Burr 
Gherldn'. 

Cucumis  anguria  and  related  species  have 
been  thi'  foeus  of  investigations  by  jdant  scien- 
tists to  identify  resistances  to  the  many  pests 
(viruses,  bacteria,  fimgi,  insects)  attaddng 

cucumber  and  melon  wbirh  miphi  be  geneti- 
cally transferred.  Cucumis  anguria  proved  to 
be  totally  immune  to  cucumber  green  mottle 
mosaic  virus  (CGMV).  Resistance  also  occurred 

to  root-knot  nematodes  and  powdery  mildew. 
In  a  study  m  South  Africa,  where  fungal  dis- 
eases and  fruit  parasitisation  by  Trypetid  lar- 
vae is  usually  severe  in  ( 'ucurbii  .icr  rie  Cucu- 
mis anguria  showed  a  high  resistance  Lu  both 
fungi  and  Tr\  pet  ids.  Research  efforts  to  trans- 
fer resistances  into  cucumber  and  melon 
been  undertalscn  lu  peated  attempts  to  hylirid- 
ize  different  Cucumis  species  have  not  been 
entirely  successful;  some  species  have  never 

been  sueressfully  crossed  to  produce  a  fertile  Fi 
generation,  whereas  other  species  have  been 
crossed  to  a  limited  extent. 

"Hie  possibility  of  using  Cucumis  anguria  as  a 
root  stock  has  been  suggested,  where  scions  of 
desirable  crop  species  are  grafted  to  it.  In  popu- 
lations of  some  cucuibit  species  that  normally 
produce  bitter  or  toxic  finiits,  individuals  may 
occasionally  arise  spontaneousl;^'  which  produce 
nan-bitter,  edible  fruit.  T^ese  variants  are  ge- 
netically stable  when  removed  from  the  bitter 
gene  pool.  In  ('iicitini.t  anguria  a  single  gene 
distinguishes  the  bitter  from  the  non-bitter 
type,  the  gene  producing  bitterness  being 
dominant.  Midtiple  factors  appear  to  be  in- 
volved in  controlling  bitterness,  including  vari- 
ous physiological  conditions. 

Prospects  Cucumis  anguria  both  as  a  semi- 
wild  leafy  vegetable  and  as  the  West  Indian 
gherkin  merits  moi-e  attention  from  plant 
breeders  and  agronomists.  It  is  an  attractive 
alternative  to  die  common  garden  cucumber  for 
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use  as  a  pickle,  with  fewer  pest  and  disease 
problems  and  a  larger  fruit  production. 
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CUCUMIS  HIRSUTUS  Sond. 

Protologue  Harv.  &  Sond.,  Fl.  Cap.  2:  497 
(1862). 
Family  Cucuibitaoeae 

Chromosome  number  n  —  12 

Origin  and  geographic  distribution  Cucu- 
mis  hirautits  is  distributed  fix>m  Cameroon  to 
Sudan  anil  southwards  to  South  Africa  (Cape 
Provmce);  also  in  Madagascar. 

Uses  In  Malawi  the  leaves  are  eaten  in  the 
same  way  as  pumpkin  leaves,  i.e.  sliced  and 
cooked.  The  raw  fruits  are  eaten  ns  well,  but 
are  not  much  appreciated.  In  South  Africa  Cu- 
cufliM  kirsutus  is  considered  a  poisonous  plant. 
A  decoction  of  the  root  is  used Iqr  the  Zulu  tribe 
to  treat  chronic  cough. 

Properties  There  is  no  information  on  nu- 
tritional  vahies,  but  the  leaf  composition  is 
pruhably  comparal)le  to  other  dark  t;reen  leaf 
vegetables  and  that  of  the  fruits  to  cucumber. 
Several  cucuibitadns  have  been  isolated  from 
the  roots  of  Ciiniini.i  hirsutus  Guciirbitacins. 
which  are  known  from  many  Cucurbiiaceae 
and  various  other  plant  species,  exhibit  cyto- 
toxidly  (including:  .mtitumour  activity),  anti- 
inflammntoTy  and  analgesic  activities. 

Botany  Dioecious,  perennial,  prostrate  or 
scandrat  herb,  with  sinq>le  tendrils;  roots  fi- 
brous, woody;  stems  up  to  2.5  m  l<mg,  thick- 


ened and  woody  at  ba.^e.  Leaves  nltcmatc, 
simple;  stipules  absent;  petiole  0.5-5.5  cm  long; 
blade  broadly  ovate,  ovate-triangular  or  nar- 
rowly ovate.  2-iri  cm  x  1-10  cm  slightly  cor- 
date at  base,  unlobed  or  variously  palmat«ly  3- 
6-lobed,  lobes  ovate-triangular  to  linear.  Flow- 
ers unisexual,  regular.  5-merous;  receptacle  3- 
9  mm  long;  sepals  1-9  mm  long;  petals  white, 
cream  or  yellow;  male  flowers  1-12  together  in 
fascicles,  pedicel  0.5-7.5  cm  long,  petals  up  to  2 
cm  long;  female  flowers  solitaiy  or  paired, 
pedicel  0.5-2.5  cm  long,  petals  up  to  3  cm  long, 
ovaty  inferior,  densely  appressed  or  patent 
haiiy.  Fruit  a  globose  to  oblong-elliiisoid  l)eny 
2.5-7  cm  X  1.5-6  cm,  brownish-orange  when 
ripe,  smooth;  firuit  rtaUc  2-6  cm  long,  slender, 
not  expanded  upwards.  Seeds  ovoid,  com- 
pressed. 6.5-9  mm  X  5-6.5  mm  x  2-3  mm, 
white,  smooth. 

The  genus  Cueumis  includes  about  30  species, 

4  of  which  are  eronomirally  important:  nicum- 
ber  (jCucumis  salivas  L.),  melon  and  snake 
cucumber  {CucumU  melo  L.),  West  Indian 
gherkin  {Ciniiinis  taiguria  L.)  and  homed 
melon  {Cueumis  inehih'ferus  Xaudin).  Cucuiiiis 
hirsutua  is  the  only  species  in  the  hirsutus' 
group  of  the  subgenus  Mela. 

In  Mnlrnvi  the  !r:nrs  are  cnlen  at  the  end  of 
the  dry  and  begmnmg  of  the  rainy  season  (Qc- 
tobet^November). 

Ecology  Cucumiji  hirsulns  is  fciund  in  wood- 
land wnodcd  grassland  and  grassljind  and  as 
a  weed  on  formei-ly  cultivated  ground,  up  to 
2500  m  altitude. 

Management  Cum  mis  hirsutus  is  exclu- 
sively collected  from  the  wild. 

Geuetio  resources  and  breeding  Since 
Cueumis  hirsutus  is  widesprea<l  ih<>re  is  no 
serious  risk  of  genetic  erosion.  (Jnly  in  the 
United  Stales  are  a  few  accessions  registered, 
all  originating  from  SouUi  Africa.  Breeders' 
interest  in  Cueumis  hirsutus  is  limited  as 
transfer  of  genes  by  conventional  breeding 
techniques  to  economically  important  Cummis 
species  is  not  possible. 

Prospects  It  is  likely  that  Cucuiiii.i  liirsulua 
will  remain  a  vegetable  of  local  interest  only. 

M^Jor  references  JeCGr^,  C,  1978;  Jeffrey, 
C  H)80;  Kiikbride  Jr.,  J.H..  1993;  Williamson, 
J.,  1955. 

Other  references  Meeuse,  A.D.J.,  1962; 

Watt.  J.M  &  Breyer-Brandwijk.  M.G..  1962. 
Authors  C.H.Bosch 
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CUCUMIS  MELO  L. 

Protologue  Sp.  pi.  2:  1011  (1753). 
Family  rucurbitfu-eae 
Cliromosoine  number  2n  =  21 
Vemaeular  names  Mel<m,  muskmelon, 

cantaloupe  (Kn)  Melon  (Fr).  Melao  (Po). 
Mtango,  mtango  mungunyana,  mmumunye 
(Sw). 

Origin  and  geographic  distribution  Melon 
probably  oriRinatod  in  East  Africa,  whoro  wild 
populations  still  occur,  e.g.  in  Sudan,  Ethiopia, 
Ehritrea,  Somalia,  Uganda  and  Tanzania.  Pos- 
sibly it  also  (K  i  urs  wild  in  southorii  Africa,  but 
the  exact  diatribution  of  wild  Cucuinis  melo  is 
mielear  because  of  the  regular  occurrence  of 
plants  escaped  from  cultivation.  Melon  was 
domesticated  m  the  eastern  Mediterranean 
region  and  West  Asia  al  least  40U0  years  ago 
and  subsequently  spread  into  Asia.  During  the 

]nu'^  l)f'i-i()d  of  cult  i\-at  inn  many  type-*  clp\  (^lop(-d 
With  many  fruit  shapes  and  with  either  sweet 
or  non-sweet  flesh.  Important  centres  of  ge- 
netic divi  rsity  of  cultivated  melon  developed  in 
Iran  Tzbekistan.  Afghanistan.  China  and  In- 
dia. In  Africa  important  variation  occurs  in 
Sudan  and  Egypt.  The  name  'cantaloupe'  de- 
rives from  a  l.T-  cT-ntiii-y  introduclion  of  melon 
from  Turkish  .\rmenia  to  the  papal  residence 
at  Canialupi  near  Rome.  Melon  is  now  grown 
worldwide.  It  is  a  typical  fruit  vegetable  of  sub- 
tropical and  warm  toniperafc  arms. 
Melon  occurs  throughout  the  warm  and  drj' 
areas  of  Africa,  where  it  is  grown  either  for  its 
fruit  or  for  its  seeds. 

Several  non-sweet  types  of  Cucumis  melo  are 
grown  traditionally.  The  most  important  one  is 
snake  melon,  called  'ajjui',  'fiaqqus*  or  'qatta'  in 


Cucumis  melo  -  planted 


Arabic.  It  is  found  in  many  parts  of  Asia,  from 
Turkey  to  Japan,  and  locally  in  Europe  (Italy) 
and  the  United  States.  In  Africa  it  seems  to  be 
restricted  to  Sudan,  Egypt  and  X<jith  Africa, 
where  it  is  quite  important.  In  Sudan  the  im- 
mature fruits  of  a  melon  type  locally  known  as 
tibish"  are  used  in  the  same  way  as  sjiake 
melon.  Some  other  types  grown  m  Africa  have 
bitter  flesh,  and  are  grown  for  their  edible 

s,'e<is. 

Uses  Matur<'  fruits  of  swoot  melon  cultivars 
are  usually  consumed  fresh  for  the  sweet  and 
juicy  pulp.  The  pulp  is  also  mixed  with  water 
and  sugar,  or  sometimes  u  ith  niilk.  and  served 
as  a  refreshing  drink  or  made  into  ice  cream. 
Immature  fruits  of  non-sweet  types,  including 
snake  melon,  are  used  as  a  fresh,  cooked  or 
pickled  seyetable;  they  are  also  stuffed  with 
meat,  nee  and  spices,  and  fried  in  oil.  Snake 
melon  is  often  confused  with  cucumber  and 

used  as  surb  The  seeds  are  eaten  after  roast- 
ing; they  contain  edible  oil.  The  Hausa  people 
in  Nigeria  grind  the  kernels  to  a  paste  and 
make  it  into  fermented  cakes.  The  young 
leaves  are  occasionally  consumed  as  a  potherb 
and  in  soups.  The  lealy  stems  and  also  the  fruit 
provide  good  forage  for  all  livestock.  In  Reun- 
ion and  Mauritius  a  de(x)ction  of  seeds  and 
roots  is  used  as  a  diuretic  and  vermifiige. 

Production  and  iutematkmal  trade  Annual 
world  production  of  melon  has  inci-easod  from  9 
million  t  (700,000  hn)  in  i;i!)2  to  21'  million  t  (1.2 
million  ha)  in  2002.  Major  pi-oducmg  countries 
are  China  with  400,000  ha,  West  Asia  (Turkey, 
lian  Iraq)  200,000  ha,  the  .\mericas  (United 
States,  Mexico,  Central  and  South  American 
countries)  166,000  ha,  northern  Africa  (Egypt, 
Morocco,  Tunisia)  1 10 OOO  ha,  .southern  .Asia 
(India  Pakistan  Bangladesh)  100,000  ha, 
European  Linion  (Spam,  Italj',  France,  Greece, 
Portugal)  96,000  ha.  Romania  50,000  ha,  Japan 
1.3,000  ha  and  Korea  1 1  000  bn. 
Each  coimtrj'  has  its  own  specific  melon  culti- 
vars and  most  of  the  crop  is  sold  in  local  mar- 
kets. Production  for  export  has  developed  in 
the  Mediterranean  region  the  T'niled  States 
Me.xico,  Auslraha,  Taiwan  and  Japan,  using  Fi 
hybrid  cultivars  with  good  shipping  and  stor- 
age chararteristics. 

in  Africa  sweet  melon  is  a  luxury'  crop  for  ur- 
ban markets,  grown  in  drier  regions  and  in 
highlands.  Statistics  on  pxoductmn  ;ire  not 
available  for  most  eountries,  except  I'amoroon 
(3500  ha)  and  Sudan  (1200  ha).  Senegal  and 
surrounding  countries  export  melon  during  the 
winter  to  Europe. 
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Snake  melon  is  important,  in  Sudnn,  where  it  is 
grown  for  home  use  and  local  markets.  The 
area  grown  is  about  4000  ha  with  an  annual 
production  of  80  000  t,  It  is  not  exported 

Properties  The  edible  portion  of  a  mature 
melon  firuit  is  45-80%.  Fruits  (raw,  peeled) 
contain  per  100  g  i-dilile  iiortion:  water  90.2  g, 
energy  142  kJ  (34  kcal),  protein  0.8  g,  fat  0.2  g, 
carbohydrate  8.2  g,  fibre  0.9  g,  Ca  9  mg,  Mg  12 
mg,  P  15  mg,  Fe  0.2  mg,  Zn  0  -!  mir,  vitamin  A 
3382  H'.  fhinmin  0.04  mp,  rihoflnvin  0.02  mc 
niacin  0.7  mg,  folate  21  ascorbic  acid  37  mg 
(USDA,  2002). 

The  nutritional  composition  of  snake  melon  per 
100  g  edible  portion  is:  water  94.5  g,  energy  76 
kJ  (18  kcal).  protein  0.(5  g.  fat  0.1  g,  carbohydrate 
4.4  g.  fibre  0,3  g.  ascorbic  acid  13  mg  (Polacchi, 
W.,  MacIIargue.  J  S.  &  PerlnlT.  B.P.,  1982). 
Sugar  conlent  and  aroma  are  important  factors 
determining  the  quality  of  sweet  melon.  Esters 
derived  from  amino  acids  nrc  important  com- 
ponents of  the  diaracteristic  flavour;  sulphur- 
oontaining  compounds  also  play  a  role.  Several 
C-9  alcohols  and  aldehydes,  including  Z-nan-6- 
enal.  are  characteristic  of  the  melon  aroma.  To 
get  the  best  aruma  fruits  should  be  harvested 
only  2-9  days  before  they  are  fully  ripe.  The 

edible  seed  kernel  mntnins  apiiroximately  46% 
of  a  yellow  oil  and  36%  protein. 

AdvltemttosM  and  mbstitutes  Snake 
melon  for  use  in  salads  can  be  replaced  by  cu- 
cumber (Ciini  in  i.'^  sa/ii  IIS  Tj.) 

Description  Monoecious,  climbing,  creeping 
or  trailing,  annual  herb,  having  simple  ten- 
drils; root  system  large,  mostly  distriluited  in 
the  top  30^0  cm  uf  the  soil,  a  few  roots  de- 
scending to  1  m  depth;  stem  up  to  3  m  long, 
ridged  or  slri.iie,  haiiy.  Leaves  alternate,  sim- 
ple stipules  absent;  petiole  4—10  cm  lonp  blade 
orbicular  or  ovate  to  reniform,  3-15(-20)  cm  in 
diameter,  angular  or  diallowly  pabnately  5-7- 
lobed,  cordate  at  base,  shnllowly  sinuate- 
toothed,  surfaces  hairy.  Flowers  axillary,  uni- 
sexual or  bisexual,  regular,  5-merous;  pedicel 
0.5-3  cm  long:  sepals  linear,  6-8  mm  long;  co- 
rolla campanulate  lobes  almost  oriiicular  up 
to  2  cm  long,  yellow;  male  flowers  in  2 — l- 
flowered  fascicles,  with  3  free  stamens;  female 
or  bisexual  flowers  solitary,  with  inferioi-  i  lli]>- 
soid  ovary,  stigma  3-lobed.  Fruit  a  globose, 
ovoid  or  oblongoid  beny  weighing  0.4-2.2  kg, 
smooth  or  furrowed,  rind  smooth  to  roug^  and 
reticulate  white,  {rreen,  yellowish-green,  yel- 
low, yellowish-brown,  speckled  yellow  or  or- 
ange with  green  or  yelk>w  bad^round,  flesh 
yellow,  pink,  orange,  green  or  white,  many- 


OuMtnis  mefo  - 1,  flmvering  shoot;  2,  fruit  (rind 
aud  Peak  partly  removed);  3,  fruit  (snake 

melon). 

Source:  PROSBA 

seedi  'l  S' ■<  lis  compressed  ellipsoid,  o— 12  mm  x 
2-7  nun  >  1-1.5  mm,  whitish  or  buff,  smooth. 
Seedling  with  epigeal  germination. 

Other  botanical  information  Most  of  the 
al>nui  >U  Cucuinis  species  are  native  to  Africa. 
Th>  >  all  have  a  chromosome  number  of  2n  - 
24,  except  Cucninta  salinis  L.  (cucumber)  with 
2h  =  14;  probnbly  this  species  originated  from 
Asia.  Cucumis  satiius  fruits  are  beset  with 
spinous  tubercles  and  warts  when  young, 
whereas  ovaries  of  Ciinniih  mdo  are  haiiy 
without  tubercles  ami  warts. 
Cucumis  melo  is  polymorphic.  Wild  and  weedy 
plants  are  often  distinguished  as  subsp.  agres- 
tis  (Xaudin)  Pangalo.  havini;  shortly  jmbescent 
ovaries  and  comparatively  small  flowers  and 
fruits,  whereas  the  cultivated  plants  (subqp. 
inrlo)  have  villous  ovaries  and  generally  larger 
flowers  and  fruits. 

Cultivated  plants  belong  to  many  different  rail- 
tivar-groups.  of  which  the  most  important  with 
sweet  fhiits  for  modem  market  gardening  are: 
-  Reticulatus  (Jroup  (muskmelon  or  netted 
melon):  firuit  globular  (1—1.8  kg),  rind 
strongly  reticulate,  sometimes  furrowed,  yel- 
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lowish-ffTcon  with  orange  flesh  (Italo- 
American)  or  finely  reticulate  to  smooth,  yel- 
lowish-green mth  pale  green  flesh  (Japanese, 
Mediterranean,  e  t».  nnlm  )  sut»j»r  mntent 
high  (13-15%),  aromatic,  shelf  life  medium. 

-  Cantaloupe  Group  (cantaloupe  or  musk- 
melon):  fruit  flattish  to  globular  ami  often 
ribbed  (1.2-1.8  kg),  rind  smooth  or  reticulate, 
flesh  usually  orange,  carotene  and  sugar  con- 
tent high,  flavour  rich,  shelf  life  short, 
mninly  urown  in  souih-westorn  Elurope  (©.g. 
Charentais)  and  the  Americas. 

-  Inodorus  Group  (winter  melon);  fruit  ovoid 
(l,-'")-25  kg),  late  maturing,  riml  smooth, 
wrinkled  or  slightly  reticulate,  often  striped 
or  splashed,  grey,  green  or  yellow,  fleah  firm, 
white  or  pale  green,  sugar  content  high  but 
little  flavour,  shelf  life  Ions,'  mainly  tjrown  in 
Iran,  Afghanistan  and  China,  but  also  in 
Spain,  the  United  States  and  Japan;  impor- 
tant cultivars  are  Cnsaba  llonry  Dew'  Piel 
de  Sapo',  Jaune  Canari  and  Chmese  Hami . 

-  ESxamples  of  groups  with  non-sweet  fruits 
u,sed  as  a  vegetable  in  Africa  are: 

-  l-'lfxuosus  <lroup  (snake  melon  or  'snake  cu- 
cumber): fruit  up  to  2  m  lung,  more  than  G 
times  as  long  as  wide,  rind  pale  green  or 
striped  pale  and  dark  gre«i,  ribbed  or  wrin- 
kled, llesh  white. 

-  Tibish  Group:  fruit  small,  ovoid  to  oblate, 
without  ribs,  rind  smooth,  dark  green  with 
pale  green  stripes  flesh  firm  white,  particu- 
larly important  in  Sudan;  a  similar  type 
named  'seinat'  in  Sudan  is  grown  for  its  seed. 

Sweet  melon  simwn  for  the  urban  markets  in 
tropical  Africa  comprises  nowadays  mostly  Fi 
hybrid  cultivars  of  Reticulatus  Group  (e.g.  'Ga- 
lin  )  and  Cnntnloiipc  t  '.roup  (e.g.  Charenlnis  i 

Growth  and  development  Melon  seed  will 
remaui  viable  for  at  least  6  years  when  stored 
dry  (moisture  content  6%)  at  temperatures 
below  1<S°('  Pi  iminp  may  improve  germination 
after  long  storage.  Seedlings  appear  (2-)4-8(- 
14)  days  after  sowing.  Numerous  horizontal 
lateral  roots  develop  rapidly  from  the  taproot. 
The  roots  grow  mostly  at  a  depth  of  :<0-10  em. 
The  first  true  leaf  appears  5-6  days  after  un- 
folding of  the  cotyledons.  The  firrt  2-4  axillary 
buds  on  the  main  stem  proHiiee  vigorous  pri- 
mary* branches,  which  check  the  growth  of  the 
main  atem.  In  most  types,  the  first  clusters  of 
male  flowers  appear  on  the  5th-12th  imiic  df 
primary"  branches  while  bisexual  or  iVmale 
flowers  appear  on  tertiaiy  branches,  formed 
firom  the  14th  node  of  primary  branches  on- 
wards. Flowers  are  opeai  for  one  day  only  and 


insects,  mostly  bees,  effect  pollination.  The 
fruit  is  a  heavy  sink  for  assimilates  and  miners 
als  and  per  plant  usu^ill-.  'uly  3-6  fruits  will 
develop  out  of  30-100  Iciii.il. ■.'bi-^cxLial  flowers. 
The  fruit  development  curve  is  sigmoid  with 
maximum  growth  at  10-40  days  after  flower- 
ing: maturation  with  little  further  expansion 
occurs  during  the  last  10  days  when  sugars 
accumulate  in  the  fruit  flesh  and  the  net  tissue 
on  the  fruit  surface  develops.  Fruits  mature  75 
days  (early  rulfivnrs  of  Reticulatus  (  Iroiip  and 
Cantaloupe  Group)  to  120  days  (Inodorus 
Group)  after  sowing.  In  the  fixiits  of  Reticula- 
tus  Group  and  Cantaloui>e  (Iroup  ethylene 
plays  an  essential  role  in  the  ripening  process 
(climacteric),  e.g.  for  flesh  8oft«iing,  yellowing 
(if  the  rind  and  abscission  from  the  pedicel. 
Shelf  life  of  these  fruits  is  short  (<  1  week  for 
'Charentais')  to  medium  (2—3  weeks  for  'Galia ). 
Fruits  of  cultivars  of  Inodorus  Group  do  not 

produce  ethylene  during  ripening  (ntm- 
climacteric)  and  consequentlj'  have  a  long  shelf 
life  (>  3  months  for  'Piel  de  Sapo  ).  Ethylene- 
independent  rq>ening  processes  are  Qseh  col- 
oration, and  accumulaticm  of  sugars  and  or- 
ganic acids. 
Ecology  Wild  Cueumia  melo  plants  occur  in 

open  wof)dland  (^specially  along  rivers  and  as 
a  weed  in  fields  and  waste  places,  up  to  1200  m 
altitude. 

Melon  requires  warm  and  diy  weather  with 
plenty  of  sunshine  for  growth  and  production. 
The  optimum  temperature  range  is  18-28'C, 
growth  being  severely  retarded  below  12*C. 
Melon  easily  withstands  several  hours  per  day 
of  very  high  temperatures,  up  to  40*'C.  Plants 
are  killed  instantly  by  frost.  In  snake  melon 
sl<>m  elongation  was  found  to  be  greater  under 
.short  H-hour  days  than  under  10-hour  days. 
High  humidity  will  reduce  growth,  adversely 
affiset  fruit  quality  and  encourage  leaf  diseases. 

Melon  grows  best  on  deep,  well-drained  and 
thorouglily  cultivated  fertile  loamy  soils  with 
pH  6-7.  It  does  not  tolerate  veiy  acid  soils  or 
waterlogged  soil. 

Propagation  and  planting  Melon  is  usu- 
ally direct -seeded:  2—3  seeds  per  hole,  sown  2 — 1 
cm  deep  on  mounds  or  ridges,  later  thinned  to 
one  plant.  Spacing  is  60-f)0  cm  within  and 
120-200  cm  between  the  rows,  giving  a  density 
of  8000-16,000  plants  per  ha.  Alternatively, 
seedlings  are  raised  in  polj'thene  pots  or  in  soil 
binrks  and  transplanted  carefully  to  the  field 
when  4  weeks  old,  taking  care  not  to  damage 
the  root  system.  The  weight  of  1000  seeds  is 
(8-)25-36  g.  Seed  rates  per  ha  are  1.6-2  kg  for 
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direct -seeded  melon  and  0.5  kg  for  the  trans- 
plant method.  In  Sudan  snake  melon  is  sown 
<lir<-('tly  on  raised  Hats  of  2  m  wide,  in  holes  on 
botli  <\d>'<  lit" thi'  Hats. 

Management  Melon  can  be  grown  m  nor- 
mal upland  conditions,  provided  that  it  is  ro- 
tated with  non-cucurbit  crops  to  avoid  soil- 
born(>  diseases  and  nematodes.  The  soil  should 
be  plou^'hed,  harrowed  and  rotavated  to  attain 
a  well-pulverized  and  well-levelled  soil.  Furrow 
or  drip  irrigation  is  coTTimnn,  since  pinnts  have 
a  high  demand  for  water  until  the  fruits  have 
readied  maturity.  Melon  is  less  dependent  on 
daily  irrigation  than  cucumber  or  pumpkin. 
During  the  dry  season,  one  litre  water  per 
plantinif  hole  may  be  given.  In  Sudan  an  estab- 
lished snake  melon  crop  is  irrigated  everj*  10- 
12  days  during  the  hot  rainy  season  (March- 
October),  and  everj'  14—18  days  during  the  cool 
season. 

Fertili/i'v  1'  quirrnii-nts  depend  on  crop  per- 
formance and  nutrient  status  of  the  soil.  Re- 
moval of  nutrients  in  a  harvest  of  20  t/ha  of 
fruits  is:  N  60-120  k«.  I'  0-18  kg.  K  100-120 
kg  Ta  70-100  kg  and  Mg  10-30  kg,  Melon 
responds  well  to  organic  manures  applied  at 
26-30  t/ha.  A  complete  fertilizer  should  be  ap- 

pUed  before  sow  ing  or  jilanling  followt^rl  by  a  X 
topdressing  when  the  stems  are  20-30  cm  long. 
Melon  is  particularly  sensitive  to  Ca  deficiency, 
which  causes  glassiness  or  watercore  in  the 
fruits.  It  i.s  also  sensitive  to  molybdenum  defi- 
ciency, occurrmg  in  ferralitic  soils.  Melon  is 
very  sensitive  to  a  number  of  herbicides,  in- 
clutling  .Atrazine.  and  may  e\'en  he  <lamagedby 
herbicide  residues  from  preceeding  crops. 
Mulching  IS  a  well-established  practice  in  the 
production  of  melon.  In  subtropical  areas, 
black,  transparent  or  silver-ftainted  polythene 
sheets  are  commonly  used  not  only  to  control 
weeds  but  also  to  raise  or  lower  the  tempera- 
ture of  the  soil.  In  the  tropics,  common  mulch- 
ing materials  are  rice  straw  or  grass,  and  in- 
creasingly plastic  foil.  In  areas  where  mulching 
materials  are  not  available,  weeding  is  neoes- 
sarj'  until  tln'  plants  start  producing  long 
stems.  Hand  hoeing  or  pulling  of  large  weeds  is 
often  practised.  Various  methods  of  pruning 

primarj'  and  serondnni'  branches  are  applied  to 
regulate  vegetative  growth  and  fruit  set  (3-5 
firuits  per  plant).  Snake  melon  is  sometimes 
grown  aloi^[  a  t  n'llis  to  get  straight  fruits. 

Diseases  and  pests  Several  diseases  may 
affect  melon.  Ciummy  stem  blight  (Didymella 
bryoniae)  causes  stem  and  fruit  stalk  canker, 
fruit  rot  and  plant  wilting.  Is  a  aenous  disease 


in  humid  and  hot  conditions.  It  is  controlled  by 
the  use  of  disease-free  seed,  seed  disinfection, 
crop  rotation,  sprajdng  fungicides,  and  espe- 
cially planting  resistant  culfivars.  Powdery 
mildew  {Sphaerofheca  fiiliginea  and  Erysiphe 
dehoraeeeirum)  can  be  controlled  by  fungicides, 
but  modern  Fi  hj'brids  have  high  tolerance  to 
most  types.  Downy  mildew  (Pseudoperonospora 
ettbensis)  is  important  in  hot  and  humid  cli- 
mates and  can  be  controlled  by  fungicides;  po- 
lygenically  controlled  resistance  is  available  in 
certain  Indian  accessions.  Anthracnose  (Colle- 
iotriehum  lagmarium)  can  be  controlled  by 
seed  treatment,  crop  rotation  and  fungicides. 
Damping-o£f  {Pytliium  sp.  and  RkizocUmia  sp.) 
has  to  be  prevented  by  treating  seed  with  fun- 
gicides. Bacterial  soft  rot  or  bacterial  wilt  (Er- 
winia  tnirltcipliiln)  is  controlled  by  removing 
affected  plants  and  by  eliminating  the  vector 
(striped  and  spotted  cucumber  beetle)  with 

insecticide  sprays  .\ngidai'  leaf-spot  (Psettdo- 
moiiaa  lachryinans)  is  primarily  a  cucumber 
disease  but  occurs  occasionally  also  in  melon. 
Fusarium  wilt  (Fuaarium  oxyapomm  f.sp. 
iiwlunis)  can  be  effectively  prevented  only  by 
resistant  cultivars.  In  snake  melon  it  is  also  a 
serious  problem.  It  is  most  aggressive  at  k>wer 

temperatures  fl8-20°<  ")  and  does  not  OCCUr  in 
the  lowlands.  Sudden  wilt  caused  by  the  aoU- 
bome  fungus  Mono^ioraseus  ecatttonballus  has 
become  a  serious  problem  in  areas  with  a  sub- 
tropical climate  neutral  or  alkaline  soils  high 
(30-35'C)  soil  temperatures  and  use  of  plastic 
mulch;  it  has  not  jret  been  recorded  in  tropical 
Africa  hut  is  a  potential  menace 
The  most  frequent  virus  in  tropical  conditions 
is  the  aphid  transmitted  papaya  nngspot  virUS 

(PRSV-W.  formolj  WMV-l)  for  which  good 

resistance  is  avnilnlilc  ( 'uciimber  mosaic  virus 
(CMV),  watermelon  mosaic  virus  M\  -2)  and 
zucchini  yvllow  mosaic  virus  (ZYMV),  all  three 
transmitted  by  aphids,  in  particular  Aphis  .^o.i- 
aypii,  affect  melon  and  predominate  in  sub- 
trc^ical  oonditicHis;  there  are  various  sources  of 
resistance  to  these  three  viruses  and  also  to  the 
vector  Other  virus  diseases  in  melon  are 
melon  necrotic  spot  virus  (MNS\ ),  transmitted 
by  the  soil  fungus  Olpidium  sp.,  the  soil-  and 
seedborne  cucumber  green  mottle  mosaic  virus 
(CGMAI\')  and  beet  curly  top  vuus  (BCTV) 
transmitted  by  leaflioppers. 
Root-Jaiot  nematodes  (Meloidogyne  spp.)  can  be 
a  serious  problem  when  melons  are  grown 
without  proper  crop  rotation;  control  can  be 
done  by  soil  solarization  or  by  wide-qiectnun 
soil  fumiganta,  but  the  latter  are  expenasve  and 
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hazardous  to  the  cnvironraont. 
Pests  in  melon  are  thrips  (Thrips  pahin  and 
FrankUniella  spp.),  spider  miie  {Telniiiyvhus 
iniivdc).  n\)hu\s  (Aphis  gussypif).  melon  IVuit  Hy 
{Dacus  cucurbilae),  cucumber  beetles  (Diabrol- 
iea  spp.),  leaf  folder  (Diapfumia  indica),  leaf 
fVoilcr  (Aitldcnphont  si'nn'lis)  and  the  fly  Buc- 
trocera  cucurbitae,  which  is  especially  active  in 
the  humid  tropics  and  causes  young  fruits  to 
drop  by  tunnelling  in  the  pedicel.  Farmers 
usually  control  <ho>!o  posts  with  insert jridrs. 
However,  indiscriminate  use  of  insecticides 
only  aggravates  pest  problems  by  destrojring 

useful  |i;ir;isitir  insects 

Harvesting  Cantaloupe  and  muskmeion 
tend  to  separate  from  the  pedicel  at  the  base  of 

the  fruit  at  m  iiui  ity  due  to  the  formation  of  an 
abscission  kiyer.  This  is  called  full  slip".  Har- 
vesting occurs  usually  at  the  half  slip  slage. 
Fruits  of  Inodorus  Group  do  not  form  an  ab- 
scission Inyor  nnri  mnturity  is  indirntod  by  col- 
our change,  e.g.  from  green  to  yellow.  Tender 
immature  pale  green  firuits  of  snake  melon  are 
harvested  starting  45-60  days  firom  sowing. 
Harvested  fruits  are  about  20  cm  long  with  a 
diameter  of  3  cm,  weighmg  90— 100  g.  If  the 
fruits  are  left  for  seed,  th^  are  harvested 
when  fully  ripo. 

Yield  On  average  yields  of  fresh  melon  fruits 
reach  18  t/ha,  ranginy:  from  6-40  t/ha  depend- 
ing on  cultivar  and  cultural  practices.  Seed 
yields  nre  ahnut  :'>0()-."ji )0  kg/lia  for  opon- 
pullinaled  and  100-200  kg/ha  for  hybrid  culti- 
vars.  The  yield  of  a  snake  melon  crop  in  Sudan 
is  on  avera^je  20  tAia, 

Handling  after  harvest  Muskmeion  fruits 
tar  storage  should  be  cooled  to  10-16"C  imme- 
diately after  h.uvesting  lo  retard  ripening. 
Storage  for  10-15  days  at  'A-A°C  relative 
humidity)  is  possible,  but  lower  temperatures 
can  cause  cfaiOing  injury.  'Hon^dew'  and  other 

winter  melon  fruits  ran  be  stored  at  in-1.5T 
for  longer  periods,  some  cultivars  up  to  90 
days.  Heavily  netted  melon  fruits  (e.g.  the 
Mediterranean  'Galia'  and  American  'Western 
Shipper')  are  relatively  resistant  to  handling 
and  transport.  The  fruits  of  snake  melon  are 
packed  in  plastic  or  jute  sacs  for  transport  to 
nenr-by  town  markets  They  are  treated  in  the 
same  way  as  cucumber  fruits. 

Genetic  reBonrces  The  genetic  diversity 
within  Cueumis  nielo  is  fairly  well  preserved  in 
permplnsm  collections.  The  most  extensive 
collections  are  mamtained  m  the  L  nited  States 
(North  C^tral  Regional  Plant  Introductioa 
Station,  Ames  I^,  Russian  Federation  (N.I. 


Vnvilov  ./Vll-Russian  Scientific  Research  Insti- 
tute of  Plant  Industry,  St.  Petersburg),  China 
(Institute  of  Crop  Germplasm  Resources 
{'"■AAS)  Heijiny)  luit  many  other  countries 
hold  significant  collections,  in  Africa  unportant 
collections  are  held  at  National  Horticultural 
liesearch  Institute.  Ibadan.  Nigeria  and  Agri- 
cultural Research  Corporation,  Wad  Medani, 
Sudan.  The  melon  germplasm  collections  pre- 
served in  Wad  Mtnlani  include  about  70  accesS" 
sions  of  snake  melon  and  M  of  the  local  vege- 
table melon  tibish  .  The  germplasm  collections 
could  be  complemented  by  further  collecticm  of 
germplasm  in  the  secondarj'  centres  of  genetic 
diversity  in  Afjghanistan,  India,  China.  Paki- 
stan and  Sudan.  Some  cuhivar-groups  with 
small  fruits  close  to  wild  tjrpes  appear  to  be 
particularly  good  sources  of  host  resistance  to 
major  melon  diseases. 

Breeding  Mudi  of  the  cultivar  improvement 
in  melon  is  based  on  mass  and  lint^  selection  in 
open-pollinatcd  populations.  However,  these 
are  now  rapidly  giving  way  to  Fi  hybrid  culti- 
varSt  especially  in  Europe,  the  United  States, 
Japan  and  Taiwan.  Pure-line  development  in 
melon  is  easy,  as  there  is  practically  no  m- 
breeding  depression  after  repeated  selfing.  On 

the  other  hand  Ihi^re  is  .ilso  little  hylirid  vig- 
our m  hybrids  betwt3«n  inbred  hnes.  The  main 
advantages  of  Fi  hybrids  are,  however,  uni- 
formity of  plant  and  fruit  type  and  recombina- 
tion of  favourable  eharaeterist ics  of  different 
melon  types  m  one  genotype;  fruit  quality 
(round  shape,  good  flavour,  high  sugar  ocmtent, 
small  seed  cavity),  long  shelf  life,  adaptation  to 
more  humid  climates  and  especially  resistance 
to  dtseases  and  pests. 

Most  cultivars  have  m.-ile  as  well  ,is  l.isexual 
flowers  on  the  same  plant,  ami  V\  hybrid  seed 
production  requires  emasculation  of  the  bisex- 
ual flowers  MIowed  by  hand  pollinatitHi. 

Monoecious  plant  tyix  s  would  enable  hybrid 
seed  production  with  bee  pollination,  as  the 
female  parent  line  can  be  temporarily  induced 
to  produce  female  flowers  only  by  sprays  with 
ethrel.  However,  the  change  to  monoecious  Fi 
hybrids  is  slowed  down  by  the  fact  that 
monoecy  in  melon  is  linked  to  elongated  shape 
and  large  size  of  the  fruits,  while  the  aim  for 
cantaloupe  and  muskmeion  is  round  and  com- 
pact fruits.  However,  monoecious  Fi  hybrids 
are  now  bei  >  ■  1 1 1 1 1  m  increasingly  common 
The  main  breeding  objectives  for  snake  melon 
are  disease  and  insect  resistance  and  better 
fruit  quaUty.  Breeding  for  resistance  is  a  top 
priority  because  the  fruit  is  often  consumed 
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fresh,  making  it  hazardous  to  use  chemicals, 
especially  where  restrictions  are  not  observed. 
Breeding  for  quality  aims  at  producing  culti- 
vars  with  slcmli  r  and  tender  fruits  for  the 
fresh  consumption  m  green  salads. 
In  a  recent  evaluation  study  of  melon  germ- 
plasm  colleoted  from  Sudan.  se\'(-r,il  snriki' 
melon  accesaions  were  found,  including  resis- 
tant planta  to  some  types  of  Fusarium  wilt  and 
Sphaercdheea  fitUginea.  Crosses  with  normal 
melon  nre  easy  and  orrur  spontnnoously.  Resis- 
tance to  Fusarium  wilt  was  also  delected  in 
some  accessions  of  Tibish  Group  and  wild 
])()pul;iti<ins  riicuini's  iiielo.  known  locally  in 
Sudan  as  humaid.  Resistance  to  some  viral 
diseases,  especially  Z7MV,  was  also  detected  in 
some  accessions  ul'  humaid', 

Prospects  Melon  is  w  ell  liketl  by  most  peo- 
ple and  the  impurlance  of  this  crop  will  further 
increase  through  better  adaptation  to  hot  and 
humid  growinp  ronditions  A  factor  liinitinp 
melon  production  is  the  multitude  of  diseases 
(viruses  in  particular)  and  pests.  New  tech- 
niques from  cellular  (protoplast  fusion)  iind 
molecular  (genetic  transformation.  DXA  mark- 
ers) biulog^'  are  now  within  reach  of  the  melon 
breeders.  This  has  opened  up  prospects  for 
exploit inp  pcrmplasm  from  other  C iiciiinis  >\h'- 
cies  fur  disease  and  pest  resistance  and  other 
characteristics,  not  available  through  conven- 
tional  interspecifi  l  )  I  l  idi/ation 
Snake  melon  is  .ni.ipi id  to  hot  and  dry  condi- 
tions, which  makes  it  interesting  for  further 
expansion  to  some  African  regions  outside  Su- 
dan. Cermplasm  collection  and  breeding  need 
more  attention. 
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CucUMls  .ViETUUFEUUS  E.Mey.  ex  Naudin 

Protolo^e  Ann.  Sci.  Nat.  Bot.,  s4r.  4,  11: 

10  (18.59). 
Family  name  Cucurbitaceae 
Chromosome  number  2r  =  24 

Vernacular  names  loomed  melon.  African 
cucumber,  homed  cucumber,  kiwano  (£In). 
Concombre   comu,    m^tulon,    kiwano  (Fr). 

Maxije  (Po). 

Orig^in  and  geographic  distribution  ('uni- 
mis  iiieliiliferus  occurs  naturally  throughout 
the  tropical  and  subtrq[>ical  sub-Saharan  re- 
gions of  .\fiira,  from  Senepal  to  Somalia  .md 
South  Africa.  It  has  also  been  recorded  m 
Yemen.  In  Kenya,  New  2Sealand,  France  and 
Israel  the  fruits  of  improved  cultivars  are 
commercially  grown  foi-  e.xport,  Cuenmis  ine- 
tulifems  has  become  naturalized  in  Australia, 
and  is  reported  as  adventive  in  Croatia. 

Uses  Th(>  fruits  of  horned  melon  are  mainly 
eaten,  and  m  some  parts  of  Africa  the  leaves 
are  also  used  as  a  vegetable.  The  fruits  are 
peeled  and  eaten  in  either  the  immature  or  the 
mature  stapes  Fruits  in  the  imripe  stapes  have 
the  appearance  and  taste  of  cucumber.  Mature 
fridts  may  have  a  sweet  dessert-fruit  flavour. 
Mature  fruits  may  also  be  split  open  and  dried 
in  the  sun  for  later  use.  In  Botswana  the  Kala- 
hari San  people  prepare  the  fruits  by  roasting. 
In  Zimbabwe  young  leaves  are  stripped  from 
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the  stems,  washed  and  boiled  as  spinach,  in  the 
same  way  as  musk  pumpkin  leaves  {Cucurbita 
mosehata  Duchesne),  adding  peanut  butter 
prior  to  serving' 

Fruits  fi-om  wild-growmg  plants  are  often  bit- 
ter and  inedible.  Traditional  medical  practitio 
ners  in  Zimbabwe  consider  the  liitt<  i  wild 
£ruits  as  poisonous  if  taken  by  mouth.  The  root 
is  used  in  the  Mutare  area  (Zimbabwe)  for  the 
ndierofpain  following  childbirth.  In  Benin  the 
fruit  is  said  to  possess  mediro-mnpical  proper- 
ties and  is  used  to  treat  eruptive  levers  in 
'Sakpata  voodoo'  rituals.  The  decorticated  fruit 
macerated  in  distilled  palm  wine  or  lemon  juice 
ia  used  to  treat  smallpox  and  sldn  rashes. 
In  Western  countries  Cueumis  metuUfema  ia 
currently  mostly  marketed  as  an  ornamental 
for  its  decorative  fruit  with  a  unique  appear- 
ance and  extended  keeping  qualities. 

.  Production  and  international  trade  In 

southern  Africa  homed  melon  is  considered  a 
traditional  fruit  vegetable.  Cultivation  has 
been  on  a  small  scale,  e.g.  in  Zimbabwe  it  is 
cultivated  in  rural  and  peri-urban  areas  for 
Side  in  traditional  markets  and  by  street  ven- 
dors. The  development  of  the  African  horned 
melon  into  an  international  crop  started  in 

New  Zealand  where  it  h.is  been  cfimmercially 
grown  and  exported  smce  the  198Us.  There  it 
was  given  the  name  Iciwano'  in  an  attempt  to 
promote  the  new  fruit  crop  in  Japan  and  the 
United  States.  Since  then  it  has  also  been 
grown  commercially  to  a  limited  extent  m  Cali- 
fornia for  the  United  States  market,  and  in 
Israel  and  Kenya  fmrn  where  the  fruits  are 
exported  to  markets  in  Europe.  Recent  efforts 
to  grow  the  crop  during  the  summer  in  south- 
ern France  for  the  European  market  have  been 

successful 

Properties  The  nutrient  content  for  fresh 
fruits  of  Gucumu  metulifema  (per  100  g  edible 

portion)  is:  water  01.0  g,  enerpj'  1.31  kJ  (.32 
kcal),  protein  1.1  g,  fat  0.7  g.  carbohydrate  5.2 
g,  crude  fibre  1.1  g,  Ca  11.9  mg,  Mg  22.3  mg,  P 
25.5  mt;  Ke  0.53  mg,  thiamin  0.04  mg,  ribolla- 
vin  0.02  mg.  niacine  0.5.5  mg.  ascorbic  acid  19 
mg  (Wehmeyer,  A.S.,  1986).  Some  values  may 
vaiy  depending  on  fruit  maturity,  as  the  fruits 
are  eaten  at  both  immature  and  mature  stapes. 
The  leaf  composition  is  approximatel;^'  the 
same  as  other  dark  green  leafy  vegetables. 
In  wild  Cum  III  is  iiieliili^nu,  plants  w  ith  bittw 
and  non-bitter  fruits  occur,  and  the  two  tj^pes 
are  morphologically  mdistmguishable.  A  sig- 
nificant proportion  of  wild-growing  homed 
melon  plants  oicountered  in  southern  Africa 


arc  bitter-fruited  and  have  caused  poisoning. 
Bitter  mature  fruits  may  remain  completely 
intact  on  the  plants,  as  neither  baboons  nor 
other  w  ildlife  eat  them.  The  amount  of  I)itter- 
ness  varies  ui  immature  and  mature  fruits  on 
the  same  plant,  with  srounger  fruits  having  a 
less  bitter  taste.  Bitterness  is  ilue  primarily  to 
the  presence  of  cucurbitacins,  bitter  and  toxic 
compounds  occurring  in  Cumrhitaeea*.  Gucur- 
bitadns  can  cau.se  severe  illness  and  death, 
due  to  their  potent  action  as  purpalives  and 
laxatives.  Cucuinis  inetulifeius  contams  cucur* 
bitacin  B,  a  triteipene  known  to  ediibit  cyto- 
toxic  antitumour  and  anti-inflammatoty  ac- 
tivities. 

Deaoriptfon  Vigorous  annual  herb  with 

climbing  or  prostrate  stems,  having  soUtary, 
simple  tendrils  4-10. .5  cm  long:  root  system 
strong,  fibrous;  stems  reaching  several  m  in 
length,  grooved,  with  long  stiff  spreading  hairs. 

I.,eaves  altern,-it(^  simple:  .stipules  absent:  peti- 
ole .3-12  cm  long,  setose;  blade  ovate  or  pen- 
tagonal in  outline,  3.5-14  cm  x  3.5-13.5  cm, 
shallowly  palmately  3-5-lobed,  hispid  setulose 
especially  on  veins  below,  becoming  scabrid- 
punctate.  Flowers  unisexual,  regular,  5-me- 


Ctiriimia  nietulifents      1,  pari  of  stem  with 

male  and  female  flower;  2,  fniit. 

Redrawn  <md  adtipted  by  Aehmad  Satiii  Nur- 

hamcui 
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rous:  sepals  filiform,  2-1  mm  long;  petals 
united  at  base,  0.5-1.5  cm  long  yellow;  male 
flowers  in  1-10-flowered  tVisrirk-s.  with  pedicel 
2—18  mm  lonj;.  stamens  '■]  (cmMle  flowfrs  soli- 
tarj',  with  pedicel  5-35  mm  long,  ovaiy  mt'e- 
rior,  ellipsoid,  1-2.5  cm  long,  covered  with 
large  soft  spines,  stigma  .3-lobed.  Fruit  an  ob- 
long-cylindrical  berry  6-16  cm  x  3-9  cm,  on  a 
stalk  2—7  cm  long,  rounded  at  both  ends  and 
beset  with  stout,  broad-based,  spiny  protuber- 
anres  1-1. .t  cm  lonp,  dark  mottled  green  ripen- 
ing through  yellow  to  bright  orange,  many- 
seeded.  Seeds  narrowly  ovoid.  5-8  mm  long, 
(oinjiressed  with  rounded  margins^  sericeous 
hairy. 

Other  hotenioal  infomuittoik  Most  of  the 

approximately  30  Cumin  is  species  are  native 
to  Africa  l>ut  the  cucumber  (Cucuniis  satinis 
L.)  probably  origmates  from  India.  Cucumia 
metuUferua  with  its  "homed  fruits'  and  hairy 

seeds  IS  ijcneticnlly  more  closely  relnterl  to 
mdon  {Cucuinis  inelo  L.)  than  cucumber,  but 
has  proven  to  be  cross-incompatible  with  other 
species.  Based  on  meiotic  and  crossiiit;  studies, 
flavonoid  patterns.  clilnni(il;isl  DXA  data,  and 
isozyme  analyses,  Ciicuinis  iiicitiliferus  is  iso- 
lated from  the  other  species  in  the  genus. 
Spec-imcns  with  nnn-hitt(^r  fruits,  totally  lack- 
mg  spmy  protuberances,  have  been  observed 
both  in  the  wild  and  under  semi-cultivated 
conditions  near  lUilawayo  (Zimbabwe). 

Growth  and  development  .\t  optimum 
temperatures  of  20-35''C  seed  germmution 
takes  place  in  3-8  days.  Below  8"C  germination 

is  completely  iiiliiliiti-d  Vetjetative  stem 
growth,  either  climbmg  or  sprawling,  exhibits 
typical  cucurbit  exuberance  and  the  plants  are 
capable  of  smothering  nearby  plant  growth. 
Flowering  starts  about  H  weeks  after  sowing, 
with  male  flowers  appearing  first,  followed 
after  several  dajrs  by  female  flowers.  Pollina- 
tion is  by  insects.  Tn  experiments  in  Israel 
maximum  fruit  weight  (on  average  200  g)  was 
readied  30-40  days  after  pollination,  and  the 
main  period  of  fruit  ripening  on  the  plant  in 
terms  of  changes  in  fruit  const itui>nts  and  col- 
our (from  green  to  yellow)  occurred  37—51  days 
after  pollination.  Under  field  conditions,  time 
from  sowing  to  harvest  was  .15  months. 
In  Zimbabwe,  sweet-fruited  plants  reseed 
themselves  with  little  management  and  protec- 
tion. Flruits  continue  to  be  sweet,  barring  the 
ocrasionnl  pollinatinn  by  bitter-fruited  wild 
plants.  Fruits  of  horned  melon  in  southern 
Africa  continue  ripoung  after  the  cessation  of 
the  rainy  season,  long  after  the  stems  have 


died  back. 

EUiology  The  natural  habitat  of  horned 
melon  ranges  from  low-altitude  riverine  semi- 
evi-rgreen  forest  to  semi-arid  highlands  and 
Kalahari  sands.  Horned  melon  is  a  warm- 
season  grower  in  tropical  to  subtropical  re- 
gions, and  does  not  tolerate  cold  conditions.  It 
occurs  at  altitudes  from  near  sea  level  to  1800 
m.  In  southern  Africa  seeds  germinate  with  the 
summer  rains  when  night  temperatiures  are 
above  12°(  '.  .\  semi-ariH  climate  with  a  warm- 
season  ramfall  regime  appeal's  to  enhance  the 
firuit  ripening  stage,  allowing  fruits  to  develop 
their  full  ilavdui-,  Plants  tnlc  rate  a  wide  range 
of  soil  types  throughout  their  natural  distribu- 
tion area. 

Propagation  and  planting  Ciicutiiis  iiw- 
tiiiifenis  is  propagated  by  seed.  The  1000-seed 
weight  IS  about  14  g.  Seed  may  be  sown  di- 
rectly or  seedlings  are  transplanted  when  they 

have  two  true  Ie.i\es.  The  n|)ljnuim  time  of 

planting  is  when  soil  and  air  temperatures  are 
above  Id'C  A  planting  density  of  10,000  plants 
per  ha  1"  I  1  ^unil  yields  in  Israel.  In  Spain 
direct  planting;  of  seed  retarded  production:  the 
use  of  transplants  with  well-developed  root 
^sterns  was  recommended. 

Management  Horntnl  melon  may  be  irrow  n 
under  field  conditions  similar  to  cantaloupe 
melon  or  cucnmber.  In  Spain  field-grown 
plants  using  supports  did  not  produce  as  satis- 
factorily as  those  grown  without,  and  this  was 
thought  to  be  due  to  climatic  factors,  princi- 
pally the  wind.  Greenhouse  planting  is  an  op- 
tion  in  which  case  pollinators  must  be  intro- 
duced at  the  time  of  flowering.  According  to 
local  soil  conditicMis  and  soil  test  recommenda- 
tions, compost,  manure  or  inorganic  fertilizers 

can  be  incorporated. 

Diseases  and  pests  in  southern  Africa 
homed  melon  plants  are  seldom  aff»eted  by 
diseases  or  pests  in  their  natural  habitat.  Cw- 
cumia  melulifenia  is  sus(^ptible  to  cucumber 
mosaic  virus,  tobacco  ringspot  virus,  tomato 
ringspot  virus,  watermelon  mosaic  virus  2,  and 
a  severe  strain  of  bean  yellow  mosaic  \-'\ru<^ 
Some  accessions  are  susceptible  to  Fusanum 
wilt  (Fiiaarium  m^spoium).  Plantings  in  Israel 
were  affected  powderj-  mildew  {Sphaero- 
theca  ftUiginea)  and  squash  mosaic  virus. 
Greenhouse  plantings  in  Spain,  with  high  tem- 
peratures andhumiditv  were  affected  by  pow- 
der>'  mildew  (Erysiphf  cirliomcpaniin)  and  the 
greenhouse  white  fly  (Tnaleui-odea  lapomri- 
omm),  but  field  plantings  were  unaffected. 
African  homed  mel<»i  is  resistant  to  the  musk 
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melon  yellow  virus.  Some  accessions  arc  highly 
resistant  to  watermelon  mosaic  virus  1,  due  to 
a  single  completely  dominant  gene,  and  hyper- 
Bensitive-rcsistant  to  squash  mosaic  virus 
An  orange  and  black  cucui'bit  beetle,  Sonchia 
pectoraUB,  has  been  observed  damaging  tiie 
leaves  of  yount,'  plnnts  Init  not  to  the  extent  of 
harming  overall  growth.  The  ubiquitous  pump- 
kin fly.  whidi  ravages  other  cucurbit  crops  in 
southern  .MVicri,  docs  not  attack  homed  melon. 
1  ['iirii  il  nK'lon  is  hifjhly  rcsislnnt  to  root -knot 
nematodes  (Meloidogyne  spp.>.  Resistance  to 
powdery  mildew,  melon  aphid  {Aphis  goaaypU^, 
greenhouse  white  fly  and  Fusarium  wilt  has 
been  recorded  in  several  accessions. 

Harvesting  Stems  of  homed  mekm  die  hade 
at  the  end  of  the  growing;  season  while  the 
fruits  remain  attached  and  contmue  ripening 
to  a  bright  orange  colour.  They  may  be  har- 
vested over  successive  months.  Immature 
fruits  may  be  han'ostrd  at  any  tiin<'  <iiirin<;  the 
growmg  period.  Care  is  needed  during  picking 
because  the  stiff  sharp  hairs  on  the  stems  and 
the  spiny  'horns'  on  the  fiiiits  can  easily  punc- 
ture the  skin:  it  is  recommended  that  glu\ cs  be 
worn  for  harvestmg.  For  home  consumption 
leaves  are  picked  from  plantings  or  are  col- 
If-i  ti  il  fi-om  wild  plants. 

Yield  There  are  no  records  on  yield  from 
Africa.  In  New  Zealand  growers  harvest  up  to 
20  i/ha  of  homed  melon  fruits,  in  California 
about  H  t/ha.  rowers  in  Israel  han'ested  ap- 
proxanately  230,000  fruils/ha,  fruits  weighing 
on  average  200  g,  totalling  46  t/ha.  Results  of 
experiments  i-ondueted  in  Spain  showed  that 
each  plant  produced  on  average  66  fruits 
weighmg  15  kg. 

Handling  after  harvest  Fruits  should  not 
be  stacked  without  protective  roverinp;  the 
sharp  spmes  easily  puncture  the  skin  of  other 
finiits,  causing  a  dark-orange  to  reddish  dis- 
charge from  the  wounds.  The  spim  s  m.iy  he 
rendered  less  harmful  by  use  of  sandpaper  or  a 
file.  Fruits  have  an  exceptionally  long  keepmg 
quality  at  rootn  temperature  and  may  be  kept 
for  many  months  without  losing  their  deeora- 
live  appeal.  Fruits  picked  at  the  onset  of  ripen- 
ing and  kept  at  24°C  were  undamaged  after 

three  month of  storage,  though  they  failed  to 
develop  the  desired  orange  colour.  Ethylene 
treatment  resulted  in  fruit  colour  changing 
from  green  to  yellow  in  three  days,  but  had  no 
effect  on  total  soluble  solids  levels.  There  was  a 
rise  in  reducing  sugars  durmg  storage,  unre- 
lated to  ethylene  treatment.  Fruit  ripened  on 
the  stem  showed  hi^er  values  for  total  soluble 


solids  and  reducing  sugars.  At  20°C  30%  spoil- 
age among  stored  fruits  occurred  by  day  37, 
and  at  storage  temperatures  below  12°C  all 
rii)e  fruits  spoiled  within  days  Chilling 
symptoms  in  the  form  of  opaque  rmd  spots 
appeared  on  the  fruit  surface  when  finite  were 
stored  at  4°C;  cold  storage  is  therefore  not  rec- 
ommended. 

Genetic  resources  Germplasm  of  homed 
melon  is  held  at  the  National  Plant  (Jenede 
Resources  Centre  in  Windhoek  Namibia  and 
in  the  United  States  (Department  of  Agricul- 
ture, North  Carolina  Plant  Introduction  Sta- 
tion). In  the  wild  Cuaiiuis  riwliilifi'ms  is  wide- 
spread and  occurs  in  a  variety  of  habitats,  so 
there  is  no  reason  to  consider  it  liable  to  ge- 
netic erosion . 

Breeding  Fruit  quality  in  horned  melon  is 
measured  by  colour,  size,  taste,  acidity  and 
aroma.  Original  cultigens  tested  were  found 

somewhat  lackintj  in  the  taste  factor,  however 
these  lines  were  being  tested  for  plant  vigour 
and  pest  and  disease  resistances.  There  is  a 
need  to  identify  sweet-fruited  cultivars.  More 
recent  studies  with  germjdasm  from  Botswana 
and  Zimbabwe  showed  promismg  results  fur 
increased  size  and  improved  taste.  Within  the 

germplasm  being  grown  in  Zimbabwe  and 
South  Africa,  cultivars  are  found  with  large  (up 
to  18  cm)  fixuts;  they  are  orange  when  ripe  and 
have  pleasantly  tasting  flesh,  used  as  an  at- 
tractive ingredient  in  fruit  salads.  Ciinimis 
mettili ferns  possesses  important  genes  for  dis- 
ease and  pest  resistance  that  would  be  of  b«se- 
fit  to  the  gene  poo]  of  other  commercially  im- 
portant Cucuinia  species,  i.e.  musk  melon  and 
cucumber,  if  they  could  be  transferred.  How- 
ever, many  attempts  by  various  research 
groups  to  introduce  these  genes  using  tradi- 
tional sexual  hybridization  methods  have  not 
been  successful  due  to  strong  incompatibility 

b.irriers.  Neither  embrj'o  culture  nor  somatic 
hybridization  by  protoplast  fusion  has  pro- 
duced successful  results  to  date. 

Prospects  The  prospects  for  homed  melon 
as  a  subsistencv  leafy  vegetable  are  rather 
poor,  but  as  a  cultivated  cucuraber-like  vegeta- 
ble or  dessert  firuit  it  has  a  bright  future.  'Hie 
immature  green  fruits  are  highly  prized  in 
Zimbabwe.  Because  of  the  somewhat  insipid 
taste  of  the  cultivars  being  grown,  it  has  not 
caught  on  as  a  dessert  fruit  or  cucumber  sub- 
stitute in  the  I  nited  States  and  Europe  to  the 
extent  that  marketers  had  hoped.  Lintil  the 
flavour  can  be  improved  to  the  satisfaction  of 
the  consumer,  the  present  mariceting  technique 
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for  homed  melon  is  as  n  decorative  ornamental 
firuit.  Given  its  unique  form  and  appearance, 
together  with  its  appealing  orange-ripe  colour 
plus  an  extended  shelf  lilV.  Ciniiini))  ine- 
iuUferus  rightfully  deserves  centeipiece  fruit- 
bowl  attention.  "Hie  preferred  climate  pattern 
of  warm-season  nun  followed  by  a  dry  cool  se;i- 
80U  could  be  an  important  consideration  m  any 
future  sucoessftil  commercial  growing  venture. 
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CucuMis  MYRIOCARPUS  Naudin 

Protoloffue  Ann.  Sci.  Nat.  Bot.,  s^r.  4,  11: 

22  (1859). 
Family  Cucurbitaceae 
Chromoaome  number  2n  =  24 
Synonsnus  Cuaimia  Uptodermia  Sdiweidc. 

(1933) 

Vernacular  names  Gooseberry  cucumber, 
priddy  paddy  cucumber  (En). 

Origin  and  geographic  distribiitioii  f^iini- 
mia  myriocarpus  originates  from  Zambia,  Bot- 
swana, Zimbabwe,  Mozambique,  South  Afirica 
and  Lesotho.  It  has  been  inttodui « i]  in  sev*  nd 
other  regions  and  has  become  nalurnlr/i  il  in 
southern  Europe,  California  and  Australia. 
Locally  it  is  considered  a  weed;  in  California  it 
has  been  declared  noxious. 


Uses  Leaves  of  Cucumis  myriocarpus  are 
collected  in  the  wild  for  use  as  a  cooked  vegeta- 
ble. The  fruit  pu^  is  widely  used  as  an  emetic 
and  purgative.  Overdosing  nnd/ur  inclusion  of 
seeds  in  the  pulp  have  been  blamed  for  fatal 
cases  of  poisoning.  Cucumis  myrioearpu»  is 
suspected  of  ejiusing  photosensitization  in 
sheep  and  blmdness  m  cattle.  However,  reports 
on  medicinal  use  and  toxicity  of  Cummis  myri' 
ocarpus  nre  susptn-ted  of  wrong  identification, 

nnd  m:)y  I'l'Tci-  to  other  speries. 

Properties  The  nutritive  value  of  the  leaves 
is  unknown,  but  probably  it  is  comparable  to 
Cucumis  afrirainis  L.f  leaves  and  other  dark 
green  leaf  vegetables.  Fresh  fruits  of  Cucumis 
myriocarpua  contain  cucuibitacins  A  and  D. 
Cucurbitacins,  which  are  known  from  many 
Cum rhitnci'it''  and  various  other  fdant  species, 
exhibit  cyloloxicily  (including  antitumour  ac- 
tivity), anti-inflammatoiy  and  analgesic  activi- 
ties. 

Botany  Annual,  monoecious,  prostrate  or 
scandent  heib,  with  simple  tendrils;  stems  up 

to  2  m  long.  Leaves  snii|)le.  alternate:  petiole 
1.5—10  cm  lon^:  blade  l>roadly  ovate,  very 
deeply  palmately  o-lobed,  2.5-10  cm  x  2—7.5 
cm,  shallowly  cordate  at  base,  lobes  elliptical, 

each  asxain  rather  deeply  H— .^-lobed.  Flowers 
unisexual,  regular,  6-merous:  receptacle  2—5 
mm  long;  .sepals  1-3  mm  long:  petals  3-(>(-10) 
mm  long,  pale  yellow;  male  flowers  1-2  (rarely 
more)  together  pedicel  0  n-'IJi  cm  long  sta- 
mens 3;  female  flowers  solitary,  together  with 
male,  pedicel  1.5-4.5  cm  long,  ovary  shortly 
and  softly  spiny,  Fruit  a  globose  to  ellipsoid 
berry  3-6(-9)  cm  x  1.6—2.6  cm,  with  spines  up 
to  2  mm  Im^;  fruit  stalk  4.5-7  cm  long,  slen- 
der. Seeds  ellipsoid,  5-6  mm  x  2.6-3  mm  x  l- 
1.6  mm. 

The  genus  Cucumis  includes  about  30  species, 
4  of  which  are  economically  important:  cucum- 
ber (Cncutnis  .taliru.s  L ),  melon  and  snake 
cucumber  {Cucumis  melo  L.),  West  Indian 
gherkin  (Cueumia  anguria  L.)  and  homed 
melon  {Cucumis  metulifeius  Naudin).  Cucumis 
myriocarpus  is  placed  in  the  anguriti'  group  of 
the  subgenus  Melo.  Two  subspecies  are  distin- 
guished based  on  fruit  diaracteristics:  subqp. 
Irptoifci-niis  (Schweirk.)  C Jeffrey  &  P.Halliday 
is  conlmed  to  South  Africa,  subsp.  myriocarpus 
has  a  mudi  wider  distribution  and  differs  from 
the  former  by  its  fruits  having  a  moxe  distinct 
jmltern  of  stripes  (dark  green  pole  green, 
white,  purplish,  brown  and  rusty  orange)  and 
being  drasefy  covered  with  spines. 
Boology  (hieumia  myriocarpua  is  found  in 
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open  localities  in  {n'o^^lfincl  and  wooded  grass- 
land, especially  on  sandy  soils  at  altitudes  of 
350-2000  m.  It  is  frequently  found  as  a  weed  of 
cultivnti'd  hiiul  and  ii  rit,'at ion  furrows. 

Management  in  southern  Africa  Cucuinis 
myriocarpua  is  an  important  weed  in  maize 
fi^da.  Poisoning  of  cattle  grazing  the  stubble  of 
weedy  fields  is  a  serious  risk.  As  a  weed  it  can 
easily  be  controlled  mechanically. 

Genetic  reaonrces  and  breeding  As  Cu- 
cuniis  niyri'nrnrpiis  is  wiHrspread  and  common 
it  is  not  threatened  by  genetic  eixision.  There 
are  genebank  accessions  recorded  in  Germany, 
the  C/.vvh  Republic.  Spain,  the  United  King- 
dom and  the  United  States. 
Within  the  'anguria'  group  of  about  16  spiny- 
finited  Cucumia  species  to  which  Cucuinis  aii- 
ffirui  belongs  as  well,  there  are  no  major  ban  i- 
ers  to  gene  exchange.  Several  inlerspecii'ic 
crosses  have  been  made  in  this  group.  Individ- 
ual plants  of  Ciictnuiji  m yriocotpu*  have  brm 
found  with  intermediate  resistance  to  downy 
mildew  (Paaidoperonospora  cubensU)  and  re- 
sistance to  scab  {Cladospoiiti III  ciicumerinum). 

Prospects  As  n  Vfyetable  riiciitiiis  iiiyri'o- 
carpus  will  remain  only  locally  of  some  impor- 
tance and  its  spread  is  to  be  discouraged.  It  is 
promising:  as  a  source  of  disease  and  pest  resis- 
tance for  economically  important  Cucuinis  spe- 
cies. 

Major  references  Jeffrey,  ('.  197.'i;  fleffrey. 
C.  1978;  Staub  d.E.  &  Pnlmcr.  M.J..  1987; 
Watt,  J.M.  &  Breyer-Brandwijk,  M.G.,  1962. 

Other  references  Kiridiride  Jr.,  J.H.,  1993; 
Meeuse  A  D  J   1962;  Schippers,  R.R,  2000. 
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CUCUMlS  SATIVUS  L. 

Fiotologiie  Sp.  pi.  2:  1012  (1763). 

Family  (""ucxi  rl  ■  i  i  n ;  •  > i  ■ 

Chromosome  number  2u  =  14 

Vernacular  namea  Cucumber,  gherkin 
(En).  Concombre,  comichon  (Fr).  Pepino  (Po). 
Tango  (Rw) 

Origin  and  geograpliic  distribution  Cucu- 
mis  satwua  is  believed  to  have  originated  in  the 

southem  Himalayan  foothills  region  of  .\si.i. 
The  wild  Cucuinis  sativus  var.  luiiduichii 
(Royle)  Gabaev  (sjmonj'm:  Cucumia  hardwieiai 
Royle),  which  is  seen  as  the  possible  progeni- 
tor, can  still  In-  fnund  there.  It  has  small,  verj' 
bitter,  spiny  fruits,  and  is  fully  compatible  with 
Cucumia  aativua.  An  alternative  view,  however, 
suggests  that  var.  hardwiekii  is  a  derivative 


Cucumia  aaUvua  -  planted 

that  escaped  from  cultivation. 

Tucumber  is  said  to  have  been  cultivated  in 
India  for  at  least  3U00  years  and  in  eastern 
Irim  and  China  probably  for  2000  years.  China 
is  considered  a  s<  <  (iodaiy  centre  of  genetic  di- 
versification. Cucumber  was  carried  to  Europe 
before  our  era  and  was  introduced  mto  the 
New  World  by  early  travellers  and  explorers. 
Tn  tropical  Afirica  it  probably  arrived  first  in 
the  west  with  the  Portuguese.  Cucumber  is 
now  cultivated  worldwide.  In  tropical  Africa  it 
can  be  found  on  all  city  maiicets  and  is  common 
in  most  suporni.arkets. 

Uses  The  mum  use  of  cucumber  is  for  the 
immature  fruit  in  salads,  either  with  the  skin 
or  peele<l,  Fruits  are  sliced  or  cut  intn  pieces 
and  served  with  vmegar  or  a  dressmg,  on  their 
own  or  mixed  with  other  vegetables.  Young 
fruits  of  special  small-fruited  cultivars  called 
gherkin'  are  pickled  in  vinegar.  Younc  or  ripe 
cucumber  fruits  are  occasionally  used  as 
cooked  vegetables  or  made  into  diutney.  Lo- 
cally in  Asia  types  with  large,  white  or  yellow 
fruits  are  boiled  and  eaten  as  an  ingredient  of 
stews,  young  shoots  are  consumed  as  a  leafy 
vegetable,  and  seeds  are  consiuned  or  used  to 
extract  an  edilile  od  imt  these  uses  have  not 
been  recorded  for  Alrica.  In  tropical  .Africa  cu- 
cumber is  considered  an  exotic  or  Western 
vegetable  of  relatively  recent  int  i-.:iiluct  ion, 
mostly  used  by  city  consumers.  However,  it  is 
rapidly  gaining  popularity  in  the  African 
kitchen;  in  East  Africa  it  is  regularly  used  in 
kachumbari',  a  kind  of  African  coleslaw. 
Ripe  raw  cucumber  fruits  are  said  to  cure 
sprue,  and  in  Indo-Ghina  cooked  immature 
fruits  are  given  to  children  to  treat  dysentery. 
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The  seed  has  some  anthelmintic  property.  Cu- 
cumber extract  is  known  to  have  cleansing, 
soothing,  and  softening  properties:  it  is  used  as 
■in  ingredient  in  a  variety  ot'health  and  beauty 
products  for  the  skin.  Cucumber  peel  when 
eaten  by  oodcroaches  is  reported  to  kill  them 
after  sovcriil  niRhts  Xon-food  uses  of  cucumber 
are  not  common  m  Africa. 

Production  and  international  trade  In 
2002  the  world  area  under  Ciiriiinis  .sdlitii.H 
was  estimated  at  about  2  million  h.i  with  a 
total  production  of  36  million  t.  Asia  is  the 
world  leader,  with  China  alone  accounting  for 
over  60%.  Cucumber  is  giown  in  all  countries 
of  tropical  Africa,  but  nowhere  on  a  large  acale. 
la  2002  Africa  produced  607,000  t  on  26,000 
ha,  accounting  for  just  under  1.5%  of  produc- 
tion. Egypt  is  the  largest  .\fi-ican  producer  with 
360,000  t.  Detailed  data  on  countries  of  tropical 
Africa  are  lacking.  International  trade  in  2002 
nmnimted  to  1.5  million  t,  with  Mexico,  the 
Netherlands  and  Spain  as  the  main  exporters; 
international  trade  bom  Afiican  countries  is 
modest  and  unrecorded. 

Properties  Ttn'  nutritional  composition  of 
cucumber  per  100  g  edible  portion  (ends 
trimmed,  not  peeled,  edible  part  97%)  is:  water 
9f).4  g,  energj-  42  kJ  (10  kcal),  protein  0.7  g,  fat 
0.1  g,  carbohydrate  1.5  g,  dietaty  fibre  0.6  g,  Ca 
18  mg,  Mg  8  mg,  P  49  mg,  Fe  0.3  mg,  Zn  0.1 
mg.  carotene  60  |ig,  thiamin  0.03  mg,  riboflavin 
0.01  mg  niacin  0  2  mg,  folate  0  pg  ascorbic 
acid  2  mg  (Holland,  B.,  Unwin,  l.D.  &  Buss, 
D.H.,  1991).  The  edible  portion  is  about  85% 
when  peeled.  Seed  kernels  contain  approxi- 
mately 42%  oil  and  42%  protein. 
The  bitter  principle  cucurbitadn  C  occurs  in 
CueumU  aaiwus.  Cucurbitacins  are  terpene 
components  in  the  foliage  and  fruits  the  evolu- 
tionary role  being  to  protect  the  plant  against 
hetbivore  attadc.  As  a  result  of  breeding,  mod- 
em cultivars  are  not  bitter.  The  presence  of  a 
saponin  and  the  slightly  poisonous  alkaloid 
hypoxanthine  might  explain  the  anthelmintic 
propei  ty  of  the  seed. 

Adulterations  and  substitutes  Tin  fruits 
of  Cucuini^  aitgitna  L.,  the  West  Indian  gher- 
kin, may  replace  those  of  Cueumia  sativus  for 
pickling,  and  the  fruits  of  snnke  melon  (QtCU- 
mU  melo  L.)  for  pickling  and  fresh  use. 

Description  Annual  monoecious  heib  with 
trailing  or  scandent  stems  up  to  i")  m  long,  hav- 
ing simple  tendrils  up  to  30  cm  long:  .stem  l-.'i- 
angled,  sparingly  branched,  with  bristle-like 
hairs;  root  ^stem  extensive  and  laigety  super- 
ficial. Leaves  alternate,  simple;  stipules  ab- 


Cueumis  sativua  -  J,  flowering  mid  fruiting 
9hoot;  2,  female  flower  in  loHgHudintMl  section; 
3,  fruit. 

Source:  PROSEA 

sent:  petiole  r>-2()  cm  long  blade  triangular- 
ovate  ill  outlme,  7-20  cm  x  7-15  cm,  palmately 
3— 7-lobed,  deeply  cordate  at  base,  acute  at 
apex,  toothed,  bristly  hairj",  Flowers  unisexual, 
regular,  5-merous;  sepals  narrow  !>  triangular, 
0.6—1  cm  long;  corolla  widely  i  ampanulate, 
lobes  up  to  2  cm  long,  yellow;  malc»  llowers  in 
3— T-flowered  fascicles,  with  pedicel  0..5-2  cm 
long,  stamens  3;  female  flowers  solitary,  with 
pedicel  short  and  thick  up  to  0.6  cm  long, 
lengthening  in  friiit  up  to  r>  cm  ovary  inferior, 
ellipsoid,  2-5  cm  long,  pricklj'  hairj'  or  warty, 
stigma  3-lobed.  Fruit  a  pendulous,  globose  to 
cylindrical  berry  up  to  over  30  cm  long,  often 
slightly  curved,  beset  with  spinous  tul)ercles 
and  warts  when  young,  skin  usually  green,  but 
in  some  cultivars  white,  yellow  or  brown,  flesh 

pale  green  many-seeded.  Seeds  ovalc-olilong  in 
outline,  8-10  mm  x  3-6  mm.  compressed, 
white,  smooth.  Seedling  with  epigeal  germina- 

t  ion 

Other  botanical  information  With  their 
chromosome  number  of  2/i  =  14,  cucumber  and 
its  wild  relative  are  different  from  all  other 
members  of  the  genus,  whidi  have  2n  =  24.  It 
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is  also  tho  only  Ciiciiinis  spccios  thought  to 
have  originntpd  in  Asia;  the  other  species  are 
indigenous  to  AlVita.  Cucuiiiis  angtuia  is  often 
rrtniuscj  with  (he  small  cucumtier  types  that 
are  used  for  pickles,  since  both  are  commonly 
called  '^ei4dn'. 

A  satisfactory'  classification  of  the  cultivated 
cucumber  does  not  exist.  A  large  variation  of 
fruit  shapes,  sizes,  colours  and  rind  character' 
istics  can  be  found  in  differenl  combinations, 
and  numerous  cultivnrs  have  ht^en  developed 
all  over  the  world.  Commonly  cultivated  types 
include: 

-  American  sheer  fruits  dark  gi-een.  smooth- 
sl<mned  but  quite  spiny,  medium-sized;  p<qHi- 
lar  open -pollinated  cultivars  grown  woridwide 
are  Marketmore  76'.  Poinsett  76',  'Ashley', 
and  the  hybrids  ryelone  and  the  gj'noecious 
Dasher  11';  the  hybrid  Kande  was  specifically 
developed  for  tropical  cUmates  by  East-Weat 

Seed  Company:  popular  open-prillinaled  ridti- 
vars,  as  well  as  hybnds  such  as  Tokyo'  and 
'Olympic'  aie  distributed  in  Africa  by  Tedi- 

nisem. 

-  European  greenhouse  cucumber:  fruits  verj' 
long,  slim,  nearly  spineless  but  with  a  rough 
fdkin,  grown  in  greenhouaes;  cultivars  are  all 
hybrids  fTj-noprious  anrl  with  paithenoCBipic 
fruit,  e.g.  Mystica  and  'Sabrina'. 

-  Beit  Alpha:  mainly  grown  in  and  around  the 
ftifiddle  East:  fi-uits  medium-sized,  with  a 
somewhat  libbed  though  spineless  skin;  often 
gynoecious  and/or  parthenocarpic,  e.g.  the  hy- 
brids 'Basma'  and  'Excel',  distributed  in  Africa 

l>y  Technisctn 

-  Picklmg  cucumber;  usually  a  bit  smaller  than 
slioers,  around  16  cm  or  less,  often  with 
prominent  warts,  used  for  produel  mn  of  pick- 
led fruits  (gherkins):  enmmnn  and  f  jopular  cul- 
tivars are  Calypso  and  Eureka ,  bush  types 
audi  as  "Little  Leaf  require  less  space  and  set 
fruits  simuUnneou.sly. 

-  Wliite  cucumber:  grown  in  India,  i>n  Lanka, 
and  other  Asian  countries;  fruits  with  white 
smooth  sldn,  medium-  to  large-sized:  a  popu- 
lar cultivar  is  'Ixmg  VMiite'  h\  lirids  are  also 
available,  e.g.  Keisha  from  East-West  Seed 
Company  and  'Shivneri'  from  Seminis. 

-  .\sinn  or  mottled  rurumber:  popular  in  many 
southern  and  eastern  Asian  countries;  many 
hybrids  are  available  in  fruit  sizes  ranging 
from  mini  (around  7  cm),  e.g.  'Kiros'  (East- 
West  Seed  Company)  to  medium-sized  e.g. 
Ninja  (Chia  Tai)  and  Kasmda  (East-West 
Seed  Con^iany). 

-  Chinese  and  Japanese  (ori^tal)  cucumber: 


fnaits  relatively  long,  slim,  rather  spiny:  in 
southern  China  sometimes  with  black  spines, 
in  Japan  perfect  size  22  cm  x  2-3  cm,  white- 
spined:  (^hinesf  eultivars  include  Beijing  Da- 
chi   and   Canfeng  3   ii-om  GAAS,  popular 
Japanese  hybrid  cultivars  are  'Sharp  1'  and 
N'ao-Yoshi  from  Sait.irna  Gensyu  Ikuseikai. 
In  tropical  Africa  mamly  slieinu  rmumber  is 
grown,  for  which  mostly  the  t)j)rn -pollinated 
cultivars  Ashley*  and  'Poinsett'  are  used.  Beit 
.Alpha   types   are   also   grown,    especially  in 
northern  Africa.  Picklmg  cucumber  is  planted 
as  well,  but  this  may  often  be  Cucumu  angaria 
instiMi!  of  Curiimis  .Htttini.t 

Growth  and  development  Germination 
takes  3  days  at  optimum  temperatures.  Flow- 
ering nui  ntally  starts  40-46  days  aft^  sowing, 
but  early  cultivars  such  as  Kiros'  can  start 
flowering  within  30  days.  The  female  flowers 
develop  later  than  the  more  numerous  male 

flowers.  The  ratio  male/female  flowers  largely 
depends  on  daylength,  temperature  and  culti- 
var. Long  days  and  high  temperatures  tend  to 
keep  the  plants  in  the  male  phase  or  change 
the  ratio  to  a  higher  male  proportion. 
Several  growth  regulators  can  be  used  to  mllu- 
ence  eex  expression;  spraying  of  ethephon  in- 
du<"es  female  flowering.  Many  modem  cucum- 
ber cultivars  are  g^noeciuus  (having  only  fe- 
male flowers).  To  increase  seed  of  a  gy  noecious 
line,  or  i  >  ust^  it  as  a  male  parent,  spraying 
with  silxrr  nitrate,  silver  thiosulfate  or  gibber- 
allic  acid  will  induce  male  flowering.  Concen- 
tration and  duration  of  spraying  dep«id  on  the 
genotype  and  the  intended  result:  usually 
spraying  can  start  at  the  2-3  true  leaf  stage, 
and  can  be  repeated  every  2  days  for  up  to  6 
times. 

For  gjTineeious  or  highly  female  roiltivars  that 
are  not  parthenocarpic,  commercial  seed  is 
usually  mixed  with  10-16%  of  a  highly  male 
line.  Rees  are  the  main  pollinating  agents  and 
should  be  sufficiently  available  for  good  fruit 
development.  Poor  pollination  results  in  de- 
formed or  curved  fruits.  However,  the  Ehiro- 
pean  parthenocarpic  greenhouse  cucumber 
should  not  be  pollinated,  since  this  will  result 
in  unwanted  seeded  fruits  and  fruit  deforma- 
tion. (Jreenhouses  are  th^pefore  kept  insect 
free  to  prevent  pollination. 
Fruits  are  harvested  1-2  weeks  after  flowering, 
dep«lding  on  the  genotype,  usually  before  they 
are  physiologically  mature.  Kreijuent  han'ost- 
mg  of  immature,  marketable  fruits  will  result 
in  a  continuation  of  new  fruitset  and  a  longer 
life  cycle  of  the  crop.  Large,  maturing  fruits 
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that  ore  left  on  the  plant  inhibit  the  develop- 
ment of  additional  fiiiits.  Verj'  early,  field- 
grown  cultivars  can  senesoe  quickly  and  may 
die  after  only  2-3  months  osiiocially  when 
diseases  start  to  affect  the  plants  during  fruit 
setting  stage.  The  crop  cjrcle  of  cucumber 
grown  in  glasshouses  in  Europe  can  be  at- 
tended to  around  6  months  under  specific  con- 
ditions. 

Ecology  Cucumber  requires  a  warm  cli- 

mafo.  Tn  mol  tompernfo  muntries  it  is  prown 
in  greenhouses;  only  durmg  hot  summers  can 
it  be  grown  in  the  open.  The  optimum  tempera- 
ture  fill-  fjmwfh  is  aliout  .30"C  and  the  oiitimum 
mght  temperature  18— 21'C;  the  minimum 
temperature  for  good  development  is  16*C. 
Pickling  cultivars  are  usually  more  adapted  to 
low  temperatures.  Sensitivity  to  daylength 
differs  per  cultivar;  short  du^lengths  usually 
promote  vegetative  growth  and  female  flower 
produrfion.  High  litrht  intensity  is  nofdcd  for 
optimum  yields.  Cucumber  needs  a  fair  amount 
of  water  but  it  cannot  stand  waterlogging.  Low 
relative  humidity  results  in  hig^  plant  evapo- 
ration due  to  the  large  leaf  area,  and  sufficient 
irrigation  is  then  very  important.  High  relative 
humidity  facilitates  the  occurrence  of  downy 

mildew.  The  soil  should  be  fertile  well-drained, 
with  a  pH  of  6.0—7.0.  In  tropical  Africa  eleva- 
tions up  to  2000  m  appear  to  be  suitable  for 
cucumber  eultivation. 

Propagation  and  planting  Cucumber  is 
propagated  by  seed.  The  1000-seed  weight 
ranges  fix>m  20^35  g.  During  soil  preparation 
generous  incorporation  of  organic  manure 
(about  25-35  t/ha)  is  required.  About  1—3  kg  of 
seed  is  needed  per  ha  depending  on  the  method 
of  sowing.  Direct  sowing,  whidi  is  .still  a  com- 
mon practice  especially  in  open  fields  requires 
larger  amounts  of  seed.  The  use  of  transplants 
will  result  in  a  more  uniform  crop  stand,  if 
dom-  |iro])orly.  Tn  open  fields  in  the  tropics 
seedlings  can  ah'ead^'  be  transplanted  after 
around  7  da3^  or  at  Hie  2-true-leaf  stage,  but  in 
cooler  areas  or  for  greenhouse  production  much 
older  tninsplants  of  up  to  33  days  are  used. 
When  direct  sown,  cucumbers  are  planted  on 
hills,  90-120  cm  apart,  with  several  seeds  per 
hill  and  thinned  to  2-3  plants,  or  (hey  are  sown 
in  rows  1-2  m  apart  and  thuined  to  30  cm  be- 
tween plants.  When  planted  as  a  ground  crop 
the  wider  distances  are  used,  whereas  for  trel- 
lised  crops  closer  planting  can  be  applied.  Cu- 
cumber cultivated  for  pickles  is  planted  closer, 
up  to  260.000  plants/ha. 

Management  Planting  on  raised  beds  will 


improve  drainage,  which  is  especially  impor- 
tant during  the  rainy  season,  and  can  support 
good  root  development.  The  use  of  plastic 
mulch  makes  weed  control  and  water  man- 
agement easier,  and  can  help  in  reducmg  in- 
sect populati<m8  at  an  early  stage.  Weed  con- 
trol IS  necessary  until  the  plants  cover  the  soil 
entirely.  Support  (stakes)  can  be  provided, 
which  will  generally  improve  fruit  quality,  re- 
duce disease  incidence  through  better  air  circu- 
lation  in  the  crop,  and  make  it  easier  to  pick 
the  fruits.  Irrigation  is  required  at  short  inter- 
vals; a  high  level  of  soil  moisture  should  be 
maintained  throughout  the  giDwiiiu  pi  riod. 
The  use  of  drip  irrigation  is  highly  recom- 
mended for  an  optimum  and  uniform  use  of 
available  water. 

Fertdizers  can  be  included  in  the  drip  system. 
Cucumber  responds  well  to  fertilizers.  In  addi- 
tion to  the  initial  organic  manure,  a  general 
recommendation  is  700  Ktr  lia  of  an  XPK  mix- 
ture, followed  by  N  fertihzer  every  2-3  weeks 
until  the  firuits  form.  However  it  is  always  best 
tn  b.isc  fertilizer  gifts  on  a  soil  analysis  before 
planting.  Micronutrients  are  also  essential  for 
a  good  development;  shortages  can  result  in 
strong  deficiency  qrmptoms  in  both  plants  and 
fruits  leading  to  lower  and  low  quality  yields. 
The  tip  of  the  mam  stem  may  be  nipped  off  to 
encourage  branching;  in  plants  with  veiy 
strong  vegetative  growth  lateral  shoots  may  be 
pruned  after  th(^  first  fruits  have  formed  to 
limit  leaf  and  llower  production.  Excessive  use 
of  N  promotes  stem  growth  and  the  production 
of  male  n<iWf  'i  s 

Diseases  and  pests  Aiany  diseases  and 
pests  can  afiCect  cucumber  in  all  stages  of  de- 
velopment. Leaf  diseases  that  can  result  in 
serious  damage  are  the  fungal  diseases  downy 
mildew  {Pseud operonospora  cubensis),  pow^dery 
mildew  (Bryaiphe  eiehoraeearum  and  ^hcmv- 

fhrra  fiiliffinra)  anthrncnose  (Cnlletntrichii m 
lagenariuin),  target  leaf  spot  (Corynespora  cas- 
micola)  and  gummy  stem  bUght  (Didymetta 
bryoniae),  as  well  as  the  bacterial  disease  an- 
gular leaf  spot  {Pseiiduiiio}Hts  Inrhryniaiis). 
Anthracnose  also  causes  symptoms  on  fruits. 
Good  air  circulation,  for  example  through  trel- 
lising  reduces  the  incidence  of  these  diseases 
to  some  extent.  Spraying  of  systemic  fungicides 
such  as  benomyl  (Benlate)  or  metalaxyl  (Ri- 
domil)  can  n'duce  spread:  they  can  be  alter- 
nated with  bi-ond  spectrum  fungicides  such  as 
copper  oxychloride  (Vitigran  Blue)  or  mancozeb 
(Dithane).  Other  wilting  in  cucumber  may  be 
caused  by  aoilbome  Fusarium  wilt  {Fiiaarium 
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o.vyspomm  f.  sp.  cucumerimim),  or  bacterial 
wilt  (Erwinia  iracheiphila),  which  is  spread  by 
cucumber  beetles.  In  protected  cuhivation  in 
tempi'i  iilf  countries,  especially  .Itii»ui  and  Ko- 
rea, graltmg  of  cucumber  on  CucuibUa  fici/olia 
Boudie  or  Cueurhita  maxima  Duchesne  x  Cu- 
curbita  iiioschala  Ducht  siH'  rootstock  is  often 
practised  to  avoid  soilborne  diseases  such  as 
root  rot  caused  by  the  fungi  Phomopsis  aele- 
rotioides  and  Fuaaruim  oxyspaniin:  no  cxperi- 
onco  with  prnffinp  in  Iropicnl  Africa  has  been 
reported.  Cucumber  is  susceptible  to  damping 
off,  resulting  in  seedling  death  soon  after 
emerKcm'c:  it  nccufs  more  often  when  the  soil 
is  poorly  drained,  and  can  be  caused  by  sex  -  i  il 
fungi,  e.g.  Pythiuin  spp.  or  Pltylop?Uhora  si^, 
some  of  whidi  can  also  cause  root  rot  in  older 
plants, 

Fruit  damage  can  be  caused  by  scab  {Cladospo- 
Hum  eueumerinum),  a  fungus  that  also  attadcs 
the  leaves  of  susropi  ililc  milt  ivars  by  bacterial 
soft  rot  (Envinia),  phytophthora  fruit  rot  (fhy- 
tophthora  capsici)  and  belly  rot  (Rhisoctonia 
aolanii.  Resistance  to  scab  is  widely  available; 
to  prevent  soft  rot  and  othn-  lottint;  of  fruits, 
fruits  should  be  handled  with  care  especially 
during  harvest  to  prevent  damage  as  much  as 
possible.  Wniinds  on  fruits  are  often  the  start- 
ing points  of  infection.  Belly  rot  is  soilborne 
and  infects  the  fruits  at  the  place  where  they 
touch  the  soil;  preventing  contact,  for  example 
through  the  use  of  mulch  or  trellis  systems  can 
prevent  this  disease.  Other  fungal  diseases 
observed  in  tropical  Africa  (Cdte  d'lvoire)  are 
AUemaria  ap.,  Ci'icospura  ci'livUina  (^Juuni- 
^hora  eueurbilamin,  MyroLlieciuin  i-uridum, 
Oidmm  tabaei  and  SeUrotium  rolfaii. 
Commonly  found  viruses  that  can  cause  con- 
siderable yield  losses  in  cucumber  in  the  trop- 
ics are  the  aphid-bome  cucumber  mosaic  virus 
(CMV),  zucchini  yellow  mosaic  virus  CZYMV), 
and  papaya  rinpspot  virus  (PRSV),  and  a  ranpe 
of  whitetlj'  transmitted  viruses  that  cause  yel- 
lowing, such  as  cucumber  vein  yeUowing  virus 
(CVT\0  and  cucumber  yellows  virus  (CYV). 
Anothi-r  important  \  irus  is  cucumber  green 
mottle  mosaic  \  irus  ((..'(JiMMV),  which  is  highly 
seed  transmitted.  Special  care  must  be  taken 
not  to  prow  seeds  produced  on  infi  i  lcd  i>Iant8; 
CGMAIV  can  be  easily  spread  mechanically, 
but  it  is  unknown  whether  there  is  an  insect  or 
other  vector. 

Root -knot  nematodes  (Mclnirloffyiir  spp)  can 
severely  affect  plant  growth  resultmg  in  stunt- 
ing or  wilting,  Uierdiy  reducing  yields. 
A  general  recommendation  is  to  grow  cucumber 


only  on  sites  where  no  other  cucurbits  have 
been  grown  for  a  number  of  years,  to  prevent 
soilborne  diseases.  Several  of  the  diseases 
mentioned,  such  as  angular  leaf  spot,  scab, 
anthracnose,  and  phytophthora  can  be  seed- 
borne.  Use  of  disease  free  seed  or  seed  treated 
with  chemicals  can  prevent  early  <lisease  infec- 
tion or  insect  attack  and  will  reduce  risk  levels 
considerably.  For  most  leaf  diseases  and  vi- 
ru.ses,  resistant  cultivars  are  available;  using 
the  relevant  cnes  is  a  good  way  to  minimis 
problems. 

Aphids,  whitefly  and  thrips  are  insects  that 

can  cause  major  problems,  mainly  because  they 
act  as  vectors  lor  viruses  or  diseases.  General 
insect  damage  may  be  caused  by  beetles,  leaf 
miners  and  leaf  hoppers.  The  melon  worm  or 
pyralid  moth  (Diuphaiiia  hyaliiiata)  and  led 
spider  mites  {Teltuiiychita  spp.)  may  cause 
much  damage  to  the  leaves,  and  fruit  flies 

(Darf/.s  cuciirhitap)  may  cause  fruit  rotting, 
Non-liittri  cultivars  are  more  susceptible  to 
dauuii.;e  li\  s|)ider  mites  than  bitter  ones.  The 
use  of  natural  insect  enemies  is  a  more  eayi- 
ronmentally  friendly  method  than  spraying 
chemicals  agamst  pests,  but  until  now  it  has 
mainly  or  exclusively  been  practised  in  pro- 

tected  cull  u  rit  ion  of  cii<-iimber. 

Harvesting  Cucumber  fruits  fur  fresh  con- 
sumption are  harvested  before  th^  are  fully 
mature;  depending  on  the  i\ pe  this  can  be  1—2 
weeks  after  flowerinp  The  moment  of  first 
harvest  is  10-60  days  after  sowmg,  dependmg 
on  climate  and  cultivar.  Harvesting  is  done 
every  otlier  day  to  eveiy  few  days  I^ir  pickluip 
types,  immature  fruits  of  several  stages  are 
harvested.  Cucumber  fruits  for  the  fresh  mar^ 
ket  harvested  by  hand,  but  pickling  types 
are  also  harvested  mechanically  all  in  a  single 
harvest,  especially  on  the  large  fields  in  the 
United  States.  For  seed  production,  the  fruits 

are  allowed  to  mature  on  the  plant. 

Yield  in  2002  average  world  yield  for  cu- 
cumber reached  18  t/ha,  but  the  range  is  ver>' 
wide.  For  Africa  few  data  are  available:  esti- 
mates fur  DR  Con«(i  and  Chana  are  1  and  10 
l7ha  respectively.  In  iropical  Asia,  countries 
such  as  Thailand,  Indonesia  and  India  have  an 

estimated  average  yield  of  just  below  10  t/ha. 
Hybrid  cultivars  in  Thailand  yield  over  100 
t/ha.  The  Ehiropean  Union  as  a  whole  produces 
an  average  of  90  tAia,  but  under  protected  con- 
dilions  in  greenhouses  this  can  be  even  higher, 
mainly  because  the  crop's  Ufe  cycle  is  extended 
considerably. 
Handling  after  harvest  Cucumber  fruits 
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should  br  treated  with  care  as  the}-  are  sensi- 
tive to  transportation  damage.  The  maximum 
storage  period  is  about  14  days  at  13°C  with  a 
relative  humidity  nf  9"%  Below  10  r*  chilling 
injurj'  may  occur  and  above  16  C  fruits  rapidly 
become  yellow.  Waxing  or  packaging  in  plastic 
film  reduces  moisture  loss.  In  tropical  coun- 
tries, &uits  will  usually  keep  an  acceptable 
marketable  quality  for  around  5  days  imless 
they  are  stored  under  cool  conditions.  After 
that  they  become  soft  and  lose  their  crispy  tex- 
ture, and  they  can  become  yellowish. 

Genetic  reaourees  Important  germplasm 
collections  are  available  in  the  Czech  Republic 
(Breeding  Station,  Kvetoslavov),  Germany  (In- 
stitute tor  Plant  Cultivation  and  Plant  Breed- 
ing, Braunschweig),  India  (Kerala  Agricultural 
University.  Trichur).  the  Netherlands  (Centre 
for  Genetic  Resources,  Wagemngen),  the  Phil- 
ippines (Institute  for  Plant  Breeding,  Los 
Banos)  Turkey  (.\.\RIR.  Nfenenion.  l/mir), 
Russian  Federation  (N.l.  Vaviiov  Institute  of 
Plant  Industry,  St  Petersburg),  United  States 
(NCRPIS.  Iowa  State  L  niversity,  Ames;  NSSL, 
T  'SDA-ARS  Colorado  State  University,  Colo- 
rado). 

BreecUng  Gmetically,  cucumber  is  one  of 

the  best  known  vefjetable  species  and  a  fjrenl 
deal  of  work  on  breeding  has  been  done.  The 
first  hybrid,  the  slicer  'Burpee  Hybrid',  was 
released  in  1945.  Gjrnoecious  sex  expression 
was  found  in  a  Korean  rultivar  Since  then  the 
development  of  hybrid,  gynoeuious  and 
parthenocarpic  cuHivars  has  led  to  extremely 
high  yields.  esjirci.iUy  in  cucumber  for  fresh 
consumption  cultivated  m  greenhouses.  Breed- 
ing of  disease-  and  pest-resistant  cultivars, 
( iimbined  with  better  cult  ivation  practices,  has 
led  to  more  than  thicofnld  increases  in  the 
yield  of  pickling  cucumber  over  the  past  60 
years. 

For  trnpicnl  .\fricn,  breeding  work  should  aim 
at  producing  suitable  cultivars  for  hot  and  hu- 
mid conditions,  with  the  necessary  disease 
tolerances.  The  French  company  Technisem 
focuses  on  breeding  for  the  tropics,  mainly  for 
Wesl  Africa,  with  experimental  stations  in  e.g. 
Senegal,  Mali,  Benin  and  Cameroon  under  the 
name  Tropic-isem.  For  cucumber,  the  common 
open-poUmated  sheer  cultivars  are  sold,  as  well 
as  iiiq>roved  hybrids  in  slicer,  Beit  Alpha,  and 
pickling  cucumber  types.  Depeii  lin-  on  iype 
preference,  climate  and  disease  problems,  vari- 
ous options  are  available.  The  Fx  hybrid  Tokyo' 
(slicer)  is  popular  in  West  AMca.  It  tolerates 
hot  and  humid  conditioas,  and  has  tolerance  to 


downy  mildew  and  ('NfN'.  ;\nother,  al.so  heat 
tolerant,  gj-noecious  hybrid  is  Olympic',  which 
in  addition  to  downy  mildew  and  CMV  has 
t<ilerance  to  powdery  mildew  and  nngular  leaf 
spot.  The  pickling  cucumber  hybrid  AntiUa  is 
tolerant  to  heat,  as  well  as  to  anthracnose, 
downy  and  powdery  mildew  '.Arizona  Ff  is  a 
less  heat  tolerant  pickler,  but  adds  angular  leaf 
spot  and  CMV  tolerance.  The  Beit  Alpha  type 
Ti  Basma'  has  tolerance  to  both  mildews,  and 
to  CM\'  and  WMV  viruses.  Thv  hybrid  Excel' 
has  a  less  vigorous  plant  and  is  parthenocarpic; 
it  is  especially  suited  for  greenhouse  growing. 
<''ucuinber  cultivars  from  Fast-West  Seed 
Company,  developed  in  South-East  Asia,  are 
also  adapted  to  hot  and  humid  conditions. 
Availalilo  cultivars  for  Africa  in  the  slicer  tj^pe 
are  the  Fi  hybrids  Kande  and  Kosey'  which 
have  strong  vigour  and  tolerance  to  downy 
mildew;  'Kosey'  has  tolerance  to  ZYMV  and 
PRS\' 

Studies  have  shown  that  the  genetic  base 
within  cultivated  cucumber  is  rather  narrow. 
Gen^ank  accessions  from  various  locations 
are  however  found  to  be  genetically  diverse, 
and  often  different  from  the  commercial  germ- 
plasm.  More  use  o(  this  material,  as  well  as 
hybfidiziit ion  with  related  wild  t,i\;i  mit;hl  be 
prumxsmg  to  obtam  new  desirable  characteris- 
tics. Combinations  with  Cucumis  saiivus  var. 
hnrdirickii  are  made  to  increase  branching  and 
fruit  set  especially  in  pickling  cucumber  culti- 
vars. interspecific  crosses  with  Cucumis  hya- 
irix  Chakrav.  (2»  -  24)  have  been  attempted 
for  quite  sonn'  tiin'v  ('ucumis  hysln'x  is  rather 
similar  to  cucumber  and  especially  interesting 
because  of  its  resistance  to  nematodes.  After 
embiyo  rescue  tedmiques  and  chromosome 
doubling,  an  amphidiploid  (2ii  =  38)  wns  ob- 
tained, which  is  now  beuig  further  developed  to 
tiy  to  obtain  lines  directly  crossable  with  Cu- 

riimi-:  '.'1 /,',''(' 7/ ,s. 

Prospects  Cucumber  is  quite  important  in 
tropical  Africa,  and  is  becoming  increasingly  so 
because  it  is  an  eaqr  to  prepare  vegetable  and 
suited  for  sale  in  supermarkets  and  the  bit;  city 
markets.  Moreover,  cultivars  are  becoming 
available  that  are  more  adapted  to  the  climatic 
conditions  prevailing  in  tropical  .\fricn  and 
that  also  include  the  relevant  disease  toler- 
ances. 
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CUCUMIS  ZETHERI  Send. 

Protologue  llarv.  &  Sond..  Fl.  Cap.  2:  496 
(1862). 
Family  Cucurbitaoeae 

Chromosome  number  2//  =  21.  48 
Synonyms  Cucuiiiis  prupheturuiii  L.  subsp. 
zeyheri  (Sond.)  C.  Jeffrey  (1962). 

Varnacular  immes  cin  iimlK  i-  (Fin). 

Origin  and  geographic  cUstribution  Cucu- 
mis  zeyheri  is  restricted  to  the  eastern  part  of 
southern  Africa:  Zambia,  Zimbabwe,  Mozam- 
bique and  South  Africa. 

Uses  The  non-bilter  fruils  are  eaten  raw  or 
pickled.  The  bitter  fruits  are  used  as  a  (drastic) 
purfjnl  ivp. 

Properties  There  is  no  infurmatiun  un  the 
nutritive  value  of  the  fruits,  but  probably  it  is 
comparable  to  cucumber. 

The  fruits  of  Ciinimis  zeyheri  rontnin  curuj-bi- 
tacins  B  and  D.  Cucurbitacms,  which  are 
known  from  many  Cueurbikteeae  and  various 
other  plant  speeies  exhibit  c>'t<ito.\i(  i1y  (inchnl- 
ing  antitumuur  activity),  anti-inflammatoi^y 
and  analgesic  activities. 

Botany  Perennial,  monoecious,  prostrate  or 
rarely  srnndent  herb,  with  .simple  tendrils; 
roots  fibrous,  woodj';  stems  up  to  2  m  long. 
Leaves  alternate,  simple;  petiole  0.5-4  cm  long; 
blade  ovnfe  (rnrely  nvnte-triangular),  2..'^-!)  cm 
X  2-6  cm,  deeply  palmately  3— 5-lobed,  rarely 
unlobed,  slightly  cordate  at  base,  lobes  variable 
but  mostly  elliptical  or  narrowly  elliptical,  each 
3-.5-lol)ed.  Flowers  solitary,  unisexual,  regular. 
5-merous;  receptacle  2.5—4.5  mm  lung;  sepals 
1-4  mm  long;  petals  4.6-9  mm  long,  yellow; 
male  flowers  with  pedicel  .'}-12(-22)  mm  lonp, 
stamens  3;  female  flowers  with  pedicel  3-12 
mm  long,  ovaiy  inferior,  densely  softly  hairy. 
Fruit  an  oblong,  ellipsoid  or  obovoid-ellipsoid 
berr>  ,  3,.5-.t  cm  ^  2, .5-3, 5  cm,  concolorous  yel- 
low when  ripe,  spines  slender,  up  to  1.5  cm 
long;  fruit  stalk  2-6  cm  long.  Seeds  ellq>tical  in 
outline,  6-8.5  mm  x  2-4.6  mm  x  1.6-2  mm, 


whitish. 

The  genus  Cummis  includes  about  30  species, 
4  of  which  are  economically  important  l  Ui um- 
ber (Ciieumi3  salivus  L,).  melon  and  Mi.tke 
cucumber  {Cucumis  inelo  L.),  West  Indian 
gheikin  (Cueumis  miguria  L.)  and  homed 
melon  (Cummin  metulifems  Naudin).  Citcumis 
zeylteri  belongs  to  the  anguria'  group  of  the 
subgenus  Melo. 

Ecology  Cucnnii.t  zeyheri  occurs  in  open 
woodland  in  grassland  and  as  a  weed  on  culti- 
vated ground  at  300-1G50  m  altitude. 

Management  Fruits  are  collected  frt>m  wild 
plants 

Genetic  resources  and  breeding  As  Cu' 
eumU  x^heri  is  common,  it  is  not  threatened 
by  genetic  erosion.  There  are  genebank  acces- 
sions recorded  in  the  Czech  Republic.  Spain, 
France  and  the  United  States.  Fully  fertile 
hybrids  can  be  obtained  from  crosses  of  CueU' 

Wn'.s  :eyl)rn  with  Cnnimis  aitffjiria.  Cucumis 
africanua  L.f.  and  Cucumis  inyriocarjnis 
Naudin.  Resistance  to  downy  mildew  (Pseiniop- 
erojioapom  cubeusi.s)  and  scab  (Cladoaporium 
ciieuiiu'Hiittiii)  l)nth  economic.dly  important 
pathogens  of  cucumber,  has  been  found  m  Cu- 
eumia  zeyheri. 

Prospects  .\s  a  vegetril  l'  Cminiii.s  zeyheri 
will  remain  locally  of  some  importance.  As  a 
source  of  disease  resistance  it  may  make  an 
important  contribution  to  breeding,  especially 

of  cuciimbrr 
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AD.J.,  1962;  van  Wyk,  B.E.  &  Gericke.  N., 
2000  Watt,  J.M.  &  Bieyer-Brandwqk,  M.G., 

1962. 

Otiier  references  Kirkbride  Jr.,  J.H.,  1993; 

Robinson.  R  \V.  &  lunvalewsJci,  E.,  1978;  Staub, 

d.E.  &  I 'aimer  M..I.  litHT. 
Authors  U.H.  Bosch 


CUCURBITA  FICIFOLIA  Bouche 

Protologue  \'erh.  \'ereins  Befrinl   <  uirten- 
b.Mues  Konigl.  Preuss.  Staaten  12:  205  (1837). 
Family  L'ucurbitaceae 
Chromosome  number  2i»  -  40 

Synonyms  Cururhiln  luelauospevuin 
A.Braun  ex  Gasp.  (181 7),  Fepo  ficifolia  Britton 
(1925). 

Vernacular  names  Fig-leaf  gourd.  Malabar 
gourd,  black-seeded  gourd  (En),  (^ourge  de 
Siam,  melon  de  Malabar  (Fr).  Abobora  chila, 
abobora  gila  (Po).  Mboga  ya  kimasai  (Sw). 

Origin  and  geographic  distribution  Cucur- 
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Cueurbita  fieifoUa  -  planted 

bita  fieifoUa  is  a  cultigen  originating  from 
highland  rrgions  of  Latin  Anin  icn  (from  Mox- 
ico  to  Chile)  where  it  is  still  widely  rultivated. 
The  first  fruits  to  reach  EJurope  apparently 
took  a  circuitous  route  from  South  America  to 
the  MnlMlmr  Tonst  of  India  along  the  much 
travelled  trade  routes  in  the  16"^  and  17'^  cen- 
turies, hence  the  vernacular  names  in  English 
and  French.  Fi(j-leaf  ijoiird  occurs  in  tropicnl 
Al'rica  m  the  highlands  of  Ethiopia,  Kenya  and 
Tanzania  and  is  occasionally  grown  in  Angola. 
In  Asia  it  is  grown  in  India,  -Japan,  Korea  and 
China  and  in  the  highlands  of  the  Philippines. 

Uses  Fig-leaf  gourd  is  grown  as  a  vegetable 
for  the  leaves  and  the  immature  fruits.  In  East 
Africa  mainly  the  leaves  are  eati-n.  In  Kenya, 
where  it  in  known  as  kahurura  (Ivikuyu),  and 
in  Tanzania,  where  the  vegetable  is  known  as 
Iwga  la  kimasai'  (Swahili),  the  leaves  are  pre- 
pared in  a  mixture  with  maize,  pulses,  preen 
bananas  or  Irish  potato.  Young  fruits  are  occa- 
sionally eaten  as  a  cooked  vegetable  like 
pumpkin  hut  in  most  places  in  Kenya  and 
Tanzania  the  fruits  are  considered  not  edible. 
However,  th^  are  used  to  prepare  an  alcoholic 
drink.  In  Latin  America  and  the  Phil^ines 
tender  young  fruits  are  used  like  summer 
squash  (Cucurbila  pepu  L.).  The  ilesh  of  ma- 
ture fruits  is  impregnated  with  sugar  for 
prepnr.-if ion  of  a  randy  nr  jam,  mature  fruits 
are  fermented  for  an  alcoholic  beverage,  male 
flowers  and  buds  are  used  in  soups,  stews  and 
salads^  and  the  raw  or  roasted  seeds  are  eaten 
as  a  snack  food.  Also  in  Spain  the  fruits  are 
used  for  jam  preparation.  In  Europe,  fig-leaf 
gourd  is  also  cultivated  as  an  ornamental  be- 
cause of  its  decorative  white-q>otted  dark 


green  fruits.  Fig-leaf  gourd  is  used  in  tempci"- 
ate  countries  as  a  rootstock  for  greenhouse 
cucumber  (western  Ehurope,  Korea,  China,  Ja- 
pan) and  for  melon  and  watermelon  (Korea, 
China,  Japan).  It  gives  the  grafted  crop  in- 
creased cold  tolerance  and  high  resistance  to 
siiillxiine  pathogens  and  increases  the  resis- 
tance to  Pythiuin  and  powder>'  mildew.  Like 
several  other  cucurbits,  fig-leaf  gourd  con- 
sumption by  (liab(>tic  patients  has  a  hypogly- 
cnemic  effect  making  it  an  appropriate  medi- 
cine against  diabetes  mellitus.  The  seed  com- 
plete with  the  husk  is  ground  into  a  flour  that 

is  made  into  an  emulsion  with  water  and  t;d<en 
as  a  vermifuge.  A  purgative  should  be  taken 
afterwards  to  expel  tapeworms  or  other  para- 
sites. 

Production  and  international  trade  Fig- 
leaf  gourd  is  of  local  importance  in  East  Africa, 
but  no  production  statistics  are  available. 

Properties  \o  data  on  the  romposilion  of 
Ciinnhita  fieifoUa  are  reported,  but  it  is 
pioi>alily  similar  to  that  of  other  cucurbits.  The 
conq)osition  of  pumpkin  (Cucurbila  spp.)  leaves 
per  100  g  edible  portion  is:  water  89  g,  energy 
lUu  kJ  (lio  kcal),  protein  4.0  g,  fat  0.2  g,  carbo- 
hydrate 2  g,  fibre  2.4  g,  Ca  475  mg,  P  135  mg, 
Fe  0.8  mg  P-farot(>ne  1  ()  mg  thiamin  0.08  mg, 
riboHavin  O.Oti  mg,  niacm  0.3  mg,  ascorbic  acid 
80  mg.  The  composition  of  immature  fruits  is 
comparable  to  that  of  CucurbUa  pepo  (summer 
squash)  The  fruit  pulp  contains  a  proteolytic 
enzyme  that  has  potential  value  in  the  food 
industry.  The  seeds  are  ridi  in  protein  and  oil; 
the  oil  is  made  up  mainly  of  oleic  acid 
Hypoglycaemic  activity  of  fruit  extracts  of  Cu- 
eurbita ficifolia  has  bee»i  demonstrated  in  ani- 
mal models  (mice,  rabbits)  as  well  as  in  clinical 
tests  with  diabetic  patients.  The  mechanism  of 
the  hypoglycaemic  effect  is  still  unloiown. 

AdoltetatiQtis  and  svbstitates  Leaves  and 

fruits  of  fig-leaf  gourd  ran  be  replaced  by  musk 
pumpkin  (Cueurbita  iiiosiliata  Duchesne), 
fruits  also  by  summer  squash  (Cueurbita  pepo) 
and  roasted  seed  by  those  of  any  other  Qtcur- 
bita  species 

Description  Short-lived  perennial  vine 
climbing  by  long,  brandied  tendrils,  herba- 
ceous but  becoming  somewhat  wnndy:  taproot 
up  to  2  m  long,  lateral  roots  forming  a  network 
slightly  below  the  soil  surfiace;  stem  with  nu- 
merous long  runners,  smoothly  6-angled  to 
rounded,  prickly  or  spiny,  often  rooting  nt 
nodes.  Leaves  alternate,  simple,  without  stip- 
ules; blade  drcular-ovate  to  nearly  reniform  in 
outline,  sinuate  to  lohed  wil^  obtuse  ainuaes, 
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C uctnhUd  firi folio      1,  pari  of  stem  ii  ilJi  leaf 
Olid  female  fluu  er;  2,  female  flou  er  in  luiigiUi- 
di$tal  section;  3,  male  flower  in  longittidiiud 
sectimi;  J,  fniii. 
Source:  PROSEA 

18-25  cm  in  diameter,  margins  toothed  to  en- 
tire. Flowers  solittirv  unist-xual,  regular.  5- 
merous,  up  to  7.5  cm  m  diameter,  yellow  to 
pale  orange;  calyx  and  ooroUa  campanulate 
with  short  tube;  male  flowers  with  short,  thick 
and  columnar  nnHroorium  filnnionts  with 
trichomes  more  than  1  mm  long;  female  flowers 
on  abort,  ridged  pedicels  with  inferior  ovary. 
Fruit  a  laruc  <:lii}ii>sp  to  rylindrical  borrA'  15—50 
cm  long,  green  with  white  stripes  and  blotches; 
rind  smooth,  hard;  flesh  of  mature  fin  its  white, 
coarse,  tough,  fibrous  and  rather  drj'.  many- 
seeded;  fruit  stalk  not  or  only  slightly  enlarged 
at  apex.  Seeds  oblong-ellipsoid,  flattened,  1.5— 
2.6  cm  long,  without  a  spongy  epidermis,  usu- 
ally blnrk  somntimrs  pnlo  bu ff-colouied.  Seed- 
ling With  epigeal  germination. 

Other  botanical  information  In  the  taxo- 
nomic  litfr.'iture.  .3  <li  i  ristics  are  often 
mcntKincil  to  distinguish  (  uriirhilo  firifolia 
from  the  other  cultivated  Cucurbila  species: 
perennial  growth  habit,  leaf  shaped  like  a  leaf 
of  the  fig  {Fieua  cariea  L.)  and  black  seeds. 


Those  charncteri sties  can  be  misleading  bc- 
cau-sie  Ciicuiinta  ficifolia  does  not  differ  in  lon- 
gevity from  the  other  squash  species,  the  fig- 
leaf  form  also  occurs  in  other  spi'ci*"^  ;m<l  tlir- 
seeds  are  not  always  black.  Most  diagnostic  are 
the  following  characteristics:  the  presence  of 
trichomes  on  the  filann  nts  in  the  male  flowers 
and  the  shape  of  the  seeds  (length-to-width 
ratio  of  3:2.  which  is  broader  than  in  other  cul- 
ti\  <ii  .  il  '  iicurbita  species). 

I.oi  .il  iiillivai's  of  fig-lonf  gourd  ornir  in  Ea.st 
.\fnca.  The  main  variation  is  in  fruit  size  and 
the  white  and  green  spotting. 

Growth  and  development  Seeds  germi- 
nate 5-7  days  after  sowing.  The  plants  are 
extremely  vigorous  and  form  an  extensive  fi- 
brous  root  system.  The  stems  may  reach  a 
length  of  over  30  m  I'mler  suitable  conditions, 
the  branching  and  trailmg  stems  will  grow 
indefinitely  when  they  are  permitted  to  root  at 

the  nodes  touching  the  soil,  llnwevor  fig-loaf 
gourd  18  usually  grown  as  an  annual.  Flower- 
mg  under  short-day  conditions  starts  30^0 
days  affcer  emergence  of  the  seedling  and  is 
continuous.  The  ratio  of  male  to  female  flowers 
IS  about  20:1,  but  is  influenced  by  growing  con- 
ditions: long  days  and  high  temperatures  fa- 
vour the  male  sex  e\])!-essi(]n  Pnxliirlion  of 
sticky  pollen  is  abundant.  Anthesis  and  polli- 
nation take  place  early  in  the  morning.  Insects, 
mainly  bees,  effect  pollination.  Solit  an,-  plants 
also  set  a  fair  number  of  fruits  1-2  fmits  per 
stem  develop.  The  fi-uit  matures  30—10  days 
after  pollination.  'Hie  harvest  period  of  3roung 
!e.i\  <.'i  extends  from  2-6  months  after  sewing. 

Ecology  in  the  tropics  it  is  grown  at  alti- 
tudes above  1000  m,  in  the  mountains  of  Latin 
America  from  lOOO-HOOO  m.  Tt  is  more  cold 
resistant  than  any  oth«>r  Ciinirbita  species  but 
night  frost  kills  the  plant.  Fig-leaf  gourd  re- 
quires a  short  or  shortening  photoperiod  for 
flowering.  In  temi>erate  arms  it  is  grown  in  the 
summer,  starting  flowering  with  decreasing 
daylength.  Dayleiigth-neutral  cultivars  have 
been  reported,  Fig-leaf  gourd  prefers  fertile, 
well-drnineil  .^nils  w  ith  a  pll  range  of  (j.o— T.o. 

Propagation  and  planting  I'ropagation  is 
by  seed,  although  fig-leaf  gourd  may  be  easily 

vegetativoly  propagated  because  of  the  root 
development  from  the  nodes.  The  weight  of 
1000  seeds  is  180-250  g.  For  seed  germination, 
soil  tenq>eratures  should  be  above  IS^C;  the 
germination  percentage  is  highest  at  S^^C. 
Stored  seeds  are  hard-«oated,  and  scouring  or 
soaking  in  water  for  some  hours  is  recom- 
mended. Seed  are  sown  in  flats,  flat  ridges  or 
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on  mounds  or  hills.  Seeds  are  planted  2-5  cm 
deep,  depending  on  the  soil  texture.  A  practical 
planting  distance  is  2  m  x  2  ni  giving  a  plant 
poi)ul;ition  of  2'i00  plMnts./iia;  the  seed  re- 
quirement IS  2-3  kg/ha.  Because  of  the  creep- 
ing plant  habit,  the  optimal  planting  density  is 
n<  \iM.'  v;iiyin^'  fnnii  1000-6000  plants/ha. 
With  a  dense  planting,  the  soil  is  covered 
sooner  and  weeds  are  suppressed.  Fig-leaf 
gourd  is  usually  grown  on  small  acreages,  even 
ns  a  siiifrlo  plniit  in  homo  pnrdens,  against  trel- 
lises and  walls  or  trees.  It  is  occasionally  grown 
as  an  intercrop  in  maize  or  sor^um. 

Management  Fig-leaf  gourd  renponds  well 
to  applications  of  up  to  30  t/ha  of  organic  ma- 
nure during  site  preparation;  additicmal  appli- 

1 1  11  of  inorganic  fertilizers  (110  kg/ha  N  40 
kg/ha  P.  90  kg/ha  K)  is  beneficial.  Under  dry 
cundilions  irrigation  should  be  applied,  e.g. 
weekly  60  mm. 

Diseases  and  pests  Fig-leaf  gourd  is 
strongly  resistant  to  pests  and  diseases,  more 
so  than  other  Citcurhita  species.  Diseases  ob- 
served in  India  and  the  Philippines  are  leaf 
and  stem  rot  {AltcriKiria  spp  )  watery  soft  rot 
(Sclerutinia  sclerolioiuin),  leaf  and  stem  spot 
{Siemphylmm  spp.),  bacterial  leaf  spot  {Xati- 

thonwiKi''  cuciirhilac)  jiowderj'  mildew  (F.ry.ii- 
phe  chieui-aceaniin)  and  virus  diseases  (cucum- 
ber, melon,  squash,  watermelon  mosaic  vi- 
ruses). Usually  no  control  measures  are  takoi. 
For  virus  diseases  it  is  important  to  use  virus- 
free  seed,  to  remove  infected  plants  early,  and 
to  control  the  vectors.  The  major  insect  pests 
reported  are  yellow  beetle  (AtilocDplioni  sitnt- 
lis).  whilefly  {Beiniaia  tabaci)  and  aphids 
(Aphis  spp.).  all  of  whidi  are  potential  vectors 
of  viruses. 

Harvesting  Continuous  weekly  picking  of 
young  leaves  may  take  place  from  6  weeks  af- 
ter emergence  of  the  seedling  to  the  end  of  the 

vegetative  growth  period.  The  harvest  of  im- 
mature fruits  by  cutting  the  fruit  stalk  occurs 
in  many  rounds,  from  2  months  to  the  end  of 

the  crop,  For  home  consumption,  young  leaves 
.■md  shoots  are  jMcked  when  neeiled.  Seeds  are 
e.xtracled  from  mature  fruits  for  future  plant- 
ing. 

Yield  The  fruit  yield  largely  depends  on  rul- 
tivar  and  growing  conditions.  Up  to  10  mature 
firuits  may  be  harvested  per  plant.  The  weight 
of  young  fruits  is  about  1  kg,  mature  fruits 
weigh  3-8  kg.  Per  ha,  nn  estimated  quantity  of 
20  t  of  leaves  or  40  t  of  young  fruits  might  be 
harvested.  Regular  picking  of  leaves  will  de- 
crease the  fruit  yield  Seed  yield  is  about  600 


kg/ha. 

Handling  after  harvest  Leaves  have  to  be 
consumed  within  two  days  after  harvesting, 

young  fruits  am  he  kept  for  some  weeks,  Tuts 
and  bruises  of  mature  fruits  heal  by  suberiza- 
ti<m  within  a  week.  Mature  fruits  can  be  kept 
for  a  long  period  in  a  dry  place  at  room  tem- 
perature, in  temperate  areas  for  even  lunger 
than  a  year.  They  become  sweeter  with  stor- 
age. 

Genetic  resources  Ciimrhifn  ftn'fnii'n  is  the 
least  variable  of  the  cultivated  Cucurbila  spe- 
cies. It  is  represented  in  the  Cucurbita  collec- 
tions of  nuaiy  institutions,  in  particular  in 
Central  and  South  America  (CATIE,  Turnalba. 
Costa  Rica;  San  Carlos  University,  Guatemala; 
INIFAP,  Celaya,  Mexico).  It  is  also  found  in 
germplasm  collections  in  the  United  States 
(National  Seed  Storage  Laboratory,  Fort 
Collins,  Colorado;  Southern  Regional  Plant 
Introduction  Station,  i  Jcorgia)  Russia  {Vavilo\- 
Institute  of  Plant  industiy,  St  Petersburg)  and 
the  Philippines  (Institute  of  Plant  Breeding, 
LosBafios).  These  collections,  however,  are  not 
representative  of  its  full  geographic  distribu- 
tion. 

Breeding  CueurbUa  ficifidia  is  naturally 

(•riis--p()llinal cd  Init  self-compatible  inhi'ceding 
causmg  little  loss  of  vigour.  No  breedmg  pro- 
gramme has  been  reported,  although  distinct 
local  cultivars  are  known,  and  international 
seed  companies  trade  cultivars  for  rootstock. 
Fig-leaf  gourd  has  been  tried  frequently  as 
genitor  for  disease-  and  cold-resistance  to 
pumpkins  (Cucurbita  iii<ixini/.t  Duchesne  e.x 
Lam.,  Cucurbiia  moaehala)  and  squashes  (Cu- 
eurbita  pepo),  but  it  shows  considerable  isoen- 
zymatic  and  chromosomal  differences  com- 
pared with  all  other  taxa  of  the  genus.  Fi 
plants  have  only  been  obtained  by  embiyo  res- 
cue and  no  fttrOieir  pn^ress  has  been  reported. 

Prospects  Fig-leaf  gourd  has  potential  as  a 
fresh  leaf  and  fruit  vegetable  in  East  Africa 
and  southern  Africa  in  highland  regions.  The 
fruit  quality  should  he  improved  by  breeding.  It 
ma>'  become  a  root  st  tick  for  cucumber,  mel<m 
and  other  cucurbits. 

U^Jor  references  Aooeta-Patino,  J.L.  et  al., 
2001;  .Andres,  T.C.  lf)*)0;  Maundu,  P.M., 
Ngugi.  G.W.  &  Kabuye,  C.H.S.,  1999;  Robin- 
son, R.W.  &  Dedcer-Walters,  D.S.,  1997;  Roxas, 
V.P.,  1993:  Rubatzky.  V.E.  &  Yamaguchi,  M.. 
1997'  Wliitaker  T.W.  &  Davis  O  N.,  1902. 
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CUCURBITA  MAXllviA  Duchesne 

Protologae  Essai  Hist.  Nat.  Courges:  7,  12 

(1786). 
Family  Cucurbitaceae 
durontoaome  number  2n  =  40 

Vernacular  names  Pumpkin  winter 
Bquash  (En).  Potiron,  courge  d'hiver,  courge 
tui1>an  (Fr).  Ab6bora-menina,  ab6bora- 
morangfi  (Po).  Nftango  (Sw) 

Origin  and  geographic  distribution  Ciicur- 
hila  maxima  originates  from  lemperate  South 
America.  Cueurbita  widreana  Naudin  is  oon- 

sidoi'od  thr  will!  [ifogonitor:  this  spfM-ios  is  nn- 
tive  to  warmer  temperate  zones  in  South 
America  as  well  as  humid  lowland  regions  of 
Bolivui.  Seeds  of  Cueurbita  maxiina  excavated 
in  Peru  have  been  d.ited  at  1800  BC,  After 
1492,  when  Columbus  arrived  in  the  Americas, 
it  spread  all  over  the  tropics  and  subtropics,  as 
well  ns  trniiii  rnh'  .irons  with  warm  summers. 
Cueurbita  maxima  has  been  reported  from 
many  countries  in  tropical  Africa  and  probably 
occurs  in  all  countries.  It  is  most  important  in 
thr  cooler  parts  of  southern  ,\fnrn  and  the  Sa- 
hel  region,  less  important  in  more  humid  West 
and  East  Africa,  where  Cueurbita  motehata 
Dudiesne  is  moie  connnon, 

Uaes  The  mature  fruits,  leaves,  flowers  and 
seeds  of  Cuaitbita  ntcucuna  are  used  as  vegeta- 
bles. Most  crops  are  grown  for  the  firuits,  but 
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Cueurbita  maxima  -  planted 


the  leaves  are  locally  important  too.  The  leaves 
are  regarded  as  a  bit  coarse  and  of  lesser  qual- 
ity than  those  of  Cueurbita  moaekata,  although 
this  (lisfippefu-s  in  cooking.  They  are  used  fresh 
and  m  some  locations  dried  for  use  during  the 
off-season.  The  mature  fruit  is  peeled,  cut  into 
pieces  and  cooked  until  soft.  In  Zimbabwe  it  is 
made  into  a  popular  porridge.  In  Cameroon, 
Nigeria  and  other  western  African  countries, 
seeds  are  commonly  roast <  ti  and  salted,  or 
ground  into  n  thick  paste  that  is  mixed  with 
vegetables  m  cookmg.  They  are  exported  to  the 
Nfiddle  East  where  they  are  a  popular  snack. 
The  seed  is  rich  in  oil,  which  is  sometimes  ex- 
tracted for  kitchen  use.  The  big,  yellow-orange 
fruits  a(  certain  cultivara  are  used  for  decora- 
tion. Dried  fruit-shells  can  be  used  for  making 
howls. 

In  North  America,  great  healing  qualities  for 
skin  problems  such  as  sores  and  ulcers  are 
nttrihuted  to  pumpkin  .seed  oil.  Traditionally, 
American  Indians  use  the  seeds  to  treat  intes- 
tinal infecticms  and  kidney  problems  coid  to 
expel  tapeworms;  the  flowers  are  used  topically 
to  soothe  minor  injuries.  In  southern  Europe 
the  aeeda  are  also  used  as  an  anthelmintic.  In 
India,  a  paste  of  the  fruit  stalks  is  used  to  heal 

boils  and 

Production  aud  international  trade  World 
production  of  pumpkin  and  squash  (all  Cueur- 
bita species  taken  together)  in  2001  was  esti- 
mated at  in.  I  million  t  from  l.'J  million  ha,  and 
production  in  Africa  at  1.8  million  t  fi*om 
140,000  ha.  China  and  India  are  the  largest 
producers  with  nearly  1  million  t  each  followed 
by  Ukraine  (9UU,UUU  t)  and  Egypt  (3(iU,000  t). 
In  tropical  Africa,  a  production  of  206,000 1  has 
bem  nn  orded  for  Rwanda,  120,000  t  for  Cam- 
eroon and  70, ()()()  t  for  Sudan.  The  interna- 
tional demand  for  pumpkm  seeds,  especially 
from  Cueurbita  maxima,  is  significant  but  offi- 
cial  statistics  are  not  nvnilahle.  This  demand  is 
mainly  from  Arab  countries,  where  roasted 
seeds  are  a  popular  snack,  but  recently  also 
from  Western  countries  where  the  seed  oil  is 
now  in  demand  for  the  pharmaceuticjd  imd 
cosmetics  mdustr^'.  At  national  level,  the 
leaves,  fruits  and  often  also  seeds  are  fotmd  on 

local  markets 

Properties  The  c<imi»osition  of  pumpkin 
fruits  per  100  g  edible  portion  (67%  of  pur- 
chased, flesh  only,  seeds  removed,  i^eeled 
thickly)  is:  water  O.'i.O  g,  pnerg>^  .o5  kJ  (13  kcal) 
protem  0.7  g,  fat  0.2  g,  carbohydrate  2.2  g,  fibre 
1.0  e,  Ca  29  mg,  P  19  mg.  Fe  0.4  mg,  p-carotene 
460  iig,  thiamin  0.16  mg,  riboflavin  trace,  nia- 
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cin  0.1  mg,  folate  10  pg,  ascorbic  acid  1-1  mg 
(Holland,  B.,  Unwin,  I.D.  &  Buss,  D.H.,  1991). 
The  composition  of  pumpkin  leaves  per  100  g 
is;  water  89.2  g.  energy  113  kJ  (27  kcal).  pro- 
tem  l.O  g,  fat  0.2  g,  carbohydrate  1.4  g,  fibre 
2.4  g,  Ca  477  mg,  P  136  mg,  Fe  0.8  mg, 
carotene  .3000  [iti.  thiiinun  0  or,  mii.  riboflnvin 
0.32  mg.  ascorbic  acid  80  mg.  The  composition 
of  pumpkin  seeds  (without  shell)  per  100  g  is 
given  as:  water  5.5  g,  energy  2331  k.I  (5155 
kenl)  proioin  23.4  g.  fat  40. 2  g  carbohydrate 
21.5  g,  fibre  2.2  g,  Ca  57  mg,  P  900  mg,  Fe  2.8 
mg,  thiamin  0.16  mg,  niacin  1.4  mg  (Leung, 
W.-T.W..  Bus8on,  F.  &  Jnrdin,  C,  1968).  Pump- 
kin seeds  also  contain  considerable  amounts  of 
vitamin  E. 

All  cucurbits  contain  triterp«ie  glycosides 
called  cucurbitacins.  These  compounds  are 
present  in  all  plant  parts  in  different  concen* 
trations.  Tf  concentrated  in  the  edible  parts, 

they  raupc  n  hit  tor  tri.^to.  Tn  Ciicttrhiln  maxima 
they  are  present  in  small  amounts  only,  unlike 
Cueurbita  andreana,  which  may  contain  con- 
siderable amounts.  The  antigenotoxic  com- 
pound spinfisterol  was  isoliited  frinn  Cueurbita 
inaxiina  flowers.  In  in-vivo  tests  with  mice  it 
decreased  the  mutagenicity  of  tetra<^line  by 
65%  at  a  dosii^<^  of  100  mg/I\g.  Trude  elhnnolic 
extracts  of  seeds  showed  strong  antimalarial 
activity,  reducing  by  50%  the  levels  of  parasi- 
taemi'i  m  Pliutiiwdium  /)f7v?/»pj-inforted  mice  at 
nn  ornl  dosage  of  nOO  mgilxg  SihhIs  smd  vascu- 
lar exudates  of  Cueurbita  ma,\:iiiia  contain  pro- 
teinase inhibitors  that  prevent  proteolytic  ac- 
tivity of  trypsin  or  chym"tryi>sin  One  of  these 
proteins,  Cueurbita  niaxinia  trypsm  inhibitor  V 
(CMTI-V),  is  also  a  specifie  inhibitor  of  human 

blood  coatrulal  ion  fa<i'  i  \ll  i 

.•\diilterations  and  substitutes  The  fnnt^ 
leaves  and  seeds  of  Cueurbita  moschala  can  be 
us«d  as  a  sulMtitute  ftnr  Cumrbiia  maxima. 
Egusi  (Citniflun  lanalufi  (Thunb.)  Mntsum.  & 
Nakai  and  Cucumeropsis  mannii  Naudin)  are 
substitutes  for  pumpkin  seeds. 

Description  .Annual,  scandent  herb,  climb- 
ini;  by  lateral.  2— ")-branched  tendrils  strongly 
branched;  stems  rounded,  long  running,  softly 
pubescent,  often  rooting  at  nodes.  Leaves  al- 
tornato,  simple,  without  stipules;  petiole  (6— 
)  10-20  cm  long;  blade  usually  reniform,  not 
lobed  to  shallowly  5-7-lobed,  7-25(-30)  cm  in 
diameter,  ilfcpiy  <  i irdate  at  base,  margins  fmr- 
ly  toothed,  softly  hairj-,  occasionally  with  white 
blotches,  3-vemed  from  the  base.  Flowers  soli- 
taiy,  unisexual^  regular.  S-merous,  large,  10- 
20  cm  in  diameter,  lemon  yellow  to  orange-yel- 


low; sepals  free,  subulate  to  linear,  0.5-2  cm 
long;  corolla  campanulate,  with  widely  spread- 
ing lobes;  male  flowers  long-pedicelled  (up  to 
23  cm),  with  3  stamens,  filaments  free  anthers 
connivent  mto  a  long  twisted  body;  female  flow'- 
ers  shortly  pedicelled  (up  to  5.5  cm),  with  infe- 
rior, ellipsoid.  1-celled  ovary  style  thidc,  stig- 
mas 3-6,  2-lobed.  Fruit  a  large,  globose  to  ovoid 
or  obovoid  berry,  weighing  up  to  50  kg,  with  a 
wide  range  of  colours:  flesh  yellow -orange, 
many-soed(Ml;  fruit  stalk  rylindrirni  not 
enlarged  at  apex.  Seeds  obovoid,  flattened,  1.5- 
2.5  cm  ^  1—1.5  cm,  white  to  pale  brown,  surface 
smooth  to  somewhat  rough,  margin  prominent 
Seedling  with  epigeal  germination;  hypocotyl 
3-3.6  em  long:  cotyledons  elliptical,  2.6—4  cm 
lony.  cuncate  at  basf.  ulstusc  at  apex,  entire. 

Other  botanical  information  It  is  often 
not  easy  to  distinguish  Cueurbita  niaxiina 
plants  or  fruits  from  the  related  Cueurbita 

tnn.srhata  and  Ciiciirhila  pi'pn  \.  Tlic  j^lant 
habit  is  similar  and  the  fi-uit  shape  and  size 
are  variable.  Distinction  is  easiest  by  observing 
differences  of  the  fruit  stalk,  stems  and  leaves. 
Cacurbila  maxima  has  a  soft,  rounded  firuit 


Cueurbita  maxima  -  1,  sfrw  fragmcul  uith 
female  flower;  2,  male  flower  in  longitudinal 
section;  3,  fruit;  4,  seeds. 
Redrawn  and  adapted  by  Iskak  Syammdin 
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staUi  not  enlarged  at  the  apex,  soft,  rounded 
stems  and  soft,  usually  unlobed  leaves.  Q/cur- 
bita  moschata  has  a  hard,  smoothly  angled 
fruit  sinik  widened  at  the  apex  hjird  stiinothly 
grooved  stems  and  soft,  moderately  lobed 
leaves.  Cuairbita  pepo  has  an  angular  fruit 
stalk  sometimes  slitjhtly  widened  at  the  apex, 
hard,  angular,  grooved,  prickly  stems  and  pal- 
mately  lobed,  often  deeply  cut  and  prickly 
leaves. 

Ciictirbifa  niitfrrnnn  a  species  related  to  Cu- 
airbita maxima  and  sometimes  considered  a 
subspecies  of  the  latter,  occurs  wild  in  Argen- 
tina and  Bolivia;  it  hybridizes  readily  with 
Cueurbiia  maxima.  It  may  be  the  ancestor  of 
Cueurhita  mttxima. 

There  are  numerous  cultivars  of  Cucurbita 
maxima  in  Western  countries.  A  classification 
into  cultivar-groups  has  been  proposed,  but  it 
is  of  little  relevance  for  tropical  Africa.  Some 
well  known  riiltivars  imported  in  East  and 
southern  Africa  are  'Turban,  Mammoth  and 
•Plat  Boer'. 

Growth  and  development  Seed  germina- 
tes 5-7  days  after  sowing.  The  plants  form  an 
extensive  fibrous  root  system.  The  growth 
habit  is  indeterminate;  under  suitable  condi- 
tions, the  trailing  stems  cdntiniie  to  fjrow  in- 
defmitely  when  they  are  permitted  to  root  at 
the  nodes.  The  stems  may  reach  a  length  of 
more  than  20  m,  but  they  are  usually  no  longer 
than  about  5  m.  Bushy  cultivars  with  short 
intemodes  and  semi-erect  stems  also  exist. 
Flowering  starts  35-60  days  after  germination 
and  is  more  or  less  continuous.  The  ratio  of 
male  to  female  flowers  is  about  20:1.  This  ratio 
is  influenced  by  the  growing  conditions,  long 
days  and  high  tc>mp(>ralures  favouring  male 
sex  expression.  Production  of  the  sfirky  pollen 
is  abundant.  Anthesis  and  pollination  take 
place  early  in  the  morning.  Insects,  mainly 
bees,  effect  pollination  so  the  fluwr  rs  nrr  pre- 
dominantly cross-pollinated.  The  fruits  matui'e 
30-40  days  after  polUnation.  One  or  two  fruits 
develop  per  stem.  The  fruit -harvesting  period 
extends  from  2-*)  months  after  sowing. 

Ecology  Cucurbita  maxima  pumpkins  are 
grown  in  the  tropics  from  the  lowlands  up  to 
L'dnn  m  altitude  (Optimum  mean  daily  tem- 
peratures lor  growth  are  i8-27''C.  Cucurbita 
maxima  is  more  tolerant  to  low  temperatures 
than  Cucurbita  moschata,  but  less  tolerant  to 
high  temperatures.  It  is  almost  insensitive  to 
photopenod  and  tolerates  some  shading.  Cu- 
eurbiia maxima  is  rather  drought  tolerant, 
requiring  relatively  Uttle  water,  and  is  senai- 


tive  to  frost  and  waterlogging.  Pumpkins  can 
be  produced  year  round  in  frost-free  areas, 
although  excessive  hunndu.\  during  the  rainy 
season  stimulates  the  development  of  fungal 
and  bacterial  diseases  causmg  leaf  decay,  w  ilt- 
ing and  fruit  rot.  Pumpkins  are  not  very  de- 
manding with  respect  to  soil,  They  can  be  cul- 
tivated on  almost  any  well-drained  soil  with  a 
neutral  or  slightly  acid  reaction  (pH  5.6-6.8). 
They  w  ill  grow  on  rea.sonably  fertile  soil,  but  do 
best  on  soils  rich  in  organic  matter. 

Propagation  and  planting  Cucurbita  ma- 
xima is  grown  from  seed.  As  it  roots  at  the 
nodes  it  can  be  grown  from  cuttings,  but  tliis  is 
only  done  for  research  purposes.  Seed  of  un- 
proved, mostly  imported,  cultivars  is  rarely 
U6e<l  in  tropical  Africa,  where  most  farmers 
produce  liu'ir  own  seed  It  is  important  to  take 
only  top  quality  fruits  from  healthy  plants  for 
this  purpose.  For  seed  extraction,  mature  fruits 

are  split  and  fermented  then  the  seed  is  col- 
lected, washed,  cleaned  and  dried.  Farmers 
sow  in  small  hills  on  flat  land  or  in  raised  beds, 
2-4  seeds  p&r  hill.  Seeds  can  be  sown  in  con- 
tainers and  the  seedlings  transplanted  into  the 
field  when  they  are  about  10  cm  tall,  but  direct 
seeding  is  generally  practised  in  most  African 

count  ries 

Pumpkm  IS  often  grown  in  home  gardens.  It 
grows  well  on  organic  matter  and  is  often  en- 
countered on  refuse  heaps,  on  termite  hills  and 
on  fertile  pntchos  in  the  field  and  around  home- 
steads. In  urban  areas,  it  is  planted  in  back- 
yard gardens  mixed  with  maize;  in  the  field,  it 
IS  usually  intercropped  with  cereals  such  as 
mai/e  and  surghum,  or  with  groundnut.  Sole 
cropping  is  common  for  commercial  production, 
e.g.  when  grown  for  the  seeds.  A  common 
pinntinsi  distance  is  2  m  x  2  m  giving  a  plant 
population  of  2500  plaiits/ha.  The  1000-seed 
weight  is  about  200  g;  the  seed  requirement  is 
2-'^  kg/ha  ^^an}•  farmers  use  mudl  more  seed, 
up  to  7  kg/ha.  Because  of  the  brandling  and 
creeping  plant  habit,  the  optimal  planting  den- 
sity IS  flexible,  varying  from  600-1000 
plants/ha:  the  number  of  plants  per  hill  is  1—4. 
With  a  dense  planting,  the  soil  w  ill  be  covered 
and  weeds  will  be  suppressed  more  quickly. 

Management  The  rrop  responds  well  to 
farm  manure  and  to  side  dressings  of  liquid 
manure.  Depending  on  soil  fertility,  the  follow- 
ing application  is  recommended:  50-100  kg/ha 
N,  20-10  kg/ha  P  and  10-80  kg/lia  K  during 
the  vegetative  phase.  Some  of  the  minerals  can 
be  appUed  as  a  top  dressing  of  NPK  10-10-10, 
e.g.  60  kg/ha  or  20  g  per  plant  at  the  first  fruit 
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setting.  Irrigation  should  be  applied  under  dry 
conditions,  e.g.  weekly  50  mm. 

IMMases  and  pests  Many  diseases  and 
pests  attiick  ("unnhita  rituxiina:  (hoy  are  the 
same  as  for  Cuciirbitu  moschala,  but  are  possi- 
bly more  serious  under  humid  conditions.  Only 
the  most  serious  ones  will  be  mentioned  here. 
Downy  mildew  (fseudopewnospom  ciibensis) 
often  becomes  a  devastating  disease  vmder 
conditions  of  high  air  humidity.  It  starts  on  the 
olcii'i-  Irnves  with  pnlo  {ri'f^fn  angular  spot.« 
bounded  by  leaf  veins.  The  lower  surface  be- 
comes covered  with  a  faint,  purplish  layer  and 
the  ontiro  Icnf  dies,  (^oiitml  is  by  wide  spacing, 
good  drainage  and  aeration  and  by  crop  rota- 
tion. Powdery  mildew  {Eryaiphe  cieharaeea- 
rum)  may  be  severe  uiidei-  low  humidity.  The 
upper  side  of  affected  k  jiM's  is  c-ovcrer!  with 
while  powdery  fungus  growth;  the  leaves  be- 
come jrellowish  and  dry  out.  Altemaria  leaf 

spot  or  lonf  blight  (Al/prnai  ia  nirii iiirriiia)  is  n 
fimgal  disease  that  defoliates  and  kills  the 
plants  within  weeks.  This  fungus  also  causes 
fruit  rot.  The  sjonptoms,  small  round  whitish 
necrotic  spots,  later  with  concentric  circles, 
appear  on  the  oldest  leaves;  the  leaves  turn 
grey  or  yellow  and  dry  out.  The  use  of  healthy 
seed,  removal  of  jtlant  debris  anfl  crop  i-otalion 
may  provide  some  control.  Clummy  stem  blight 
or  gummy  canker  {pidymella  bryoniae,  ana- 
morph:  Phoma  cucurbUaeeanim)  is  a  serious 
raiise  of  crop  losses  everj'where.  First  the 
nodes  with  nearly  ripe  fruits  are  attacked;  they 
become  oily-green  and  sap  exudes  forming 
drops  <if  ^nim.  whilf  thf  stems  beyond  the  af- 
fected area  wilt.  This  fungus  also  causes  seed- 
ling death,  fruit  stalk  canker  and  fruit  rot. 
Control  is  by  using  healthy  seed  and  protective 
fungicides,  e.g.  mnnrozeb,  and  by  crop  rotation. 
No  cullivar  resistance  has  been  reported. 
Fusarium  wilt  {f^acaimm  KKcy^wnim)  causes 

yellowing  of  Ihr  leaves  foIli)\\i  d  by  willine  f>f 
Stems  or  the  whole  plant,  it  can  be  controlled 
by  using  healthy  seed,  removing  debris,  crop 
rotation  and  avoiding  excessi\c  nitnitii  n  fer- 
tilr/ation.  Anthracnose  {Collrtutrichum  lage- 
nuriuiii)  is  a  destructive  disease  worldwide.  It 
causes  defoliation  and  lesions  on  the  fruits.  All 

discn>f's  mentioned  may  bo  seedborno  it  is 
therefore  important  to  use  only  seeds  from 
healthy  plants.  Other  diseases  are  scab 
(jCladoapvi  iii III  >  uriuii'  iinuiii).  causing  small 
spots  on  all  plant  parts,  and  Choanephorn  wet 
rot  (Choanephora  cucurbitanini),  causing  fruit 
rot.  Of  the  many  viruses  reported  on  Cumrbita 
maxima  the  most  important  ones  are  cucumber 


mosaic  virus  (('M\0,  papaya  ring  spot  virus 
(PRSV-VV),  squash  leaf  curl  virus  (SLCV),  wa- 
termelon mosaic  virus  (VVi\l\'-2)  and  zucchini 
yellow  mosfiic  virus  (ZYMV),  These  viruses 
often  occur  in  combmation.  They  are  spi-ead  by 
medianical  infection  and  insects  (mainly 
aphids,  whitefly  and  thrips),  and  probably 
some  by  seed. 

Insect  pests  are  seldom  serious.  Nevertheless  it 
is  important  to  keep  aphids,  whitefly  and 

thrips  under  control  to  avoid  spreading  virus 
diseases,  Whitefly  (e.g.  Beinisia  spp.)  may 
cause  damage.  Leaf-feeding  ^Uaehtta  beetles 
may  be  harmful  on  young  plants.  A  ladybird 
(Henosepilachtta  tialerii)  la  r^[>orted  as  a  major 
pest  on  puiupknis  in  Sudan.  Spider  mites 
(Tetranychus  spp,)  may  also  cause  damage. 

Harvesting  Pumpkin  fruits  are  picked  when 
nearly  or  fully  mature,  4-G  weeks  after  flower- 
ing, and  are  harvested  in  several  rounds  until 
thf  rro])  stops  producing.  5)0—120  days  after 
plautmg.  Some  African  farmers  leave  the  fruits 
in  the  field  until  they  collect  the  whole  crop. 
Fur  leaf  consumption,  usually  the  third  and 
fuunh  leaves  from  the  tip  are  harvested;  the 
first  and  second  leaf  are  left  to  continue  grow- 
ing. Sometimes  the  tips  are  removed  to  pro- 
niote  branching,  f  )crasionally  flowers  and 
young  immature  fruits  are  harvested  for  con- 
sumption. 

Yield  The  yield  largely  deper  i  culiivar 
and  growing  conditions  The  numlier  nf  mature 
fruits  harvested  per  plant  is  low,  and  the 
weight  of  individual  fruits,  mainly  depending 
<m  rultivar.  varies  w  ideh  IVem  1-50  kg.  Under 
extensive  low  input  management,  the  yield  is 
low,  around  6  t/ha.  With  good  care,  a  yield  of  16 
t/ha  is  reasonable,  and  with  improved  cultivars 

a  yield  of  30  t/hn  is  pos.sibln.  Excessive  picking 
of  the  young  leaves  and  shoots  reduces  fruit 
jdeld.  Seed  3rield  is  variable,  possibly  300-600 
kg.lia.  If  grown  for  seed  isolation  between 
fields  of  different  Cucurbita  species  is  recom- 
moided,  not  only  for  reasons  of  purity  but  also 
to  obtain  maximum  jrields.  I)ei  ui-^i  pollen  of 
other  species  may  cause  reduced  fruit  set  or 
parlhenocarpic  fruits. 

HandUng  after  liarvest  Leaves  are  con- 
sumed fresh  or  in  dried  form.  Before  cooking 
the  main  vems  of  the  leaves  are  removed.  For 
dr>'ing,  the  leaves  are  cut  into  small  pieces  and 
spread  in  the  open  to  dr\-  for  1-2  days  depend- 
ing on  weather  conditions.  The  leaves  are 
stored  m  contamers.  Healthy  fruits  can  be 
stored  for  several  months  on  slatted  shelves 
with  good  ventilation.  The  fledi  can  be  dried  in 
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strips  for  later  use  in  soups  and  stews.  Seeds 
are  often  extracted  as  the  fruits  are  consumed: 
some  are  stored  for  fiiture  planting,  others  are 
used  as  food.  When  a  crop  is  grown  for  its  seed 
the  ftoiit  is  a  by-product.  Seeds  are  offered  ei- 
ther in  their  shell  or  after  shelling,  shelled 
seeds  commanding  considerably  hii^her  prices. 
The  shelling  process  is  tedious  when  done  by 
hand:  mechanized  shelhng  is  now  carried  out 
in  s<'vc»rtd  countries,  e.g.  Nigeriii  nnd  Sudan. 
Care  should  he  taken  not  to  hrenk  the  sc<'(js 
and  not  to  remove  the  shell  too  long  before  sale 
at  the  maricet.  Shelled  seeds  are  more  likely  to 
be  ;iffected  by  storage  pathogens,  especiallj' 
AapergiUua  species,  which  release  poisonous 
aflatoxins  under  warm,  humid  oonditiona. 

Genetic  resources  Cucurbita  species  are 
well  represented  in  the  cucurbit  germplasm 
collections  of  many  institutions  all  over  the 
world.  However,  little  attention  has  been  paid 
to  pemipln.sim  of  African  types.  The  National 
Seed  Storage  Laboratory  (NSSL),  Fort  Collins, 
Colorado,  United  States,  and  the  Vavilov  Insti- 
tute of  Plant  Industr)'  (VIR),  Petersburg,  Rus- 
sui  maintain  important  base  collections.  With 
the  introductioii  of  improved  cullivars,  ancient 
landraces  are  in  danger  of  disappearing  and 
collection  of  ^ermplasm  of  African  landraces 
deserves  priority. 

Breeding  Cucurhiia  maxima  is  cross- 
pollinated  but  self-compatible,  inbreeding  caus- 
ing httle  loss  of  vigour  .\  considerable  degree 
of  heterosis  of  inbred  Imes  has  been  observed. 
Hand  pollination  of  the  large  flowers  is  easy. 

Sen!   coinp.illlles   arc   less   interested    tn  (ipen- 

polimated  cultivars,  because  farmers  can  easily 
produce  their  own  seed  Western  seed  compa- 
nies have  commercialized  man;  1  hybrids.  A 
Japanese  seed  company  has  developed  Shin- 
toza",  an  interspecific  hybrid  of  Cucurbita 
maxima  and  Oteurbita  moaehata,  which  com- 
bines bigh  vigour  ami  resistances  to  soilhome 
diseases  and  nematodes.  It  is  used  as  rootstock 
for  cucumber  instead  of  diemical  soil  disinfiso- 
tion.  Breeding  work  in  the  tropics  is  rare  and 
little  breeding  work  has  been  reported  from 
tropical  Africa. 

Prospects  As  a  multipurpose  vegetable  Cu- 
curbita  waxitnn  makes  a  valuable  contribution 
to  the  food  resources  of  Africa.  Yield  levels  can 
be  increased  considerably  as  cultural  practices 
.'111'  extensive  and  as  almost  no  breeding  for 
yield  disease  or  pest  resistance  and  quality 
has  been  done.  Besides  development  of  im- 
proved cultivars  for  the  fruits,  attention  should 
be  paid  to  the  potential  of  the  leaves  and  seed. 


Hybrid  cultivars  with  virus  resistance  genes 
have  considerable  potential. 
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Cucurbita  moschata  Duchesne 

Protologue  Essai  Hist.  Nat.  Courges:  7,  15- 

16  (1786). 

Family  <  'iicurliit  areae 

Chromosome  number  2/i  =  10 

Synonyms  Cucurbita  pepo  L.  var.  mosehaia 
Lam.  (1786) 

Vernacular  names  Musk  pumpkin,  pump- 
kin, musky  gourd,  winter  squash  (En).  Courge 
musquee,  giraumon  (Fr).  Abobora  moscata, 
ahoborn  almisrarnda  (Po).  MliDfja  (S\v) 

Origin  and  geographic  distributiou  The 
genus  Oieurbita  originates  from  Cmtral  and 
South  .\merica.  The  wild  .ini-t  stor  of  r" urnvhifa 
moschata  is  still  unknown,  but  recent  mvesti- 
gations  of  the  phylogenetic  relationships 
among  wild  and  domesticated  Cucurbita  taxa, 
mainly  based  on  DX A  data  suggest  that  it  will 
probably  be  found  in  lowland  northern  South 
America.  Ardhaeological  evidrace  for  the  asso- 
ciation of  cultivated  Cucurbita  with  man  dates 
back  to  5000  years  BC.  After  the  discoverj'  of 
the  new  world,  the  cultivated  cucurbits  were 
introduced  into  the  old  worid.  Since  the  17* 
centurj'  they  have  spread  all  over  the  tropics 
and  subtropics.  Cucurbita  moscliuta  is  the  most 
heat  tolerant  Cucurbita  species  and  the  most 
common  in  tropical  Africa.  It  is  moat  probably 
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CueurbUa  moaehaia  -  pkuited 

cultivated  in  all  countries  of  tropical  Africa,  but 

it  is  more  import  nnt  in  southern  Africa  than  in 
East  and  West  Mrica. 

Uaes  Musk  pumpkin  is  a  multipurpose  fruit 
and  leaf  ve;:;etable,  but  the  flowers  are  con- 
sumed too.  The  most  common  prodiut  popular 
in  musl  Al'rican  countries,  is  the  cooked  mature 
fruit.  The  fruit  is  also  popular  for  making 

pumpkin  pio  ;in<]  in  South-Ensi  Asin  it  is  made 
into  sweets  and  desserts,  e.g.  steamed  I'ruit 
flesh  with  grated  coconut  and  sugar,  and  into 
crisps  made  by  fr;>'ing  steamed  fruit  flesh 
mivi  1  wtih  rassava  flour.  In  Zambia  the  ripe 
tVuit  llesh  IS  dried  for  longer  preservation. 
Especially  in  southern  Africa  the  leaves  play 
an  important  role  as  a  leading;  leaf  vegetable 
during  the  rainy  season.  Pumpkin  leaves  are 
prepared  by  first  removing  the  main  veins  and 
tendrils,  after  which  they  are  cut  inio  narrow 
slioes  and  ronkeii  Mtlirr  ingredients  lil<c  pea- 
nut butter,  cookmg  ud,  onions,  tomato  and 
spices,  are  added.  In  Zambia,  40%  of  the 
hoiisohnId>i  use  pumpkin  leaves  as  relish  daily 
during  the  rainy  season,  in  Mashonalnnd-West 
and  other  parts  of  Zimbabwe  pumpkin  leaves 
are  the  most  popular  leaf  vegetable. 
In  Camertwn  and  other  parts  of  Central  and 
West  Africa  Cucuibita  iiiuscliala  is  principally 
grown  for  the  ripe  seeds.  These  are  first 

roasted,  the  shells  remo\  r-(l  .md  squashed  into 
a  paste  and  consumed  with  the  main  dish. 
Roasted  seeds  with  or  without  shells  are  also 

salt*  il  .ind  eaten  as  a  snack.  The  potential  of 
the  si'i  ds  as  a  source  of  vegetable  fat  has  not 
been  fully  exploited.  The  seed  oil  is  edible  and 
used  as  fiiel. 

Cumrbita  moaehata  has  several  medicinal  ap- 


plications in  Thailand  and  China.  Ci-u.shed 
fresh  seeds  are  used  as  an  anthelmintic,  and 
are  also  applied  to  akin  infiBctions  and  inflam- 

mations. 

Production  and  international  trade  In  FAO 
statistics,  world  production  of  pumpkin  and 
squash  fall  Cueurbita  species  taken  together) 
in  2000  is  indicated  as  16.0  million  t  from  1.3 
miUion  ha;  African  production  is  estimated  at 
1.8  million  t  from  140, ()()()  ha  corresponding 
with  an  average  yield  of  12. H  t/ha.  These  data 
are  vei:>'  incomplete,  reflecting  the  production 
from  only  16  African  countries,  of  whidi  9  in 
tropical  .Africa  N'o  detailed  information  per 
species  or  country'  is  available.  International 
trade  of  pumpkin  leaves,  fruits  and  seed  is  very 
minor  or  nonexistent,  but  at  national  level  the 
leaves  and  fruits  and  often  the  seeds  are  im- 
portant products  on  the  local  markets. 

Properties  The  composition  of  pumpkin 
fruits  per  100  g  edible  portion  (f57%  of  pur- 
chased, flesh  only,  seeds  removed,  peeled 
thickly)  is  as  follows:  water  95.0  g,  energy  35 
kJ  (13  kcal).  protein  0,7  g,  fat  0.2  g.  carbohy- 
drate 2.2  g.  fibre  1.0  g.  Ca  29  mg.  P  19  mg,  Fe 
0.4  mg,  (1-carutene  450  ^g,  thiamm  0.16  mg, 
riboflavin  trace,  niacin  0.1  mg,  folate  10  i»g, 
ascorbic  acid  11  mg  (Htdland,  B.,  Unwin,  I.D,  & 
Buss,  D.H.,  lyyi). 

The  composition  of  jjumiiUin  leaves  per  100  g 
is:  water  89.2  g,  encrgj'  113  kJ  (27  kcal),  pro- 
tein 4.0  g,  fat  0.2  g,  carboh.vdrate  4. 1  p  fibre 
2.4  g,  Ca  177  mg,  P  136  mg,  Fe  0.8  mg,  p- 
carotene  3600  |ig,  thiamin  0.06  mg,  riboflavin 
0  32  mg,  ascorbic  acid  80  mg. 
The  composition  of  pumpkin  seeds  (without 
shell)  per  100  g  is:  water  6.5  g,  energy  2331  kJ 
(555  kcal)  protein  23.4  g,  fat  40.2  g,  carbohy- 
drate 21  ^  fibre  2.2  g,  Ca  57  mg  F*  900  mg, 
Fe  2.8  mg,  thiamm  0.15  mg,  niacin  l.l  mg 
(Leung,  W.-T.W.,  Busson,  F.  &  Jardin.  C, 
1968). 

All  cucui'bits  contam  triterpene  glycosides 
called  cucurbitacins.  These  compounds  are 
present  in  all  plant  parts  in  difl'erent  concen- 
trations If  concentr.itcd  in  the  edible  parts, 
they  cause  a  bitter  taste.  The  medicinal  proper- 
ties of  the  pumpkin  may  be  attributed  to  these 
cucurbitacins,  which  ran  also  be  poisonous.  In 
the  United  States  cucurbitacin  B  is  used  as  a 
feeding  stimulant  in  the  control  of  the  western 
corn  lootw (»rm  Didbiulicd  t  iiiiifi'itt. 
Clinical  trials  in  'I'hadand  confirmed  that  seed 
extracts  can  kill  tapeworms  and  sdiistosomes 
(blood  fltikes).  Tests  in  Japan  with  mice  sug- 
gested that  CueurhUa  moaehata  extracts  may 
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be  useful  for  the  suppression  of  antibodies  in 
certain  allergic  disorders. 

Adulterations  and  substitutes  For  the  use 
of  the  fruits  Icivcs  and  si-cds  Ciku ihita  iim- 
schatu  can  be  substituted  by  those  of  Cucurbila 
maxima  Dudiesne,  although  the  leaves  of  Cu- 
ciirbita  inaxiiiia  are  regardfil  as  a  hit  (Marso 
this  characteristic  disappearing  with  cooking. 
The  seeds  of  egusi  (Cucumeroptit  mannU 
Naudin  and  Cilntllua  lanafiis  (Illttnb.)  Ma- 
tsum.  &  Xnkni)  are  the  most  common  cucurbit 
seed  products. 

Description  Annual,  scandent  hetb,  dimb- 
ing  by  lateral.  3-4-branched  tendrils,  stmnKly 
branched;  stems  obtusely  angular,  long  run- 
ning, initially  pubescent,  often  rootiny:  at 
nodes.  Leaves  alternate,  simple,  without  stip- 
ules: petiole  9-2 1  cm  long,  grooved:  l)lade 
broadly  ovale  in  outline,  shallowly  palmalely 
6-7-lobed,  <10-)20-35  cm  in  diamet^,  deeply 

cordate  nt  base,  mnreins  toothed   softly  hain- 
sometimes  with  white  markings  disappearing 
at  senescence,  3-veined  from  the  base.  Flowers 
solitaty,  unisexual,  regular,  5-nierou8.  huge. 
10-20  cm  in  diameter,  lemon  yellow  to  deep 


Cucurbila  iiioschala  -  1.  stem  fragun-nl  ui'lli 
frmnle  flnuer:  2,  male  Poiipt  iv  loiifiitudmal 
section;  3,  fruit  ('Butternut  ');  J,  young  fruit. 
Redrawn  mid  adapted  by  Aehmad  Satiri  Nur- 
haman 


orange;  sepals  free,  subulate  to  linear,  1—3  cm 
long;  corolla  campanulate,  with  widely  spread- 
ing lobes;  male  flowers  long-pedicelled  (up  to 
em)  with  stamens,  filaments  free,  anthers 
usually  connivent  into  a  long  twisted  body; 
female  flowers  shortly  pedicelled  (up  to  3.5  cm), 
with  infeiior.  ellipsoid,  1-celled  ovary,  style 
thick,  stigmas  3,  2-lobed.  Fruit  a  large,  globose 
to  ovoid  or  cylindrical  berry,  weighing  up  to  10 
kg,  with  a  wide  range  of  colours,  often  covered 
with  preen  spots  and  prey  stripes,  with  small, 
raised,  wartlilie  spots;  flesh  yellow  to  orange, 
many-seeded;  fruit  stalk  enlarged  at  apex. 

Seeds  nbii\<iid    flattened,   1—2  Cm  X  0.5-1  cm, 

usually  white  or  tawny,  sometimes  dark- 
coloured,  surface  smooth  to  smuewhat  rough, 
margin  prominent.  Seedling  with  epigeal  ger- 
mination: hjTJoeotyl  2-3  cm  long:  cotyledons 
elliptical,  2—4  cm  long,  cuneate  at  base,  obtuse 
at  apex,  entire. 

Other  botiinical  information  It  is  often 
not  easy  to  distmguish  Cucurbila  mosclutta 
plants  or  fruits  from  the  related  Cueurbita 
pepo  L.  and  Cucurbila  maxima.  The  plant 
habit  is  similar  and  the  fruit  shape  and  size 
are  variable.  Distinction  is  easiest  by  observing 
differences  of  the  fruit  stalk,  stems  and  leaves. 

Cucurbila  moscliala  has  a  har<l  smoothly  an- 
gled fruit  stalk  widened  at  apex,  hard,  smooth- 
ly grooved  stems  and  soft,  moderately  lobed 
leaves.  Cucurbila  maxiiita  has  a  soft,  rounded 
fruit  stalk  not  enlarpod  at  aju-x,  soft  pfjunded 
stems  and  soft,  usually  unlobed  leaves.  Cueur- 
bita pepo  has  an  angular  fruit  stalk  sometimes 

slightly  widened  at  apex,  h.ird  angular, 
grooveil  iinckiv  stems  and  palmately  lobed, 
often  deepi\  cut  and  prickly  leaves. 
Many  landraces  of  Cucurbila  moschata  occur, 
the  fi"uit  form  vaiying  from  nlindriral  to  glo- 
bose or  ovoid.  For  improved  cultivars  of  Cueur- 
bita mosehata  in  the  Americas  three  cultivar 
groups  are  distinguished,  based  on  the  fruit 
form: 

-  Cheese  Group:  fruit  oblate  (flattene<^,  more 
or  less  ribbed,  with  buff-coloured  rind  and 

deep  orange  flesh: 

-  Crookneck    (Jroup;    fruit    elongated  with 
curved  or  straight  neck; 

-  Bell  Oroup:  fi-uit  boll-shaped  or  cylindrical, 
e.g.  cultivar  Butternut  , 

Although  rural  farmers  in  Africa  grow  their 
own  landraces,  improved  cultivars  are  slowly 
coming  on  u>  the  African  market. 

Growth  and  development  Seed  germi- 
nates in  6-7  days  from  sowing.  The  plants  form 
an  extensive  fibrous  root  SQrstem.  Growth  is 
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indeterminate;  under  suitable  conditions, 
stems  will  continue  to  grow  as  long  as  ihey  can 
root  at  the  nodes  and  may  leadi  a  length  of 
nmre  thnn  20  tn  [•"'!<i\VHrino  start?  i^o-'lO  days 
after  emergence  and  is  more  or  less  contmuous. 
The  ratio  of  male  to  female  flowers  is  around 
20:1.  This  ratio  is  influenced  by  the  growing 
otmditions.  Long  days  and  high  temperatures 
favour  the  male  sex  expression.  Pollen  is  sticky 
iind  production  is  abundant.  Anthesis  and  pol- 
lination take  iilaic  early  in  the  morning.  In- 
sects, mamlj'  bees,  effect  pollmation;  flowers 
are  predominantly  cross-pollinated.  One  or  two 
fruits  per  stem  develop.  The  fruit  matures  30- 
40  days  after  pollination.  The  harvest  period 
extends  from  2  to  6  months  after  sowing. 

Ecology  Musk  pumpkin  is  grown  in  the 
tropics  up  to  about  1800  m  altitude.  For  opti- 
mal growth  it  needs  high  day  temperatures, 
above  20^C  and  night  temperatures  above 

14''n.  Tt  is  almost  pbotoporiod  insensitive  or 
shows  a  sUght  short-day  reaction,  and  may  be 
grown  year  round,  although  it  is  usually  grown 
during  the  rainy  season  without  any  irrigation. 
It  tolerates  snmo  -shading  Musk  pumpkin  is 
not  verj'  demanding  with  respect  to  soil  condi- 
tions and  can  be  cultivated  on  almost  any  rea- 
sonably fertile,  \v<  ll-draine(l  soil  with  a  neutral 
or  slightly  acid  reaction  (pH  5.o-<>.8).  It  is 
fairly  drought  tolerant,  but  sensitive  to  frost 
and  waterlogging.  Excessive  humidity  during 
the  rainy  season  stimulates  the  development  of 
fungal  and  bacterial  diseases  causmg  leaf  de- 
cay, wilting  and  firuit  rot. 

Propagation  and  planting  Musk  pumpkin 
IS  grown  from  seed  (lUOO-seed  weight  about 
200  g).  As  it  roots  at  the  nodes  it  mi|^t  be 
grown  from  cuttings,  but  this  method  is  not 
prnrtised  cNeept  for  research  purposes.  Farm- 
ers sow  in  small  hills  (planting  holes)  on  flat 
land  or  raised  beds,  2-4  seeds  per  hill.  It  can  be 
sown  in  containers  and  the  seedlings  trans- 
planted into  the  field  when  they  are  about  10 
cm  tali  but  direct  seeding  is  generally  prac- 
tised. A  common  planting  distance  is  2  m  x  2 
m.  giving  a  plant  population  of  2-"00  hiUs/ha. 
The  seed  requirement  is  2—3  kg/hu,  but  many 
farmers  use  much  more  seed,  up  to  7  kg/ha. 
Because  of  the  branching  and  creeping  plant 
habit,  the  optimal  planting  density  is  flexible; 
the  number  of  hills  (with  1-4  plants/hill)  varies 
from  600  to  4000  per  ha.  Butternut'  types  are 
often  grown  at  n  spacing  of  120  cm  x  50-70  cm. 
With  a  dense  planting,  the  soil  will  be  covered 
and  weed  will  be  suppressed  sooner. 

Management  The  traditional  cropping  sys- 


tem of  musk  pumpkin  for  leaves  and/or  fruit 
production  is  intercropping  in  maize  or  sor- 
ghum fields.  It  is  also  planted  on  termite  hills, 
feitde  |ta1ehes  of  abandoncil  Imnif-'if ckN  ■hhI 
kraals.  Sole  croppmg  is  the  appropriate  system 
for  commercial  pumpkin  production  of  im- 
proved rultivius.  Inil  in  .African  countries  this 
is  still  m  Its  mfancy.  Pumpkms  grow  well  on 
organic  matter  and  are  often  encountered  on 
refuse  heaps  The  crop  responds  well  to  farm 
manure  and  to  si<lc  dressings  of  liquid  manure. 
Depending  on  soil  fertility,  the  following  apph- 
cations  are  recommended:  50-100  kg/ha  N,  20— 
40  kg/lia  P  and  40-80  kg/lia  K  during  the  vege- 
tative phase.  A  part  of  the  minerals  can  be 
applied  as  a  top  dressing  of  NPK  10-10-10,  e.g. 
50  kg/ha  at  the  fust  fruit  setting.  Irrigation 
should  be  applied  under  dry  conditions,  e.g.  .50 
mm  weekly.  Sometimes  the  tips  are  removed  to 
diedc  growth  and  promote  brandling. 
In  intensive  cultivation  in  South  East  Asia, 
recommended  cultural  practices  include  the 
use  of  plastic  muldi,  removal  of  growing  tips  to 
improve  brandling  and  development,  bagging 
fruits  in  paper  to  protect  against  fruit  fly.  and 
sometimes  even  manual  pollination  to  increase 
fruit  set. 

Diseases  and  pests  Many  rliseases  and 
pests  attack  Cucurbila  moacluita,  but  only  a 
few  are  really  problematic.  Alteraaria  leafiepot 
or  leaf  blight  caused  by  AUemaria  atcumerina 
is  a  fungus  disease,  which  may  defoliate  and 
kill  affected  plants  within  weeks.  This  fungus 
also  causes  fruit  zot.  In  affected  plants,  small 
r  lund  whitish  necrotic  spots  later  with  concen- 
tric circles,  appear  on  the  oldest  leaves;  these 
turn  grey  and  yellow  and  dry  out.  Use  of 
healthy  seed,  removal  of  plant  debris  and  crop 
rotation  ai'e  means  to  control  the  disease. 
Gummy  stem  blight  (gummy  canker)  on  stems 
and  blade  rot  on  fruits  caused  by  DidymeUa 
hrynin'ar  (anamorph:  Phnwa  ninirhi'tarramm) 
is  a  serious  cause  of  crop  losses  everywhere. 
First  the  nodes  with  nearly  ripe  fruits  are  at- 
tacked, they  become  oily-green  and  sap  exudes 
forming  tlrops  of  gum.  The  stem  beyond  the 
affected  area  wilts.  The  fungus  also  causes 
seedling  death  and  fruit  stalk  canker.  Control 
is  possible  by  using  healthy  seed,  protective 
fungicides  (e.g.  mancozeb)  and  crop  rotation. 
No  cukivar  resistance  has  been  reported. 
Downy  mildew  caused  by  Psoiidoperonospora 
ciihpttst/t  may  heeome  a  devastating  disease 
under  high  air  humidity.  It  starts  on  older 
leaves  with  pale  green  to  yellowish  angular 
spots,  bounded  by  leaf  veins.  The  lower  surface 
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is  covered  with  a  faint  purplish  funfjus-fruitmR 
laj'er  and  the  entire  leaf  rolls  upwards  and 
dies.  Downy  mildew  can  be  controlled  by  wide 
spacing  ^ood  dnnnMgc  imd  Mi'i'jit  ion.  find  crop 
rotation.  Resistance  has  been  found  in  India. 
Fusarium  wilt  (Fiiaaritim  oxytpomm)  causes 
yellowing'  of  the  lonvi  s  followed  by  w  iltins;  and 
fitimting  of  stems  or  the  whole  plant.  Control  is 
possible  by  using  healthy  seed,  removal  of  de- 
bris, crop  rotation,  and  avoiding  cx<«  s-i\ i  ni- 
tropcn  fort ili/at ion.  Rosistnnrr  b  ts  1h  .n  ob- 
served. Anthracnose  caused  by  Lolletvlrichuin 
lagetuaium  is  a  destructive  disease  worldwide. 
It  causes  defoliation  and  lesions  on  the  fruits 
Day  temperatures  of  26-30°C  combined  with 
ni|^t  temperatures  of  18-20*C  and  intmrmit- 
tent  rain  are  most  congenial  to  disease  devel- 
opment. Seed  treatment  and  applying  systemic 
fungicides  may  provide  effective  control.  Pow- 
deiy  mildew  {Eryaiphe  eiehoraeeamm)  may 
occur  under  low  humidity.  The  uppor  side  of 
the  leaves  is  covered  with  the  white  powdery 
fungus  growth,  and  the  leaves  become  yellow- 
ish and  dry  out.  Control  is  possible  with  fimgi- 
cidos  and  resistance  has  lieen  found  Other 
diseases  are  scab  {CluiJusporiuiii  cuciiiiieniiuiii) 
cauenig  small  spots  on  all  plant  parts,  and 

Chnrinc'iihora  wet  rol  (CItnnin'plinra  riiriirbila- 
rum)  causmg  fruit  rot.  Important  virus  dis- 
eases are  cucumber  mosaic  (C\r\0,  papaya  ring 
spot  (PRSV-W),  squash  leaf  curl  (SLCV),  wa- 
termelon  mosaic  (\^'^A'-2)  and  zucchini  yellow 
mosaic  (ZYMV).  These  viruses  often  occur  in 
combination.  They  are  spread  by  medianical 
infection  and  iiisccis  and  {irobalily  to  some 
extent  by  seed  transmission.  The  risk  of  con- 
tamination is  reduced  by  keeping  the  pupula- 
tion  of  virus-transmitting  insects  (aphids, 
whitofly  and  thrips)  low.  Partial  resistance  is 
present  ui  some  cultivars.  The  USA  butternut 
cuttivar  'Batangaa  Native  is  resistant  to  CMV. 

The  Philippine  rulfivars  '.Xi-junn  Fi'  and  'Hr- 
ingo  Fi  (East  West  Seed  Companj')  are  highly 
tolerant  to  viruses. 

Insect  pests  are  seldom  serious  on  musk 

pumpkin  Whiteflies  (eg.  Bi'un'sia  spp.>  and 
spider  miles  (Tetranychus  spp.)  may  cause 
damage.  Whiteflies  cause  silvering  of  the 

leaves.  T.onf-feeding  F.pilnrhna  beetles  may  be 
harmful  on  young  plants.  The  gourd  ladybird 
Henos^ilaehna  elaterii  is  reported  as  a  major 
pest  on  |)umpkins  in  Sudan. 

Harvesting  The  elongating  .stems  supply  a 
good  quantity  of  leaves,  which  are  removed  in 
succession.  When  grown  as  leaf  vegetable,  usu- 
ally the  third  and  fourth  leaves  are  harvested, 


while  the  tip  and  .second  leaves  are  left  to  grow. 
Young  leaves  and  shoots  are  picked  when 
needed.  The  leaf  harvest  may  start  6  weeks 
after  sowing  and  may  l>e  continuecl  for  at  least 
2  months  with  one  hai-vest  per  week.  Care 
should  be  taken  that  one  does  not  tread  on  the 
stems.  Male  flowers  are  sometimes  harvested 
for  consumption. 

Pumpkin  fruits  are  picked  when  nearly  or  fully 
m,-itur..-  weeks  after  flowering,  and  are 

harvested  in  sev<ral  rounds  until  the  crop 
ends,  90-180  days  after  planting.  Some  farm- 
ers will  leave  the  fruits  lying  in  the  fields  for 
weeks  Seeds  are  extracted  as  the  fruits  are 
consumed.  Some  seeds  are  stored  for  future 
planting  and  others  are  used  as  food. 

Tidd  The  number  of  mature  fruits  har- 
vested per  plant  is  low.  and  the  weight  of  indi- 
vidual fruits  varies  widely  from  1—10  kg, 
mainly  depending  cm  cultivar.  Under  low  input 
conditions,  the  yield  is  around  5  t.lia:  with  ijood 
care,  a  yield  of  15  t/ha  is  reasonable.  With  un- 
proved cultivars  a  yield  of  30  t/ha  is  attainable. 
An  average  yield  of  leaves  is  2  t/ha  per  picking, 
or  about  20  t/ha  during  a  hjirvest  period  of  two 
months.  Seed  yield  is  variable,  possibly  MO— 
600  kg/ha.  If  grown  for  seed  production,  isola- 
lion  between  fields  of  musk  pumpkin  and  of 
other  Cucurbila  species  is  recommended,  not 
only  to  maintain  seed  purity,  hut  also  to  obtain 
maximum  jrields,  as  pollen  of  other  species  may 
cause  redured  fimit  .set  and  parthenocarpic 
fruits.  In  proper  seed  extraction  procedures, 
mature  fhiits  are  split  and  the  seed  is  col- 
lected fermented,  washed,  cleaned  and  dried. 

Handling  after  harvest  As  the  leaves  of 
musk  pumpkin  are  highly  perishable,  many 
people  prefer  to  grow  the  crop  in  their  own 
garden,  rather  than  buying  it  in  the  market. 
When  grown  for  sale  at  locud  markets,  leaves 
are  tied  in  bundles  and  these  are  kept  moist, 

e.g.  under  a  jute  bag.  Leaves  are  often  stored  in 
dried  form.  For  that  purpose,  they  are  cut  into 
small  pieces  and  spread  in  the  open  to  dry  dur- 
ing 1-2  da\  s  depending  on  weather  conditions. 
The  dried  l(  lUfs  are  stored  in  eontjiiners  and 
are  used  during  the  dry  season.  Fruits  can  be 
stored  a  long  time  on  slatted  shelves  with  good 
ventilation,  the  butternut  type  for  at  least  one 
month,  big  pumpkins  for  several  months;  stor- 
age at  lO-lG^C  and  70%  humidity  is  most  ap- 
propriate. In  cool  store,  chilling  injury  occurs  at 
temperatures  below  10°C.  Pumpkin  flesh  can 
also  be  dried  in  strips  for  later  use  in  soups  and 
stews. 

Genetle  resonrees  Cueuriita  species  are 
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well  roprcsontcd  in  the  Cuciirhitaceae  germ- 
plasm  colleetions  of  many  institutions  all  over 
the  world.  The  National  Seed  Storage  Labora- 
tory (NSSL)  Fort  ('<illins  Colorado.  United 
States,  and  the  Vavilov  Institute  of  Plant  In- 
dustry (VIR),  St.  Petersburg,  Russia  maintain 
iiiil>(irtiint  t)ase  collections.  Large  c<jllection  of 
CucurbiUi  inoaclutia  are  present  in  the  gene- 
bank  of  NBPGR  in  New  Delhi,  India,  at 
XP(  ;RL,  I^s  Barios,  the  Philippines,  at  NIAS, 
Ibaraki,  Japan,  at  INIA,  Celayn  Mo\iro  and 
at  CATIE,  Turrialba,  Costa  Rica.  Little  atten- 
tion has  been  given  to  the  African  landraoes. 
Nigerian  local  cultivars.  known  as  'Nigeria 
Local'  are  used  by  western  seed  companies  as 
genitora  for  virus  resistance  (CMV,  PRSV, 
WMV  and  ZYM\*).  In  Malawi,  an  evaluation  of 
121  local  pumpkin  landraces  showed  great 
variation  m  fruit  sizes,  shape  and  colour;  a 
oombination  of  mean  fruit  weight  and  number 
of  fruits  per  pi. -mi  are  valuable  characters  for 
yield  improvement,  in  Zimbabwe,  large  num- 
bers of  local  accessions  discernible  by  fruit  col- 
our, size,  rind  hardness.  fla\our.  texture  and 
keeping  quality  have  been  selected.  Systematic 
collection  is  urgently  needed.  Cucurbita  ino- 
achaia  is  a  mandate  species  of  the  Southern 
.African  Developing  Tountries  Plant  r'.pnefic 
Resources  Centre  (SPGRC)  at  Lusaka,  Zambia. 

Breeding  Cumrbita  moschata  is  naturally 
crosa-pollinated but  self-compatible,  inbreeding 
causing  little  loss  of  vigour  A  con.'iiderable 
degree  of  heterosis  of  inbred  luies  has  been 
observed.  Hand'pollination  of  the  laige  flowers 
is  an  easy  0]:>erati<)n.  S('e<l  c<iini>nni('s  are  less 
mterested  m  upen-poiimated  cultivars  and 
commercialize  many  Fi-hybrids.  Seed  company 
Technisem  devf>loped  the  Fi  cultivar  Mar- 
tinira'  especially  for  tropical  lowland.  Breeding 
work  in  the  tropics  is  rare  and  very  little  breed- 
ing work  has  been  reported  fix>m  tropical  Af- 
rica. The  South  .\frican  Fi  cultivar  Pnrbnrn'  is 
a  butternut  type  introduced  in  southern  Africa 
(Zimbabwe,  Zambia).  It  combines  earlinesa, 
high-yielding  capacity,  disease  resistance  and  a 
high  carotene  ('(sntcnt  Almut  -30  genes  known 
to  control  qualualue  characters  have  been 
described  in  the  cultivated  CumriUa  speaes. 
Desirable  traits  are  nvnilnblc  in  related  wild 
species,  such  as  powdery*  mildew  resistance  in 
Qicurbita  htndelUana  L.H.Bailey.  A  study  of 
molecuI.H  iniii  kcrs  in  31  landraces  from  Zam- 
bia and  Ivialawi  revealed  4  clusters  of  geno- 
types. 

The  interspecific  cross  of  Cueuihita  moaefutta 
with  Cucurbita  maxima  and  Cueurhita  mixta 


Pangalo  results  in  a  viable  Fi  but  sterile  prog- 
eny: with  Cueurhita  pepo  in  sparingly  fertile  Fi 
plants,  the  F;  plants  being  sterile;  with  Cuair- 
bita  ficifiilid  Hduclie  in  fruits  without  seed  .\ 
Japanese  company  developed  a  commercial 
interspecific  Fi  hybrid  with  Cucuibita  maxima 
and  Cucurbita  moachata  lines  as  parents.  No 
spontaneous  hybridization  between  tb>  I'ne 
cultivated  Cueurhita  species  (Cumrbiia  /icij<>- 
lia,  Cucurbita  maxiiita.  Cucurbita  mLvta,  (m- 
curbila  mnschala  and  Cucurbita  pepo)  has  been 
reported.  Results  of  interspecific  hybridization 
suggest  that  the  sterility  barriers  are  genie 
rather  than  tln'  result  ufa  lack  of  chromosomal 
homology,  which  means  that  heterozygosity 
improves  the  diances  of  obtaming  interspecific 
hybrids. 

Prospects  Ciiciirhita  inoscliala  is  a  highly 
appreciated,  multipurpose  vegetable,  easy  to 
cultivate,  potentially  high  yielding  and  with  a 

high  nutritional  value.  It  hnshpf-n  nrglrctr-d  by 
formal  research.  In  Airica  cultural  practices 
are  still  extensive  and  yield  levels  are  low;  (al- 
most) no  breeding  for  yield,  disease  resistance 
and  quality  has  been  perfornuMj  With  the  in- 
troduction of  improved  cultivars,  ancient  land- 
races  are  in  danger  of  disappearing.  Germ- 
I)!asm  collection  of  .African  landraces  deserves 
priority.  In  addition  to  development  of  im- 
proved cultivars  for  the  fruits,  attention  ^ould 
be  paid  to  the  potential  of  the  leaves  and  seed, 
and  to  seed  as  a  source  of  vegi-t .')lilt>  fat  and 
protem.  Hybrid  cultivars  with  virus  resistance 
genes  have  a  large  potential. 
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CUCURBITA  PEPO  L. 

Protologue  Sp  pi  2:  1010(1753). 
Family  Cucurbitaceae 
duromosome  number  2n  =  40 

Vernacular    names   Courgette,  zunhini 
summer  squash,  vegetable  marrow,  pumpkin 
(En).  Courgette,  courge,  citroullle  (Fr).  Abo- 
bnnlui  nbiilxirinha,  abobora  (Po),  Mboga  (S\v), 

Origin  and  geographic  distribution  The 
centre  of  urigm  of  Cucurbila  pepo  is  Mexico, 
where  it  was  domesticated  at  least  6000  years 

ago.  It  is  aomefimes  beliovod  that  it  wns  iln- 
mesticated  on  separate  occasions  in  Mexico  and 
the  United  States  as  data  from  archaeological 
research  and  molecular  studies  suggest  that 

two  lineages  of  domestieatod  (mxm  exist  in  O/- 
eurbila  pepo.  It  was  introduced  in  Europe  with 
other  CueurhUa  species  during  the  16^  cen- 

fuiy.  Cucurbila  pepo  is  1<-ss  hc:\\  resist  nnt  than 
Cucurbila  itioachnta  Duchesne,  and  for  that 
reason  less  appi  upriate  for  tropical  Africa,  yet 
it  is  grown  on  a  limited  scale  in  all  countries.  It 
is  traditionally  more  important  in  frnncdfihone 
than  in  anglopiione  countries  and  is  mamly 
grown  in  the  vicinity  of  big  cities,  especially  for 

FAirnpcjiti  nml  Lf  lmtiese  customers. 

Uses  The  immature  fruits,  called  courgette, 
zucdiini  or  summer  squash,  are  the  main  prod- 
uct of  CueurbUa  pepo,  Th^  are  eaten  as  a  veg- 


Cueurbita  pepo  -  planted 


ctable,  either  boiled  or  fried  or  stuffed.  Mature 
fruits,  called  winter  squash  or  pumpkin,  are 
used  peeled  und  cooked  like  the  fruits  oiCucur- 
bifd  ni'ixiind  Durhesne  nr  folluvvint,'  the  Anglo- 
Saxon  tradition,  prepared  as  pumpkin  pie.  In 
West  Africa  the  fruits  are  used  in  soups  and 
with  CLUiscoiis.  Gem  squashes,  small  globular 
fruits  popular  in  southern  Africa,  are  cooked 
whole  or  cut  in  half  and  their  flesh  is  scooped 
out  and  eaten.  The  young  leaves  and  shoots  are 
used  as  a  potherb  e.g.  in  south-westeni  Nige- 
ria, but  in  general  the  leaves  of  Cueurbita  mo- 
sckata  are  preferred,  being  less  coarse.  Male 
flowers  of  courgette  are  sometimes  used  to 
make  fritters.  Vegetable  spaghetti'  cultivars 
are  a  speciality;  whoi  cooked  the  flesh  of  ma- 
ture  fruits  resolves  into  thin  strands  which 
look  like  spaghetti.  Ciiriirhit<t  pt'po  seeds  are 
edible  in  the  same  way  as  those  of  other  cucur- 
bits, either  raw  or  roasted.  Pumpkin  seed  pow- 
der is  used  in  Cbina  and  the  Tnited  States  as 
an  ingredient  of  salad  dressings  and  in  baked 
products.  The  seed  oil  is  used  as  salad  oil  in 
Europe,  and  in  India  for  cooking  and  lighting. 
The  seed  is  becoming  popular  for  its  medicinal 
properties  including  the  prevention  of  kidney 
stones.  In  Africa  the  pulp  is  used  as  a  poultice 

In  treat  burns  and  innnmm.it  inns  and  as  a  cool- 
mg  compress  to  treat  headache  and  neuralgia; 
it  has  also  been  applied  to  tumours  and  corns. 
Seeds  are  oaten  as  an  anthelmintic.  In  Mauri- 
tius an  infusion  of  the  seeds  i.s  used  internally 
to  treat  hjpertension  and  prostate  complaints, 
and  externally  to  treat  erysipelas. 

The  fruit  pulp  has  been  used  to  dehoir  and 
soften  hides  m  tannmg.  In  Western  countries 
.special  cultivars  are  grown  for  the  nicely 
shaped  and  coloured  fruits  ( coloquintes').  Hie 
fruits  of  thi^se  ornamental  cultivars  have  a 
hard  ruid  and  are  not  edible.  Pumpkuis  are 
sometimes  grown  for  animal  fiaed. 

Fkoduction  and  international  trade  Inter- 
nati<mal  statistics  on  production  and  trade 
rarely  distinguish  between  Cueurbita  pepo  and 
other  Cucurbila  species;  this  especially  affects 
information  on  tropical  Africa,  where  Ciiriir- 
bita  pepo  is  less  important  than  Cueurbita  iitu- 
sckata  or  Cuturbiia  maxima.  FAO  statistics  for 
2002  estimate  world  jirerhu  iion  of  pumpkins, 
squashes  and  gourds  {Lagenaiia)  at  17.7  mil- 
lion t  from  1.4  million  ha.  China  is  by  far  the 
most  important  producer  ( i  million  t,  mainly 
Benincnsn).  followed  by  India  (.'^  5  million  t), 
Ukraine  (0.9  million  t)  and  the  L  nited  States 
(760,000 1).  For  tropical  Africa  substantial  pro- 
duction is  reported  in  Cameroon  (122,000  t), 
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Rwanda  (210,000  t)  and  Sudan  (68.000  t).  Dur- 
ing winter  there  is  some  export  of  courgette 
from  East  Africa  to  western  Europe  and  occa- 
sionally to  the  Ar;il)  states  f^iuntries  in  north- 
em  Al'rica,  e.g.  Morocco,  also  export  courgette 
to  Europe. 

Properties  The  nutritional  oompoeition  of 
Cucurbitu  pepu  fruits  varies  somewhat  with 
type  and  degree  of  maturity.  Zucchini  is  high- 
est  in  water  content  and  lowest  in  calories, 

winter  squash  lowest  in  water  and  hij^hcst  in 
en«rg5S  summer  squash,  pattypan  and  other 
t]^8  eaten  unripe  are  similar  to  zuodiini  al- 
though somewhat  lower  in  water  and  higher  in 
energy  and  nutrients;  pumpkin  is  similar  to 
winter  squash.  Types  with  yellow  to  pink  fiuit 
flesh  are  rich  ui  vitamin  A, 

The  cnnip<isitinn  of  zuechini  per  100  k  edible 
portion  (raw,  iio%  as  purchased)  is:  water  95.3 
g,  energy  69  kJ  (14  kcal),  protein  1.2  g,  fat  0.14 

g,  carbohydrate  2.0  p  dietary  filin-  ]  .2  p  ' 'a  1  " 
mg,  Mg  22  mg,  P  32  mg,  Fe  0.4  mg,  Zn  0.2  mg, 
vitamin  A  340  lU,  thiamin  0.07  mg,  riboflavin 
0.03  mg,  niadn  0.4  mg,  folate  22  pg,  ascorbic 
acid  9.0  mg.  The  composition  of  winter  squash 
per  100  g  edible  portion  (raw,  71%  as  pur- 
dhased)  is:  water  88.7  g,  energy  166  kJ  (37 
kcal),  protein  ]  ri  fat  0.2  carbohydrate  8.8 
g,  dietary  fibre  1.5  g,  Ca  31  mg,  Mg  21  mg,  P  32 
mg,  Fe  0.6  mg.  Zn  0.13  mg,  vitamin  A  4060  lU, 
thiamin  0.10  mg,  riboflavin  0.03,  niacin  0.8  mg, 
folate  22  [iq.  ascorbic  acid  12. .3  mg.  The  compo- 
sition of  pumpkin  leaves  (Cucurbiki  sp.)  per 
100  g  edible  portion  (raw,  61%  as  purdiased) 
is;  water  92.9  g.  energy  80  kJ  (19  kcal).  protein 
3.2  g,  fat  0.4  g,  carbohydrate  2.3  g,  Ca  39  mg, 
Mg  38  mg,  P  104  mg,  Fe  2.2  mg,  vitamin  A 
1942  ir,  thiamin  0.09  mg,  riboflavin  0.13  mg, 
niacin  0  1*  mp  .iscorbic  acid  11  mc  The  compo- 
sition of  pumpkin  and  squash  seed  kernels  per 
100  g  edible  portion  (raw,  74%  as  purchased) 
is:  water  f).9  g  energy-  22^.5  kJ  (,^41  kcal),  pro- 
tein 24.5  g,  fat  45.8  g,  carbohydrate  17.8  g, 
dietaiy  fibre  3.9  g,  Ca  43  mg,  Mg  535  mg,  P 
1 174  mg,  Fe  14.9  mg,  Zn  7.5  mg,  vitamin  A  380 
lU.  thiamin  0  21  mg.  riboflavin  0.32  mg.  niacin 
1.7  mg,  folate  58  pg,  ascorbic  acid  1.9  mg 
(USDA  2002). 

Fruits  (if  r umrhila  pf^pn.  especially  omamen- 
tal  forms,  may  contam  bitter  compounds;  cu- 
cuifoitadns  6,  D,  E,  G  and  I  and  the  glycoside 
of  cucurbit  a  cin  E  have  been  recorded.  Seeds  (as 
reported  from  F^ritreai  are  rich  in  oil  (about 
35%)  and  contain  protein  38%,  carbohydrate 
37%  and  a-tocopherola.  The  oil  contains  Unoleic 
add  47%,  oleic  add  29%,  pahnitic  add  13.6% 


and  stearic  acid  8%  Seed  extracts  .showed  in- 
secticidal  acti\ities  against  mosquitoes  and 
flies,  and  reduction  of  arterial  tension  in  chick- 
ens, The  rilinsunie-inactivating  protein  pepodn 
has  been  isolated  from  Cucurbila  pepo  &uits. 

Adnlterationa  and  substitates  Cultivars 
of  Ctirtiihitn  fivi folia  Bouche.  Cucurbila 
mtucima  and  Cucurbila  moscliala  are  used  for 
the  same  purposes  as  Citmrhitn  pepo. 

Description  Annu.d  >>  .inili  ni  herb  climb- 
ing by  lateral,  l-bi-anchcd  tendrils,  strongly 
branched,  or  with  bushy  habit  and  then  often 
without  tendrils;  stems  angular  and  often 
grooved,  prickly  hairy,  often  rooting  at  nodes 
Leaves  alternate,  simple,  without  stipules; 
petiole  9-24  cm  long,  grooved;  blade  broadly 
ovate  to  triangular  in  outline,  distinctly  pal- 
mately  o-T-lobed  {10-)2O-3.5  cm  in  dirimder. 
deeply  cordate  at  base,  margms  toothed,  bristly 
hairy,  often  with  white  markings,  3-6-veined 
from  the  base.  Flowers  solitary,  iinisexiinl, 
regular,  .'i-merous,  large  c.  10  cm  in  diameter, 
lemon  yellow  to  golden  yellow;  sepals  free, 
subulate  to  linear,  1-3  cm  long;  corolla  cam- 
panulate,  with  erect  to  spreading  lobes:  male 
flowers  long-pedicelled.  with  3  stamens,  fila- 


Ctirurbita  pepo  1,  flou'crinp>  and  fruitiiifi 
bmnch  (courgetle);  2,  fruit  (gem  squash);  3, 
aeed. 

Redmm  tatd  adapted  by  likak  Syammdin 


CUCURBITA  276 


ments  froo,  anthers  usually  connivcnt  into 
alonp  twisted  body:  fpmale  flowers  shortly 
pedici'llt  ii  with  inlV  iior  rounded  to  ellipsoid, 
1-celled  ovary,  styl*'  thn  k  stiyniri<  3  l^-Iolu'd, 
Fruit  a  large,  globose  lo  ovoid,  obovoid,  cush- 
ion-shaped or  cylindrical  berty,  weighing  up  to 
50  kg  when  nuitun'.  with  a  wide  range  of  col- 
ours, with  small,  raised,  wartlike  spots  or 
smooth,  sometimes  deeply  grooved;  flesh  whit- 
ish  to  yellow  or  orange,  many-seeded;  fruit 
stalk  pentagonal  in  section  not  enlarged  at 
apex.  Seeds  obovoid,  flattened,  1-1.5  cm  x  0.5- 
1  cm,  usually  white  or  tawny,  surface  smooth 
to  somewhat  roui^h  margin  prominent.  Seed- 
ling with  epigeal  germination. 

Other  botnnieal  InfbcmntioiL  Principal 
features  distinguishing  Cucurbita 
other  cultivated  Cucurbita  species  are  more 
Aa&plfy  lobed  leaves  with  silvery  markings, 
pridcly  haiiy  stems  and  leaves  and  fruit  stalk 

hard  nntl  pentnponnl  in  crnss-sertion. 
Supposed!}'  wild  populations  of  Cucurbit  a  prpo 
are  known  from  northern  Mexico  (siib^^i),  frat- 
erna  (L.H.Bailey)  D.S. Decker)  and  eastern  U- 
nited  States  (subsp  m  ifeni  (L.)  D  S  I  )eckor  var 
ozarhatia  D.S.Decker  and  var.  iexaiia  (Scheele) 
Filov).  These  are  all  considered  candidates  for 

the  proijonitor  of  cultivated  Cunirhi !ii  pi'iin 
which  has  Ix't  n  divided  into  2  taxa,  snha^.  pepo 
and  subsp  at  ifera  var.  ovifem  Harz. 
Several  cultivar  classitu  at  ions  have  been  pro- 
posril  but  none  has  been  widi-ly  accepted. 
Mediterranean  type  cultivars  called  cxturgette 
or  zucchini,  grown  for  the  immature  cylinthrical 
fruits,  must  important  fnr  tmpical  Africa. 
The  American  or  English  t^pes,  known  as 
vegetable  marrow,  summw  squash,  cocozelle, 
crookneck  and  st  raightn«ck  are  also  grown  for 
their  young  tVints  whereas  pumpkin  or  winter 
squash,  aconi  types  and  also  local  African  cul- 
tivars (old  introductions)  are  grown  for  the 
mature  fruits. 

Modem  courgette  cultivars  are  mostly  charac- 
terized by  a  bushy  growth  type.  Fruits  of  these 
cultivars  are  mostly  elongate,  but  some  are 
spherical  (e.g.  'Courgette  Ronde  de  Xicc  )  or 
flattened  and  star-like  (scalloped  summer 
squadi,  pattypan  or  pStisson).  Coussa  types, 
popular  in  the  Middle  East,  are  eaten  when 
nearl}'  mature;  they  are  often  stuffed  with 
meat,  spices  and  rice.  Vegetable  marrow  and 
vegetable  spaghetti  cultivars  are  vigorous  trail- 
ing plants,  (Jem  squash  is  popular  in  southem 
Africa  (Malawi,  Zambia,  Zimbabwe,  South  Af- 
rica). Some  cultivars  produce  naked  kernels,  an 
interesting  character  if  edible  seed  production 


is  wanted. 

Growth  and  development  Seeds  t,'<  i  mi- 
nate  5-7  days  after  sowing,  or  earlier  if  the 
sf'r'd-(  f),it  is  carcfullx'  split  or  iiccled.  Plants  de- 
velop an  extensive  fibrous  root  system  and 
their  growth  is  indeterminate.  Under  favour- 
able conditions  stems  may  grow  up  to  15  m 
long  and  root  at  the  nodes.  Many  modern  culti- 
vars of  courgette  have  a  bushy  habit  character- 
ized by  short  intei-nodes  and  sparse  or  no 
branching.  f-'Iowcrina  st.irts  .'iO— 40  days  after 
emergence  of  the  seedlmg,  and  is  more  or  less 
continuous.  Pollination  is  by  insects,  mainly 
bees  and  wasps,  The  first  immature  fruits  can 
be  harvested  50-60  days  after  germination. 
Mature  fruits  can  be  harvested  after  90-100 
days.  Under  cool  temperatures  (nights  10*C, 
days  20''C)  parthenocarpic  fruit  set  may  take 
place. 

Ecology  Cumri}iia  pepo  tolerates  monthly 

.-iverage  day  temperatures  of  18— 28°C  but 
growth  is  best  when  day  temperatures  are  be- 
tween 24*C  and  29*C  and  night  temperatures 
between  IG^C  and  24°C,  as  found  at  high  alti- 
tudes in  East  Africa  or  at  higher  latitudes. 
Production  is  mostly  restricted  to  the  begm- 
ning  of  the  dry  season,  when  temperatures  are 
relatively  low  and  the  pressure  of  aphids  less 
mtense. 

Cuairbita  pepo  behaves  as  day-neutral.  It  is 
drot^t  tolerant,  but  requires  about  2.5  cm 
water  per  week  for  good  production.  It  prefers 
fertile,  well-drained  soils  of  pH  5.6-8.0.  Alu- 
minium and  manganese  toxicity  in  acid  soils 
must  be  corrected  by  liming.  In  bush  cultivars 
hea\y  rains  (more  than  40  mm  in  one  day) 
quickly  induce  symptoms  of  waterlogging  and 
splitting  of  the  stem,  which  finally  breaks 
since  there  are  no  axillary  buds  these  pl.ints 
are  lost.  For  this  reason,  and  also  because  of  its 
higher  susceptibility  to  diseases  and  slower 
growth  rate  at  high  temperatures  Curtirbita 
pepo  is  less  adapted  to  tropical  lowlands  than 
Cucurbita  moachata,  especially  during  the 
ramy  season. 

Propagation  and  planting  All  Cuciirbita 
pepo  types  are  grown  from  seed.  Trailing 
plants  may  be  propagated  by  cuttings,  but  this 
is  not  done  in  practice.  Several  seeds  of  cour- 
gette or  pumplun  are  sown  directly  in  small 
hills;  for  bush  cultivars  only  one  plant  per  hiU 
is  left.  Seeds  are  placed  about  2.5  cm  deep.  For 
bush  cultivars  40  000  plants/lia  are  planted  in 
double  rows,  on  beds  1.2  m  wide,  or  on  equidis- 
tant hills  50  cm  apart.  Trailing  cultivars 
should  be  sown  at  wide  spacing  with  5000- 


276  VEGETABLES 


10,000  plants/ha  because  they  cover  the  soil 
surface  for  several  metres  around.  Growing 
seedlings  in  a  nursery  and  transplanting  is 
recomm'-ni!i''l  when  costly  F:  seoils  iire  used 

Management  Growth  and  productivity  of 
Cumthiia  pepo  plants  respond  yety  well  to 
large  applications  of  (ii  t;,iiiic  matter  (farm  ma- 
nure or  compost),  which  need  not  be  fiiUy  de- 
composed (NH3  emissions  are  well  tolerated). 
The  organic  matter  should  [jh  iVrMbly  he  incor- 
pornicd  in  the  planting  hole  or  furrow,  in 
amounts  of  50-70  t/ha.  The  crop  also  responds 
well  to  a  complementary  application  of  mineral 
fertilizer,  e.g.  160  kg  X.  150  kg  P  and  300  kg  K 
one  half  b^re  planting,  the  other  half  30  days 
later.  Plaoonent  of  bee  hives  in  the  field  during 
flowering  often  improves  pollination  and  yield. 

Diseases  and  pests  Cucurbita  pepo  is  more 
susceptible  to  diseases  present  in  ihe  humid 
lowland  tropics  than  Cueurbita  mosehata.  The 

principnl  leaf  disensc  is  junviliTy  mildew, 
caused  by  Erysiplie  cichoracearuin  (or  espe- 
cially in  diyer  conditions  Sphaerotheea  fidigi- 
nea).  AUemaria  or  Ulovladium  spp.  can  some- 
times cause  necrotic  leaf  spots.  Downy  mildew 
{Paettdupc'l  uiiuspuia  cubenaia),  very  destructive 
on  cucumber  and  muskmelon,  induces  only 

localized  small  yellow  lesions,  except  in  Japan, 
where  a  virulent  strain  was  described  on  Cu- 
cup&tto  spp.  Didymetla  bryoniae  causes  leaf 
spot  mostly  on  senesc<'nt  jx'tioles  only.  Tem- 
peratures in  the  lowland  arc  bight  r  than  opti- 
mal for  the  development  of  anthracnose  {Colle- 
iolriehum  It^enarmm)  and  scab  (Cladosporuim 
atcumeriauin).  but  th(><i'  fungi  of  leaves  and 
fruits  may  occur  at  higher  elevations.  A  num- 
ber of  other  lungi  can  attack  the  young  fruits. 
Wet  rot  (Choancphom  niriirhitarutn)  first  in- 
vades the  corolla,  then  Ihe  blossom-end  of  the 
fruit.  PylhUiin  aphanidermaium  and  Hty- 
topMhom  eapsici  invade  the  fruits  directly 
from  tlic  soil  the  zoospores  or  conidia  being 
splashed  on  the  iruits  by  heavy  rain.  Direct 
contact  witii  the  soil  can  also  cause  Rhizoetonia 
aolinii  or  Selerotium  rolfni  fruit  rots.  Plastic 
mulch  may  give  good  control  of  these  soil- 
linked  diseases,  provided  water  can  freely 
drain  off  fit>m  the  mulch.  Roots  and  stem  bases 

of  ^ iiriirhifa  pepo  may  be  in\'ailcr|  by  Pyfhium 
aphanidermatum,  Phytophthora  eapsici, 
RhizocUmia  aokaU  and  occasionally  by  the 
seedbome  Fitacuvim  aoUmi  tsp.  euatrbUae. 
The  most  important  root  diseases  are  caused 
by  root-knot  nematodes  (Meloidogyne  spp.), 
against  whidi  manuring  with  oi^anic  matter 
under  the  plants  is  a  good  control  measure. 


Several  viruses  can  infect  Cticurhila  pepo.  The 
most  important  in  the  lowland  tropics  is  the 
papaya  ringspot  potyvirus-W  (PRSV-V\'),  also 
calli  (I  watermelon  mosaic  virus-1  (WMV'l). 
Cucurbit  beetles  {Epilachiui,  Diabrolica,  Aca- 
lymma  spp.)  are  vectors  of  the  seedbome 
squash  mosaic  virus  (SqM\'),  The  cucumber 
mosaic  virus  (CMV),  watermelon  mosaic  poty- 
virus-2  (WMV2)  and  zucchini  yellow  mosaic 
potyvirus  (ZYMV)  are  nOXlOtts  viruses  in  sub- 
tropical countries,  but  are  rarely  obsen-ed  in 
the  tropics.  Several  whiteily-transmitled  vi- 
ruses attadc  Cueurbita  pqm  in  temperate  and 
subtropical  regions,  but  have  not  been  observed 
in  tropical  Africa. 

Direct  insect  damage  may  be  caused  by  Aphis 
goaaypii,  Epilachna  spp.  and  other  beetles, 
Bcntisia  argciili folia  (synonym  Bcmisia  t abaci 
strain  B),  pickle  worm  (Diuphania  nilidali^) 
and  melon  worm  (DiaphanSa  hycUinakt,  q^o- 
nym:  }far^garonin  hyaHnafn).  Fruit  flies  (Oacu* 
ciimrbitae)  cause  serious  losses  in  West  Africa. 
Spider  mites  (Tetranychua  spp.)  can  invade  the 
leaves  when  day  temperatures  are  higher  than 
30°n 

Harvesting  Courgette  fruits  are  best  har- 
vested at  a  commercial  size  of  20-26  cm,  long 
before  the  seeds  differentiat(>  from  the  flesh.  At 
that  stage  the  fruits  have  reached  about  one 
quarter  of  their  final  size.  This  may  start  66- 
GO  days  after  sowing.  Gem  squash  is  ready  for 
hane.sting  once  the  outer  skin  starts  harden- 
ing but  before  the  seeds  have  matured.  At  that 
stage  th^  are  about  6  cm  in  diameter.  The  plot 
should  be  visited  even,'  day  since  fruits  enlarge 
very  quickly.  The  harvest  period  may  last  30— 
40  days.  Pumpkin  cultivars  grown  for  mature 
fruits  are  harvested  once  over  at  the  early  ma- 
turity stage. 

Yield  Bush  cultivars  pixjduce  5-8  fruits  per 
plant,  trailing  cultivars  many  more.  Fi  hybrid 
courgette  cultivars  grown  under  optimal  cid- 
tural  practices,  such  as  adequate  organic  and 
mineral  fertilizing,  regular  irrigation,  adequate 
control  of  diseases  and  aliscnce  of  heavy  rains, 
may  yield  u{>  to  80  t/ha.  In  tropical  Africa,  an 
average  yield  level  is  20  t/ha. 

HandUng  after  harvest  Immature  fruits 

are  verj'  susceptible  to  damage  .ind  must  be 
carefully  handled  and  put  mto  baskets  or 
crates  coated  with  paper  or  plastic.  They  can* 
not  be  kept  longer  than  5-6  days  at  tempera- 
tures of  2.5-.35''(\  Optimum  storage  tempera- 
ture is  10°C,  with  a  storage  life  of  20-25  days. 
Larger  firuits  fibr  family  use  <40-60  cm  long  for 
courgette  or  vegetable  marrow)  can  be  kept  one 
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month  or  more  at  2o°C.  Mntuic  fruits  can  be 
stored  for  several  months.  The  pulp  may  be  cut 
into  chips  or  strips  and  dried  for  later  use  in 

smips 

Genetic  resources  important  collections  of 
Cueurhita  pepo  are  preserved  in  a  number  of 

instituti  s  in  the  world,  e.g.  Institute  of  Crop 
Germplasm  Resources  (CAAS),  Beijing,  Chma 
(390  accessions),  Genebank  Department,  Vege- 
i-ilili  Section  Olomouc,  RICP  Prague,  Czech 
Republic  (380),  I'niversidad  de  San  Cario.s  (FA- 
USAC),  Guatemala  City,  Guatemala  (-175),  N.I. 
Vavilov  All-Russian  Scientific  Researdi  Insti- 
tute of  Plant  Industn,-.  St.  Petersburg.  Russian 
Federation  (326),  Banco  de  Germoplaama  de 
Hortioolas,  Zaragoza,  Spam  (;J5())  and  North 
Central  Kegional  Plant  Introduction  Station, 
USDA-ARS  Ame.s  lA.  United  States  (800). 

Breeding  Cucurbita  pepo  is  naturally  cross- 
pollinated  but  self-compatible.  Inbreeding  does 
nol  induce  significant  loss  of  vigour  Tradi- 
tional cultivars  offered  by  seed  companies  are 
true  inbred  lines;  they  offer  an  easgr  start  for 
development  of  Pi  hybrids,  which  yield  50- 
100%  more  than  open-pollinaf ed  cultivars  Fi 
seed  is  obtamed  either  by  hand  pollination,  or 
by  plantings  both  parents  in  the  field  side  by 

side,  the  female  one  develojied  by  2- 
chloroethyl-phosphonic  acid  sprays.  Commer- 
cial hybrids  belong  to  the  bush  type.  Fi  hybrids 
between  bush  .ind  trailing  cuKivars  were  tried 
in  the  West  Indies.  They  give  robust  and  highly 
productive  plants  with  stems  1-1,5  m  long,  less 
susceptible  to  breakage  afiier  heavy  rains. 
Intersix'cific  livbridizat ii>n  is  possible  with  Cu- 
curbilu  iHuxiina  and  Cucurbita  moachala,  but 
the  progeny  is  not  fertile.  Genes  can  be  trans- 
ferred to  vegetable  cultivars  from  any  cultivated 
type  of  Ciinirhita  pppn  including  smal]-fniite<l 
cultivars  grown  as  ornamentals,  as  well  as  from 
closely  related  wild  taxa  (e.g.  var.  fcsBona).  Inter- 
esting characters  such  as  powdeiy  mildew  and 
virus  resistances  have  been  transferred  to  Cu- 
euihita  pepo  from  wild  CueuihUa  species.  Com- 
mercial hybrids  with  powder}^  mil-dew  resis- 
tance are  appearing  in  seed  cattdogues. 

Prospects  In  tropical  .\lrica  old  trailing 
pumpkin  cultivars  of  Cucurbita  p^o  will  be 

replaced  by  Ciinirhita  mosrhatn,  more  resis- 
tant to  tropical  conditions  and  diseases.  Cour- 
gette is  becoming  increasingly  popular.  The 
availabilily  of  cultivars,  possibty  Fi  hybrids, 
accumulating  resistance  to  powderj'  mildew 
and  viruses,  lower  susceptibility  to  stem  break- 
ing and  resistance  to  high  temperatures  would 
make  production  easier  for  the  local  market. 


Prospects  for  export  production  in  tropical  Af- 
rican countries  during  the  winter  to  Europe  are 
not  favourable  as  they  would  have  to  compete 
with  countries  in  northern  A&ica  (e.g.  Morocco) 
and  Spain  (Andalusia). 
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CYCLANTHERA  PEDATA  (L.)  Schrad. 

Protologue  Ind.  sem.  hort.  acad.  Goetting. 

(18;il):  l.mnaea  s,  Litt.  Beridite:  23  (1833). 

Family  <  'iicurliit  aceae 
Chromosome  number  2/i  =  1(3,  32 
Vernacular  names  Slipper  gourd,  lady's 

slipper,  stuffing  eucumlier,  achocha  (En).  Acho- 
cha  (Fr).  Tamia  de  comer,  tamii  de  cipo  (Po). 

Origin  and  geograpliie  distaclbutlon  Cyclan- 
llti-ra  pedata  is  a  native  of  Andean  South 
.\merica  but  now  only  known  in  cultivation  or 
as  an  escape.  It  is  cultivated  from  Mexico  to 
Peru  and  Ecuador  and  also  in  the  Old  World 
troi.irs.  Tn  .Africa  cultivation  is  restricted  to 
highlands  of  East  Africa. 

Uses  Young  fiuits  are  eaten  raw  or  pidded 
Older  fruits  are  eaten  after  removal  of  the 
seeds  and  lioilint;  The  taste  is  similar  to  that  of 
cucumber.  Young  shoots  and  leaves  are  eaten 
as  greens.  Cyekmthera  pedata  has  the  reputa- 
tion  of  being  anf  i-inflammatory,  hypocholester- 
olaemic  and  hypoglj'caemic.  An  extract  of  the 
fruit  is  marketed  under  the  name  Ciycladol. 

Properties  The  fruit  contains  jier  100  g: 
water  9  1  g  protein  O.ti  g  fat  0  1  g  cDrliohy- 
drate  4  g,  fibre  0.7  g,  Ca  14  mg,  1*  11  mg.  Fe  0.8 
mg,  thiamin  0.04  mg,  riboflavin  0.04  mg,  niacin 
0.3  mg,  ascoibic  add  14  mg  (Rubatzky  &  Ta- 
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maguchi.  H)07). 

Invpstigations  into  the  chemical  constituents  of 
Cyhiii  thera  pedeUa  seeds  and  fruits  have  re- 
vc;il<'(l  (he  presi-no'  of  flinoii  silycDSides.  9 
tntei-penoid  saponms  and  6  cucurbitacin  gly- 
oosides. 

Botany  .Annual,  niunoedous  vigorous  vine; 
stem  up  to  5  m  long,  glabrous;  tendrils  bifid. 
I^eaves  alternate,  palmately  3-6>folioIate  or 
simple  hut  very  d(>('ply  lobcd:  stipules  absent; 
petiole  1-8  cm  lonj::  IcnHcts  or  lobes  elliptical, 
sinuate-serrate.  Flowers  unisexual,  regular,  5- 
merous;  male  flowers  in  axillary,  10-20  cm 
long  panicles:  female  nnwi-is  ^(iHtiiry,  with 
inferior,  1-celled  ovar^'.  Fruit  an  indehisoent, 
obliquely  ovoid  berr>'  up  to  16  em  long,  taper^ 
ing,  flattened,  white-green,  sometimes  with 
stift  spmes.  many-seeded.  Seeds  c.  1.6  cm  in 
diameter,  black. 

CyeUmtkera  is  placed  in  Cyelanlhereae,  an  en- 
tirely Xew  World  tribe.  Cyrlaiitfirra  brachy- 
slachya  (Ser.)  Cogn.  (sj-nonym:  Cyclantliera 
explodtna  Naudin,  called  'fat  baby  )  is  culti- 
vated locally  in  Cameroon  at  altitudes  of  1500- 
200(3  m  as  a  fruit  vegetable.  It  differs  notably 
from  Cyclanlhera  pedala  in  its  explosively  de- 
hiscent, small  fruits  (2-4  cm  long). 

Ecology  CyrlatilliiVd  j>i'(ltil(i  is  fnirly  toler- 
ant of  cxtld  and  cultivated  in  the  tropics  at  alti- 
tudes of 2000-3000  m. 

Management  Propagation  is  by  .seed.  Plants 
are  spaced  at  90  cm  <  HO  cm.  They  h.-tve  to  be 
staked.  Fruits  are  harvested  trum  about  3 
months  after  planting.  Plants  usually  remain 
]>riHlucti\ ('  with  ,iliutul,int  fruiting  for  several 
months.  Harvesting  is  preferably  done  when 
the  fruits  are  full-sized  but  stiU  immature. 

Genetic  resources  and  breeding  Interest 
in  Cyclnufhera  peHalo  is  mainly  in  the  .\meri- 
cas  and  India,  where  commercial  cultivars  are 
marketed. 

Prospects  Tn  hiehlnnd  nrons  in  fropirnl  .\f- 
rica  Cyclanlhera  pedala  certainly  has  a  future 
as  a  vegetable  crop.  Products  based  on  a  fruit 
extract  are  marketed  m  the  I'nitcd  States  and 
western  Europe  as  a  herhiil  nv  licinc  riijainst 
high  cholesterol  levels,  and  demand  might  well 
increase. 

Major  references  J^Brey  C.  1W)7;  Mon- 
toro,  P.  et  al.,  2001;  Naticmal  Research  Council, 
1989:  Rubatzky,  V.E.  &  Yamagucfai,  M.,  1997; 
van  den  l^Tgh,  M.H.,  1993. 

Other  references  Cucurbit  Network.  2003; 
Huxley,  A.,  1992a;  Jeffrey,  C,  1980; 
Keraudren,  M.,  1967. 

Aufliors  C.H.  Bosch 


Cynanchumschistoglossum  Schltr. 

Protologue  Journ.  Bot,  33:  271  (1895). 
Family  Ascle^iiiKliucac  (APfc  .\pocynaceae) 
Synonyms  Cyiianchuiit  breiidena  N.E.Br. 
(1895),  Cynanehum  vagum  N.E.Br.  (1895), 
CyiK III  chum  deivevrd  De  Wild.  &  T.Durand 
(1900). 

Origin  and  geographic  distributiou  Cynan- 

chiiin  .tcliistnglo.H.viiu  is  distributed  in  southern 
Africa  from  Kcny.i  Hurundi  and  DR  Congo 
south  to  .Angola  and  South  Africa. 

Uses  In  Malawi  the  leaves  of  Cyiumehum 
aehialoglossuin  are  eaten  raw  or  cooked  as  a 
side-dish  vegetable,  usually  with  salt  added. 
The  product  is  well  liked  and  commonly  used 
in  the  rainy  season. 

Properties  No  information  is  available  on 
the  phytochemistr^'  of  Cynaiichuin  achialogloa- 
sum.  C]!ynandiotoxin  or  vinoetoxin  are  some- 
times present  in  the  leaves  and  roots  of  other 
Cynaiichuin  species  (e.g.  in  Cynanehum  (rfri- 
centum  (L.)  Hoffsgg.  and  Cynanehum  elliptieum 
(Harvey)  R.A.Dyer),  causing  eynanchosis 
fkrampsiekte)  m  livestock  in  .South  Africa 

Botany  Perennial  herb  up  to  3  m  tall,  with 
woody    rhitEome;    stem    twining,  stroni^y 

hr.mrhed,  contnininp  latex.  l,<rives  opposite, 
simple;  petiole  1—2.5  cm  long;  blade  ovate- 
laneeolate,  3.5-6  cm  x  1.6-3.6  cm,  base  usually 
cordate,  apex  acute  to  acuminate,  margin  en- 
tire sparsely  covered  with  erect  trichomes. 
Inflorescence  a  helicoid  cyme,  5-20-flowered. 
Flowers  bisexual,  regular,  5-merou8,  musky 
scented;  pedicel  3-8  mm  long:  calyx  with  trian- 
gular lobes,  c.  1  mm  x  u.5  mm;  corolla  cup- 
shaped,  1-3.6  mm  long,  white  to  yellow-green, 
lobes  lanceolate,  in(  ur\  i  ]  corona  cup-shaped, 
r.  ]  r>  mm  long,  white  dentate  at  npex:  stamens 
with  verj'  short  free  fUaments,  anthers  winged 
and  with  connective  appendage;  ovary  supe- 
rior, slylar  head  depressed  conical.  FruH  con- 
sisting of  a  pau-  of  fusiform,  brown,  glabrous 
foUides,  eadi  one  5-6.5  cm  x  5-6  mm.  Seeds 
ovoid,  c.  6  mm  x  4  mm,  pale  brown,  at  apex 
bearing  a  eoma  of  hairs  2-2  5  em  long. 
The  genus  Cynwicluiin  comprises  about  250 
species  worldwide.  The  major  centre  of  diver- 
sity in  .\fric.n  is  Mndngnscar  with  npproxi- 
matelj'  70  species,  minor  centres  of  diversity 
are  eastern  Africa,  the  Horn  of  Africa  and 
southern  Africa  with  10-15  species  eacb.  Cy- 
nanchinv  srhislnghssiim  is  the  most  variable 
Cynanehum  species  on  the  African  mainland. 
Corona  dentati<m  and  degree  of  fusion  differ 
considerably  among  pcqpulations.  The  very 
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small  flowers  arc  characteristic  for  the  species. 

Ecology  Cynatichum  schistofflossum  grows 
in  forest  margins,  thickets  and  grasslands, 
often  near  water,  but  also  alont,'  roadsides  and 
in  disturbed  localities,  from  sea-level  up  to 
1800  m  altitude.  It  is  found  flowering  year- 
round  with  a  peak  hetwccn  Ajird  and  (  )ctober. 

Genetic  resources  and.  breeding  In  south- 
em  Africa  Cyiianehum  aehiatogloasum  ooeun 
locally,  but  is  not  rare  or  endangered. 

Prospects  The  nutritive  value  of  Cyuan- 
chum  9chislogh$aum  leaves  and  possibilities 
for  its  cultivation  need  more  investigatiaa. 

Major  references  Liede,  S.,  1993;  Liede,  S., 
1996;  Williamson,  J..  1955. 

Other  references  Watt,  J.M.  &  Br^er- 
Brandwijk.  M.G,.  1962. 

Authors  P.C.M.  Janaen 


CYPHOSTEMMA  .vDRNor AUT.E  (Steud.  ex 
A.Rich.)  Wild  &  K.B.Drumm. 

Proiologue  Fl.  Zamb.  2(2):  473  (1966). 

Family  \'itaceae 

Synonyms  Ciaaua  adeaocauiin  Steud.  e\ 
A.Rich.  (1847). 

Vernacular  names  MwCTgele  (Sw) 
Origin  and  geographic  distribution  Cy- 
phoatemma  adenoeattle  is  widespread  in  tropi- 
cal .Africa  from  Senegal  east  to  Rritrea  and 
south  to  .Angola  Malawi  and  Mozambique. 

Uses  The  leaves  and  fruits  of  Cyphosteiiiiiui 
adenoeaule  are  oommanly  eaten  as  a  vegetable 
or  in  soup  in  Ghana.  DR  Congo.  Kenya  and 
Uganda.  In  Uganda  the  leaves  are  boiled  with 
beans,  pigeon  peas,  cowpeas,  groundnut  or 
sesame.  Both  fruits  and  leaves  have  an  acid, 
slightly  acrid  taste.  The  fruit  is  eaten  raw  in 
Cote  divoire  and  Tanzania.  The  boiled  roots 
are  eaten  in  Etiiiopia,  and  in  Uganda  alioed, 
dried  and  pounded  roots  are  stored  for  famine 
periods. 

There  are  many  medicinal  uses  recorded  for 

C^hoatemu  :  ^  .■nirauh'.  Leaf  sap  is  used  to 
cure  ophthalmia  ( 'ongo  and  Tanzania)  and 
it  IS  applied  to  cuts  (Tanzania).  Leaves  are 
chewed  to  remedy  a  sore  throat  (Tanzania), 

and  mricfM-.ifcil  Itvivo.*  are  mixed  with  hnney  as 
a  cough  treatment  (Tanzania).  Leaves  heated 
over  a  fire  are  applied  as  a  compress  to  reduce 
swellings  (East  Africa).  Leaves  are  applied  to 
the  chest  to  cure  pneumonia  (Ea.st  Africa)  and 
an  miusion  of  the  leaves  is  taken  as  a  purga- 
tive and  to  treat  swollen  abdomen.  Macerated 
roota  are  taken  against  tapeworm  (DR  Congo). 


The  root  has  been  u.sed  to  treat  malaria.  A 
paste  made  of  the  roots  is  applied  topically  to 
draw  abscesses  and  reduce  swellings  in  north- 
ern Ghana,  Galion  and  Kast  Africa,  Water  in 
which  roots  have  been  boiled  is  di-unk  to  treat 
syphilis,  abdominal  pain  (related  to  pregnancy 
or  not)  and  to  prevent  abortion.  IJoot  and  leaf 
are  prescribed  against  diarrhoea  with  blood. 
Field  tests  were  carried  out  in  Uganda  with 
Cyphontcinma  adatoemile  as  a  trap  crop  for 
TnylnrilyQiis  l  o.f.sc/c/v",  an  insect  pest  of  cotton. 
When  treated  with  insecticide  to  prevent  the 
development  of  large  populations  of  the  pest, 
Cyphoatemma  (tdenoctaile  gave  consideiahle 
protection  to  the  cotton  crop.  Leaves  crushed  m 
water  are  used  as  an  insecticide  against 
chicken  lice.  In  Kenya  cattle  like  to  browse  it 
and  people  cut  the  stems  to  ol)tain  drinking 
water.  In  Tanzania  a  fibre  is  obtumed  from  the 
bark  and  string  is  made  out  of  it.  Dried  stems 
are  used  for  hut  building  in  Uganda. 

Properties  The  root  is  said  to  contain  tan- 
nin. Leaves  and  fruits  contain  oxalic  add  that 
is  responsible  for  the  acrid  taste.  No  details  are 
nv;ul;iltle  OH  the  chemical  composition  of  Cv- 
pliuslenuna  adenoeaule.  Several  other  Cy- 
phoatemma  used  in  traditional  medi- 

cine in  Sniilh  Africa  have  been  invesi igated, 
reveaUng  the  presence  of  compounds  with  anti- 
inflammatory, antimicrobial  and  antitumour 
activities. 

Botany  Perennial  herb  chmbing  or  scram- 
bling with  leaf-opposed,  branched  tendrils; 
roots  tuberous;  stem  slender,  up  to  3(-6)  m 
long.  Leaves  alternate,  |ie<lately  5-7(-ll)- 
foliolate;  stipules  ovate  to  oblong-ovate,  up  tu 
6-10  mm  long,  often  red,  persistent;  petiole  1— 
r).5(-9.5)  cm  long;  leaflets  elliptical,  ovate  or 
broadlj'  ovate,  up  to  11, .t  cm  ^  7.^  cm,  base 
cuneate  to  cordate,  apex  acumuiate  or  acute. 
Infloresoenoe  an  irregular,  lax,  omymbose  cyme 

2-1  ■")  cm  long.  Flowers  hise\ual,  1-merous;  ca- 
Ij'x  entire;  petals  narrowlj'  oblong-triangular, 
up  to  4  mm  long.  Fruit  a  fleshy  berry  up  to  11 
mm  X  7  mm,  usually  deflexed.  red  to  purplish 
Idark  2-  l-seeded.  Seeds  ellipsoid  to  ovoid,  very 
slightly  reniform,  up  to  8  mm  long. 
Tlie  genus  CypkoiAemma  is  closely  related  to 

Ci.HsiiFt  .am!  enmpri-^es  .about  250  species,  almost 
all  of  them  restricted  to  sub-Saharan  .Africa 
and  Madagascar.  Many  Cyphoatemma  species 
Ml*'  usi-d  in  traditional  medicine.  Cyphosteiinna 
adfiuK-aulo  is  ven-  varialilc  especinllj^  in  the 
density  of  the  indumentum.  Sterile  plants 
closely  roB^ble  Cayratia  graeUia  (Guill.  8t 
Perr.)  Suess.,  hut  the  stipules  are  caducous  in 
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the  latter. 

Ecology  Cyphostemma  adenocaule  is  wide* 
spread  in  savanna  and  is  found  in  gaUeiy  for- 
ests and  f';)lln\\  Liinl  .-is  wi'll 

Management  Although  it  has  been  reported 
that  Cyphostemma  adenoeatUe  is  cultivated  in 
Ethiopia,  leaves  and  roots  are  normally  col- 
lected from  the  wild.  In  Uganda  leaves  are  col- 
lected during  the  rainy  season.  Dr^'  roots  can 
be  st  ored  for  1—2  months. 

Genetic  resources  and  breeding  Pxcausn 
it  is  widespread  and  in  many  regions  common 
Cyphostemma  adenocaule  does  not  seem  to  be 
threatcnt'd  l)y  iionetic  erosion. 

Prospeotfl  In  view  of  the  use  as  a  vegetable 
and  the  wide  range  of  medicinal  uses,  research 
into  the  ph\'tocheinistry  and  cultivation  tech- 

nolotjy  is  di'su  ahli' 

Major  references  Burlvill,  II.M.,  2000; 
Katende,  A.B.,  Ssegawa,  P.  &  Bimie,  A.,  1999; 
Kokwaro  JO,  1993;  Stride,  CO.,  1969;  Verd- 
court,  B..  1993. 

Other  references  Lin,  J.  et  al.,  1999; 
Opoku  A  K  .  t  al  .  2000;  VoUesen.  K..  1989b: 
Watt.  .1 M  &  Hi.  \..r-Brandwiik,  M.G..  1962; 
Zemede  Astaw  &.  iMesfm  Tadesse,  2001. 

Authors  C.H.  Bosch 

Daucus  carota  L. 

Protologue  Sp.  pi  1:  2  12  (]7ri.'?). 

Family  Apiaceae  (L'mbelliierae) 

Chromosome  nmnber  2n  =  18 

Vernacular  names  Tarmt  (EiU).  Carotte 
(Fr).  Cenoura  (Po).  Karoti  (Sw). 

Origin  and  geographic  dislzlbutioii  It  is 
generally  assumed  that  the  eastern,  purple- 
rooto<l  cairot  oricinatod  in  .Afffhnnistnn  in  tho 
region  where  the  Himaiaj  an  and  Hindu  Ivush 
mountains  meet,  And  that  it  was  domesticated 
in  Afghanistan  and  ndjnfont  rogions  of  Russia 
Iran,  India,  Pakistan  and  Anatolia.  Purple 
carrot,  together  with  a  jrellow  variant,  spread 
to  the  Mtditi  rranean  region  and  western 
Europe  in  thi'  1  1-1  1'''  centuries,  and  to  China, 
India  and  Japan  in  the  14-17'''  centuries. 
The  western,  orange  carrot  probably  arose  in 
Europe  or  in  thr  wostrrn  Modiforranean  ropion 
thi  iiugh  gradual  selection  within  yellow  carrot 
l>(>l  >ulations.  The  Dutch  landraces  Long  Orange 
and  the  finer  Horn  types,  first  described  in 
1721,  wore  nn  important  ba.sis  for  tbo  wostorn 
carrot  cultivars  grown  at  present  all  over  the 
world.  'Fb.ey  have  now  largely  replaced  the 
eastern  types  because  of  superior  taste  and 


Daueus  earota  -  platUed 

nutritional  value,  and  can  also  be  found 

throughout  .Xfrii  a 

Uses  The  swollen  taproot  o{  Daucus  carota  is 
an  important  market  vegetable,  also  in  tropical 
areas.  The  roots  are  consumed  raw  or  cooked, 
alone  or  in  combination  with  other  vegetables, 
as  an  ingredient  of  soups,  dishes  (e.g.  cous- 
cous), sauces,  juices  and  in  dietary  composi- 
tions. I.arpr  coarse  roots  are  also  usp<l  as  fod- 
der. Young  leaves  are  sometimes  eaten  raw  or 
used  as  fodder.  In  Ethiopia  firuits  are  used 
against  tapeworm.  Essential  oil  extracted  from 
the  seed  is  used  for  flavourinp.  Carotene  is 
extracted  from  the  root  and  used  to  colour 
margarines  and  is  added  to  hen  feed  to  modify 
egg-y<ilk  cnloui- 

Plroduction  and  iuternatioual  trade  World 
carrot  production  increased  from  13  million  t  in 
1992  to  21  million  t  in  2002.  Total  area  under 
carrot  cultivation  in  2002  was  about  9!)0  (lOf) 
ha,  with  China  370,000  ha,  Commonwi-alth  of 
Independent  States  (including  the  Russian 
Frdoration)  171,000  bn  Europonn  I'nion 
76,000  ha,  eastern  Euixipe  and  the  Balkan 
58,000  ha,  the  Americas  104,000  ha  and  Africa 
80,000  ha  (indudmg  North  Africa  38,000  ha). 
Carrots  are  widely  grown  during  the  dry  sea- 
son in  the  (semi-)arid  zones  of  West  and  Cen- 
tral Africa  and  in  the  highlands  of  East  and 
SOUthcTTi  Africa.  The  oatinialrd  arm  in  Niporia 
is  27,000  ha,  in  Kenya  5000  ha;  statistics  are 
not  available  for  other  countries.  OocasionaUy, 
carrots  nn|><irti'd  from  Europe  (Bdgium)  are 
found  in  city  markets  in  West  Africa,  e.g.  in 
Abidjan  (Cote  d  Ivoire). 

Properties  Carrots  (orange,  young,  raw, 
ends  trimmed,  edible  part  87%)  contain  per  100 
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g  edible  portion:  water  88.8  g,  cncrgj'  126  kJ 
(30  kcal),  protein  0.7  g,  fat  0.5  g,  carbohj'drate 
6.0  g,  dietary  fibre  2.4  g,  Ca  34  mg,  Ik^  9  mg,  P 
2r»  mg.  Fe  0.  I  mt:.  Zn  0.2  mt»,  caroteno  mg, 
thiamm  O.O  l  mg,  nboflavm  0.02  mg,  niacin  0.2 
mg,  folate  28  |ig,  asoorbic  add  4  mg  (Holland, 
B.,  Unwin,  I.D,  &  Buss.  D.H,.  1991).  Orange 
carrot  is  a  rich  source  of  carotenoids  (pro- 
vitamin A). 

The  colour  of  eastern  purjjle  carrots  is  caused 
by  the  nnthoryanins  in  the  root;  in  I  he  western 
orange  carrot  the  anthocj'anms  are  replaced  by 
carotene  and  carotenoida.  Some  Japanese  cul- 
tivars  with  red  flesh  are  rich  in  Ijrct^ene.  Sug- 
ars, eaters,  tetpenoids  and  other  volatile  com- 
pounds influence  the  flavour  of  raw  carrots. 
Carrots  grown  under  cool  conditions  are  gener- 
alty  sweeter  than  those  grown  under  hit;h  tem- 
peratures. An  astringent  taste  of  carrots  is 
caused  by  a  high  terpolene  content  in  combina- 
tion with  n  low  percent  npe  of  sugars.  The  bitter 
taste  of  carrots  after  long  storage  is  caused  by 
the  conversion  of  phenols  into  isocoumarins 
(mainly  6-methoxyni<  IK  m)  under  the  influence 
of  exogenous  ethylene.  These  compounds  are 
often  a  reason  for  consumer  rejection  of  carrot 
products  and  a  major  problem  for  vegetable 

processors.  The  seed  contains  an  essential  oil 
with  notes  comparable  to  the  root.  The  main 
components  of  the  oil  are  the  sesquiterpene 
alcohol  carotol,  daucol  and  the  sesquiterpene  P- 

bisabolene. 

Description  Annual  or  biennial  erect  heit* 
up  to  50  cm  tall  at  the  mature  vegetative  stage 

and  U])  t<i  I'O  cm  tall  when  flowering:  tapmot 
fle»h,\ .  straight,  conical  to  cyimdrical,  u— 50  cm 
lung  and  2-6  cm  in  diameter  at  top,  orange 
(most  common),  reddish  violet  yellow  or  white. 
Leaves  in  a  rosette  at  base  of  plant,  but  alter- 
nating on  flowermg  stems,  2-3-pinnate;  stip- 
ules absent;  petiole  long,  sheared  at  base, 

petiole  and  rachis  |iilnse:  segments  divided  into 
oblong  to  lanceolate  or  linear  ultimate  lobes. 
Inflorescence  a  terminal,  compound  umbel  with 
numerous  unequal  niv  s  strongly  contracted  in 
fruit:  involucral  brads  7-13,  pinnatipartite  or 
pinnalisect,  with  linear  lobes.  Flowers  mainly 
bisexual,  but  male  flowers  present  in  addition 
to  bisexual  flowers,  often  1-few  dark  purple 
sterile  flowers  present  in  the  centre  of  umbel,  c. 
2  mm  in  diameter,  5»merous;  pedicel  0.5—1.5 
cm  long;  calyx  with  small  teeth  or  absent:  pet- 
als five,  white  or  pinkish  often  enlarged  in 
exterior  flowei-s  of  umbel;  stamens  free;  ovarj' 
inferior,  bristly  hairy,  2-oelled,  styles  2.  Fruit 
an  obkmg-ovoid  sdiissocarp  2r-i  mm  long,  at 


Daiicus  earoto  -  1,  habU  of  cultivated  phtU;  2, 
pari  nfleaf;  3,  inflorescence;  4,  infmctescence;  5, 

fruU. 

Redrawn  and  adapted  by  Aekmad  Satin  ATur- 
haman 

maturity  splitting  into  two  1 -seeded  mericaips, 
primary  ridges  ciliate,  secondary  ridges  with 

hooked  spines.  Seedling  with  epigeal  gernnna- 
tion;  taproot  long,  thin;  hypocotyl  0.5-1.5  cm 
long,  epieotyl  absent:  cotyledons  linear,  leafy; 
first  true  leaves  pinnate 

Other  botanical  information  Dniiriis  com- 
prises about  20  species  occurring  mauily  m  the 
Mediterranean  region.  Wild  Daucus  earota  is 
widespread  in  Europe  and  western  .\sia,  and 
occurs  also  in  northern  Africa  (Morocco,  Alge- 
ria, Tunisia)  and  locally  in  tropical  Africa  (Eri- 
trea. Ethiopia),  at  higher  altitudes.  Elsewhere 
in  tropical  .\frica  it  is  occasionally  naturalized 
after  escape  from  cuUivation;  this  is  also  the 

case  in  other  parts  of  the  world,  e.g.  in  North 
\mi  ri(  a  where  it  is  now  locally  a  common  and 

noxious  weed. 

Daueua  caroia  is  a  complex,  very  variable  spe- 
cies. The  complex  has  been  subdivided  into  a 
dozen  .subspecies  1  of  these  for  cultivated  car- 
rot (subsp.  aativus  (Hoffm.)  Ai"c.).  However,  for 
cultivated  taxa  it  is  better  to  classify  into  culti- 
var  groups  directly  below  the  species  level. 


282  VEGETABLES 


Thci-c  are  two  mam  grouiis  of  l  ultivated  carrot, 
based  on  root  and  leaf  morphnlogy: 

—  The  eastern  (anthocj'anin)  caivot:  nxit  branched 
yellow  reddish-purple  to  purple-Mack,  rarely 
yellowish-orange;  leaves  shghtly  dissected, 
gr^iah-green,  pubescent;  flowering  in  the  fiist 
year. 

—  "Hie  western  (carotene)  cairot:  root  unbranched, 
yellow,  orange  or  red,  occasionally  white;  leaves 
strongly  diHWH-trd,  bright  greeil,  Sparselj'  hairj'; 
nnrninlly  biennial,  but  often  annual  in  tropical 

regions. 

At  present  the  western  carrot  is  by  far  the  most 

important,  although  the  eastern  ctirmt  is  still 
cultivated  in  some  Aaian  countries.  Three  main 
groups  of  western  (carotene)  carrot  cultivars 
arose  by  selection  in  the  19<»>  and  early  20*'» 
centuries  in  Europe  and  the  United  States: 

—  Early  Short:  3-8  cm  long  globular-shaped 
roots,  fine  foliage;  cultivars  include  'Grelof , 

Frrnrb  Forcing'    Pnrisinn  Mnrkot  . 

—  Early  Half-Long;  10-20  cm  long  cylindrical 
to  conical  roots,  fine  to  medium  foliage;  culti- 
vars include  Amsterdam  Forcing',  'Nantes', 
Vertou'.  Touehon'.  Sitan'. 

—  Late  Ilalf-Long:  12—25  cm  long  conical  and 
diouldered,  stump  or  pointed  roots,  medium 

In  large  foliage  [u-fwlurt ive;  rultivar  lyp<'S  in- 
clude Chanlenay  (short),  Royal  Chantenay' 
(long),  'Danver*,  'Autumn  King',  Berlicum'  and 
Imperafor'.  Kuroda',  davel(^d  around  1950, 
also  belongs  to  this  gmup:  it  combines  an  or- 
ange internal  colour  with  heat  tolerance. 
In  all  groups  many  open-pollinated  and  Fi- 
hybrid  cultivars  have  been  developed  mostly 
by  private  seed  companies  m  Europe,  ihe 
United  States  and  Japan.  The  majority  of  car- 
rot cultivars  are  bred  for  temperate  climates. 
Wlicn  grown  under  hot  conditions,  those  are 
less  productive,  often  more  affected  by  diseases 
and  have  poorer  internal  colour  than  cultivars 

developed  especially  for  warm  climates,  e.g. 
Kuroda ,  Brasilia',  Tropical  Nantes'  and  some 
local  selections  in  Africa  and  Asia.  Popular 
cultivars  in  Africa  are  Xantes  .  Chantenay' 
and  'Kuroda".  In  the  Kenyan  highlands  culti- 
vars producing  baby  carrots  (e.g.  Minicor ,  Or- 
ange Finger'  and  'Sucrum*)  are  produced  for 
the  export  market. 

Cultivated  carrot  crosses  readil>'  with  wild 
carrot,  whidi  occurs  naturally  in  Europe,  west- 
em  Asia  and  northern  Afiica,  and  which  is 
naturnlized  in  other  regions,  e.g.  North  .\mer- 
ica.  Wild  carrot  has  to  be  rigorously  removed 
from  seed  producti<m  fields  to  prevent  white- 
rooted  and  prematurely  bolting  plants  in  a 


carrot  crop  (white  roots  and  annual  habit  are 
dominant  over  orange  roots  and  biennial 
habit).  Most  other  wild  Daucus  species  are 
crossalde  w  ith  i!i<  <  ulti\'afed  carrot 

Growth  and  development  Carrot  seed  will 
remain  viable  (70-80%  germination)  for  6—7 
years  when  stored  dr>'  (moisture  content  9%)  at 
temperatures  below  IS^C.  First  appearance  of 
seedlings  is  9-12  days  after  sowing.  The  first  4 
true  leaves  are  formed  at  4-5-day  intervals, 
starting  '^-1  weeks  after  sowing;  for  subse- 
quent leaves  the  mterval  increases  gradually  to 
15-18  days.  A  thin  taproot  grows  down  verti- 
cally' to  20-2o  cm.  and  30-10  days  after  uenni- 
nation  it  starts  swelling  and  gradually  turning 
orange  (in  carot^e  carrots)  from  the  hypocotyl 
p  il  l  :  the  stem  downwards.  About  80%  of  all 
cai  1» dratt-s  produced  in  the  plant  are  di- 
verted to  the  root  during  this  stage  of  deveiop- 
m^t. 

The  roots  are  mature  fiO-lL'O  days  .after  sow  ing 
according  to  the  type  of  cultivar  and  growing 
conditions.  The  generative  phase  is  induced  by 
low  temperatures.  Carrot  plants  become  sensi- 
tive to  vernalization  after  the  formation  of  at 
least  8  leaves.  The  boltmg-resistant  cultivars  of 
higher  latitudes  require  5-12  weeks  at  2-6'C 

to  induce  bolting.  Local  cultivars  grown  in  the 
tropics  show  bolting  when  the  night  tempera- 
tures drop  below  16'C.  When  flower  induction 
has  taken  place  the  generative  phase  is  accel- 
erated by  long  days.  First  a  new  rosette  of 
leaves  is  formed  followed  by  elongation  of  the 
flowering  staUc  and  first  flowering  3  months 
later.  Flowering  may  last  for  (me  m<Mith<  start- 
ing with  the  pnmairy-  umbel. 
Carrot  is  predominantly  outbreeding  due  to 
protandry.  Insecrts  such  as  bees  and  flies,  at- 
tracted by  abundant  nectar  effect  cross- 
pollinatioii.  The  stigma  becomes  receptive  2-3 
days  after  poUen  dehiscence.  Petals  drop  soon 
after  fertilization  and  the  fruits  are  mature  40- 
50  days  later. 

Eicology  Sup|>(>sedly  wild  (or  naturalized) 
Daueus  carota  plants  occur  in  Eritrea  and 
Ethio(iia  at  1800-2100  m  altitude 
In  their  adaptation  to  the  northern  latitudes  of 
EJurope,  carrots  became  biennial.  Long  days 

during  the  vegetative  phase  before  vernaliza- 
tion do  not  cause  bolting.  They  require  vernali- 
zation at  low  temperatures  to  induce  flowering. 
Carrots  adiqited  to  tropical  and  subtropical 
latitudes  respond  to  long  days  by  bolting  even 
before  the  reots  have  properly  thickened. 
Carrots  are  mostfy  cultivated  as  a  cool  season 
CK^.  Hi|^  soil  temperatures,  in  access  of  26*C, 
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induce  slow  growth  rates,  fibrous  roots  and  low 
carotene  content.  For  economic  yields,  carrots 
should  be  grown  in  tropical  regions  at  altitudes 
above  1200  m  or  during  the  cool  winter  months 
in  the  subtropics.  Early-maturmg  carrot  culti- 
vars  may  grow  in  the  lowlands,  but  yields  will 
he  low  iind  roots  will  have  a  poor  colour.  Opti- 
mum air  temperatures  are  16-24*C.  Soils 
should  be  well  drained,  fertile  and  of  a  sandy 
t(>xfure.  Heavy  elay  soils  may  induce  mal- 
formed and  twisted  roots  and  harvesting  will 
be  difficult.  Optimum  pH  is  6.0-6.5.  A  regular 
supply  of  water  is  essential  to  obtain  smooth 
and  even  roots  l-''lowering  and  serd  set  ore 
successful  only  m  fairly  dry  climates  with 
mean  daily  temperatures  below  20*C 

Propagation  and  planting  Seed  multipli- 
cation .it  high  latitudes  with  eold  winters  is 
based  un  stored  and  vernali^ced  mature  ur 
young  roots  (stecklings)  replanted  in  the  field 
in  sprinp  (the  root -seed  method).  In  areas  with 
mild  winters  and  early  snow  cover,  seeds  are 
sown  in  late  summer  and  the  plants  are  left  to 
overwinter  in  the  field  Tliese  will  bolt  in 
spring  and  the  seed-seed  cyriv  is  oiin|ilcted  in 
12—13  months.  Carrot  cultivars  adapted  to 
tropical  regions  have  low  vernalization  re- 
quirements and  can  lie  propaij.iled  in  high- 
lands above  12UU  m  or  durmg  the  cuol  period  in 
arid  and  semi-arid  regions.  Carrot  growers  in 
such  regions  may  maintain  their  cultivars  by 
selecting  the  best  mature  roots  and  replanting 
them  m  a  part  of  the  field.  Boltmg  and  seed  set 
soon  follow. 

The  1000-seed  weight  is  0.6-2.2  g.  Seeds  are 
sown,  often  mixed  with  sand.  1  cm  deep  in 
closely  -sp.]c«d  drills  on  finely  prepared  beds  of 
soil  (uliivatcHl  to  a  dqpth  of  at  least  30  cm. 
Plant  densities  range  from  100  per  for 
large-rooted  processuig  carrots,  1 75  per  m*  for 
most  fresh-mazket  ^rpes  to  250  per  m<  for 
small-rooted  baby  carrots  (AS  kg  seed  per  ha). 
Lower  densities  of  10-50  plants  per  m-  are 
applied  in  seed  production  fields.  For  hybrid 
seed  production  8  rows  of  a  female  parent  in- 
bred Ime  are  nltern.ited  with  2  rows  of  a  male 
one.  Seed  yields  are  increased  significantly  by 
placing  beehives  near  the  field  during  flower- 
ing. Tn-vitro  propagation  ofcaiidts  is  cnsy  and 
altiiough  researchers  have  experimented  with 
'artificial  seed'  in  gel  coating,  this  is  too  costly 
for  practical  application, 

Management  Crop  rotation  is  essential  to 
reduce  soilbome  diseases  and  pests.  Aiulchmg 
afi:er  sowing  is  recommended  to  encourage 
germination.  Seedlings  may  be  earthed-up 


when  roots  start  swelling  to  keep  them  cool 
and  prevent  green  tups.  In  hot  weather,  light 
overhead  shade  is  b«ieficial.  Irrigation  during 
dry  s|>el]s  is  necessary  to  prevent  irregular  root 

development. 

He  nutrient  removal  of  a  crop  of  20  t  of  fi!«sh 

carrots  is  N  85  kg.  P  20  kg,  K  110  kg  Cn  60  kg 
and  Mg  15  kg.  Optimum  fertilizer  application 
will  depend  on  soil  nutrient  reserves  and  ex- 
pected yield  level,  bul  il  is  clear  thai  carrots 
riMiuire  relatively  high  doses  of  K  fertilizer. 
Application  of  N  75-150  kg/ha,  V  50-100  kg/ha 
and  K  50-200  kg/ha  is  usually  adequate.  High 
N  applications  tend  to  cause  excessive  growth 
of  foUage.  Carrots  are  sensitive  to  high  Cl  oon- 
omtrations  and  more  susceptible  to  diseases  at 
low  soil  pH.  Liming  or  the  use  of  i 'a-containing 
fertilizers  is  recommended  when  pll  is  below 
5.5.  Well-decomposed  organic  manures  are 
beneficial  when  applied  with  moderation  (10- 
20  t/ha).  Fresh  organic  matter,  e  g,  from  a  le- 
guminous crop,  can  be  detrimental  to  the  car- 
rot crop. 

Diseases  and  pests  The  major  diseases  in 
tropical  carrot  production  are  leaf  blights  (.4/- 
lernariu  dauci  and  Cercospora  carotae)  and 
root-knot  nematodes  (Meloidogyne  futpta  and 
other  MeJoirinffyiir  s[)j).)  Kurorla'  has  strong 
iohage  with  a  remarkable  field  tolerance  to 
AUemaria  leaf  blight,  which  may  completely 
destroy  the  foliage  of  cultivars  introducvd  from 
Europe  f'rop  loss  by  root -knot  nematodes  may 
be  kept  under  contixil  by  crop  rotation,  e.g.  with 
cereals  and  by  the  application  of  organic  ma- 

nui  c  Xcmatode  infested  soils  can  be  treated  by 
sularizatiun,  or  with  soil  fumigants,  although 
this  is  expensive  and  hazardous. 
Other  disea.ses  are  jxiwdery  mildcnv  (Erysiphe 
pnfyfioiii  and  Krysiphe  herariri),  bacterial 
blight  {Xanliioiiwnas  campeairis  pv.  carotae), 
blade  qiot  on  roots  {AUetnmia  radieinay,  and 

purple  root  rot  (ffrlicnhnstfliii ni  hrrhisoHi^. 
Various  root  rots  occur  before  or  during  stor- 
age, often  after  mechanical  damage  or  as  seo- 
ondarj'  pathogens  (Bohylis  ciiieiva.  Fusaiiuin 
spp..  Sclerotiiiid  sclciotiortt iii .  Pytliiiiiii  l  iolae 
and  related  spp.,  Eniinia  camtoiora).  lioot 
diseases  are  more  severe  in  heavy  soils  with  a 
poor  structure.  .\  total  of  \  \  virus  diseases 
have  been  identified  in  carrots,  the  most  im- 
portant being  carrot  red  leaf  virus  (CaRLV). 
(  ^arrot  can  be  afEected  by  aster  yellows,  a  phy- 
toplasina. 

The  most  noxious  pest  of  carrot  in  temperate 
areas  is  carrot  root  fly  {Piila  roaae)  to  which 
some  degree  of  resistance  has  been  found  in 
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'Sitan  and  in  the  wild  species  Daucus  capilli- 
folius  Gilli  from  Libya.  The  lygus  bug  (Lygus 
hespems  and  Lygits  elisiis)  on  seed  cn^, 
njihids  (e.g.  Cm  ariclld  (lefyopodif)  ns  x'cctors  of 
virus  diseases,  the  leafhopper  Maci-osteles  fas- 
eifrotts  as  vector  of  aster  yellows,  carrot  weevil 
(Lislionotiis  oregoiwnsis)  and  other  fohage 
pests  have  all  been  reported  in  carrot,  but 
probably  the  only  pest  which  may  cause  serious 
crop  losses  in  Afirica  is  army  worm  (Spodoptera 
spp). 

Harvesting  Carrot  is  mostly  harvested 
manually  by  pulling  up  the  roots  at  the  leaves. 

This  n'quiros  slmnt,'  and  healthy  foliage.  Me- 
chanical harvesting  (in  Europe,  United  States) 
is  also  based  on  pulling  up  by  the  foliage,  or 
first  topping  the  leaves  and  then  lifting  the 
carrots  as  in  potato  harvesting.  In  Africa  car- 
rots are  usually  ready  for  harvesting  60-85 
days  after  sowing.  Mature  roots  should  be  or- 
nngo-coiourod  intornnlly  down  to  (hr  tihmi  tip 
In  seed  production  fields  the  pnmar>'  umbels 
are  sometimes  harvested  prior  to  the  main  seed 
crop,  as  these  ripen  eaitier  and  produce  the 

largest  seeds 

Yield  World  average  yield  in  2002  was  21 
t/ha  of  fresh  carrot  roots.  In  tropical  Africa 
yields  vary  from  8-12  t/hn;  higher  shields  are 
obtained  in  East  Africa  above  1500  m  altitude. 
In  Europe  and  the  United  States  30-120  t/ha 
can  be  harvested,  depending  on  the  iyi.<'  <S 
rultivnr  and  management  Marki  f ahlt-  yii  ld  is 
also  much  mfluenced  by  plant  density  and  time 
of  harvest.  Root  weight  and  uniformity  are 
closely  related  to  seed  size  and  quality. 
Seed  yields  are  800-2000  kg/ha  for  open- 
pollinated  and  700-1200  kg^a  for  Fi-hybrid 

cull  ivars 

Handling  after  harvest  (^arrofs  bunched 
with  leaves  will  store  up  to  3  weeks  in  a  cool 
place,  but  can  remain  in  good  condition  for 
lf)0-1,"0  days  when  topped  (foliage  removed) 
and  stored  at  1-4''C  with  95-100%  relative 
humidity.  Carrots  should  be  stored  separate^ 
finim  other  vegetables  to  prevent  developmoit 
of  a  hitter  flavour  induced  by  ethylene.  Gener- 
ally carrots  store  better  when  the  dry  matter 
content  is  high,  when  they  are  grown  on  soils 
with  low  organic  matter  content,  when  they  are 
mature  and  harvested  under  moist  conditions, 
undamaged  and  free  of  diseases  and  pests. 
Carrots  may  be  graded  according  to  weight 
classes:  A  (<  50  g).  B  (.50-200  g)  C  (200-100  g) 
400  g).  Cari-ots  for  the  export  market  are  care- 
fully washed  after  removal  of  damaged  roots, 
graded  into  different  sizes  according  to  the 


market  requirement  and  packaged  in  perfo- 
rated polythene  bags.  Small-scale  farmers  in 
Africa  simply  pack  topped  ca!rt)t  roots  in  sacks 
fi>r  t ranspnii ation  to  the  local  markets  This 
may  cause  considerable  post -harvest  losses. 

G-enetie  resonrees  The  genetic  basis  of 
modern  orange  carrot  cultivars  is  rather  nar- 
row, considering  that  they  are  mostl3'  derived 
from  a  few  Ifttk-eentury  Dutch  cultivars.  Ex- 
ploitation of  the  genetic  variation  existing  in 
wild  Dnttrii.i  germplnsm  in  the  Mediterranean 
and  south-western  Asian  regions  started  only 
recently.  Germplasm  collections  of  Daucus  ca- 
rota  and  related  species,  totalling  some  5600 
accessions,  are  available  in  Europe  (United 
Ivingdom,  France,  Netherlands),  Russia, 
United  States  and  Japan. 

Breeding  Before  1960  breeding  methods 
were  based  on  mass  selection  in  open-polli- 
nated populations,  but  Fi-hybrids  with  greater 

uniformity  are  now  inrrf.isingly  replacing  the 
older  cultivars,  particularly'  in  Europe,  the 
United  States  and  Japan.  Seed  production  of 
Fi-hybrid  cultivars  is  based  on  cytoplasmic 
male  sterility  of  one  of  the  parent  inbred  lines. 
Two  types  are  used;  the  brown  anther  type,  in 
whidi  the  anthers  degenerate  before  anthesis, 

based  on  S-cylnplasm  and  at  least  two  r(M-<^s- 
sive  genes  w  ith  complementary  action,  and  the 
petaloid  type,  in  whidb  the  anthars  are  re- 
placed  by  5  additional  petals,  based  on  S- 
cytoplasm  and  al  least  two  dominant  cenes 
with  complementary  action.  The  development 
and  maintenance  of  inbred  lines  is  complicated 
by  severe  loss  of  plant  vigour  after  a  few  gen- 
erations of  inbreeding. 

Main  breeding  objectives  are  improvements  in 

total  yield  of  fresh  roots  but  also  sent!  (I'l- 
hybrids  in  particular),  growth  rate  and  carli- 
ness,  uniformity  of  root  size  and  shape,  lightly 
shouldered  tops  without  greening,  small  core 
and  nn  internal  greening,  dark  orange  external 
and  internal  colour,  smooth  skin  and  absence 
of  large  laterals,  resistance  to  cracking  and 
breaking  of  the  root  during  harvesting  and 
post-harvest  handlintr.  taste,  flavour,  texture, 
carotene  content,  strong  foliage,  non-bollmg, 
resistance  to  diseases  and  pests  and  heat  toler- 
ance for  warm  climates.  The  most  popular  cul- 
tivars are  somewhat  conical,  as  these  break 
less  easily  during  harvesting. 

ProqfMOts  Carrot  will  !<>  ,>['  iiu  reasing  im- 
portance in  tropical  Africa.  It  is  a  valuable 
vegetable  to  be  promoted  in  areas  with  vitamin 
A  deficienqr  in  human  nutrition  (where  no  red 
palm  oil  is  used  as  kitchen  oil).  Adaptation  to 
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lowland  tropical  climates  will  remnin  limited. 
Genetic  transformation  is  relativelj-  easily 
achieved  in  carrot  and  offers  interesting  oppor- 
tunities for  di'\ clrjiiing  cultivars  ri'sist;int  to 
important  diseases  and  pests,  which  are  dilt'i- 
cult  to  realize  by  conventional  breeding.  Trans- 
genic  carrot  plants  also  appear  to  be  capable  of 
producing  recombinant  proteins  used  for  me- 
dicinal purposes  in  large  quantities  and  at  low 
costs. 

Major  references  Banga,  (),,  \'.)C>'A;  Hoy- 
wood  \  H.,  1983;  Hoehn,  E.,  Schaerer,  H.  & 
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C.£.  &  Sunon,  P.VV.,  1986;  Quagliotti,  L.,  1967; 
Rubatzky,  V.E.,  Qulros,  CP,  &  Simon,  P.W., 
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DICTYOSPERMA  ALBUM  (Bory)  Scheff. 

Protologue  Ann.  Jard.  Bot.  Buitenzorg  1: 
167  (1876). 

Family  Arecaroao  (Palmae) 

Synonyms  Arrra  aJha  Roiy  (1801),  Dictyos- 
perma  aureuin  HAVendl.  &  Drude  (1878),  Die- 
tyoaperma  furfuraeeum  H.Wendl.  &  Drude 
(1«78). 

Vernacular  names  Hurricane  palm,  white 
baibel  palm,  yellow  baibel  palm,  princess  palm 
(En).  Pahniste  blanc,  palmiste  bon,  palmiste  de 
I'ile  Rondi'  i.Vv) 

Origin  and  geographic  distribution  Die- 
tyosperma  cdbum  is  endemic  to  Bunion  and 

M.-nii-il  ins. 

Uses  Diclyosperma  album  is  valued  for  its 
excellent  palm  heart.  It  is  widely  grown  as  an 
ornamental  in  the  tropiis  and  subtropics.  In 
Mnuntius  n  root  dorortion  is  used  as  a  diuretic. 

Botany  Slender  palm  up  to  20  m  tail,  with 
trunk  up  to  16  cm  in  diameter.  Leaves  10-20  in 
crown,  arranged  spirally,  pinnately  compound; 


.^heath  70-110  cm  long,  with  grey  tomcntum, 
petiole  15—15  cm  long,  rachis  2-2.5  m  long; 
leaflets  50-70  on  eadi  side  of  the  radiis,  me- 
dian leaflets  nO-T!")  cm  x  .3-5  cm.  Inflorescence 
up  to  1.1  m  long;  lowest  bract  0.1-1  m  long; 
peduncle  4-7  cm  long,  with  grey-brown  scaly 
hair.s:  branches  up  to  10  20-7.'  ciii  Iimt,'  hang- 
mg,  glabrous.  Flowers  unisexual,  3-merou8,  6— 
8  mm  long;  male  flowers  yellow  to  brown,  with 
6  stamens  and  rudimentary  pislil;  female  flow- 
ers with  superior,  ovoid.  1 -celled  ovniy  and  3 
minute  rudimentary  stamens.  Fruit  an  ovoid- 
ellipsoid  drupe  1.5—2  cm  x  1  cm,  very  dark 
purple  or  black  1 -seeded  Seed  ovoid-ellipsoid, 
c.  1  cm  long,  u-regularly  ribbed;  endosperm 
ruminate. 

i>u;l;)NMperina  comprises  a  single  spi ni  s  Three 
varieties  are  distintjuished:  var.  dlhuin  the 
white  hurricane  palm;  var.  auieiuii  Ball.l.,  the 
golden  hurricane  palm,  generally  less  than  10 

m  tall  and  \\\\h  a  distijirt  yellow  or  orange 
stripe  on  the  lower  side  of  the  petiole  and  ra- 
chis; and  var.  coiijugatum  H.E.Moore  & 
L.J.Ciueho.  with  a  short  sturdy  stem  up  to  5  m 
tall,  red  to  brown  male  flowers  and  the  tips  of 
the  leaflets  staying  attached  to  one  another  for 
a  long  time,  giving  it  a  characteristic  appear- 
ance. Diclyosperma  album  is  a  medium  fost 
grower. 

Ecology  Diciyo.yx-rma  tdbum  grows  at  low 

elevations  generally  up  to  (500  m  altitude.  In 
cultivation,  light  shade  or  full  sun  and  well- 
drained  soils  are  recommended.  It  is  salt  and 
wind  tolerant. 

Management  Thi-  three  varieties  of  the 
hurricane  palm  are  cultivated  in  the  Mas- 
carene  Islands  and  elsewhere.  In  Reunion  tree 
growth  has  been  investigated  on-farm  under 

several  management  regimes,  especially  with 
regard  to  weed  control. 
Genetic  resources  and  breeding  Die- 

tyosperma  nlhinn  vnr.  album  occurs  in  the  wild 
with  a  total  of  about  30  individuals  in  Mauri- 
tius and  Reunion.  No  natural  regeneration  has 
been  observed  recently.  This  variety  is  exten- 
si\'ely  cultivated  for  the  palm  heart  in  Mauri- 
tius and  lieunion,  all  stocks  ongmaling  from 
R^nion.  The  Conservatoire  Botanique  Na- 
tional de  Mascarin  in  Reunion  and  the  Sir 
Seewoosagur  Kamgoolam  Botanic  Garden  in 
Mauritius  have  collections  of  var.  aUtum,  Less 
than  10  individuals  of  var.  aumum  are  known 
from  Rodrigues,  and  all  are  in  unprotected 
environments.  Seedlmgs  have  been  grown  at 
the  Solitude  Nurseiy,  Rodrigues,  and  near  to 
300  seedlings  have  been  replanted  in  the  two 
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main  reserves  of  t  he  island.  Var.  conjiigaliun  is 
endemic  to  Round  Island,  off  the  north-east 
coast  of  Mauritius,  and  only  one  wild  adult 
individual  is  known  Sw'dlintjs  h;tvo  been 
grown  by  the  National  Parks  and  Conservation 
Service  and  50  of  these  have  been  introduced  to 
the  rat-fn-o  lie  ;uix  Aitrrcttos.  off  the  oaHt  coast 
of  Mauritius.  The  Sir  Seewoouagur  Ramgoolam 
Botanic  Garden  in  Mauritius  has  extensive 
collections  of  this  variety  as  well. 
All  throe  varieties  are  indicated  as  rritirally 
endangered,  but  they  do  not  feature  on  the 
lUCN  Red  List. 

Prospects  Dtvlyospenna  album  is  lioing 
planted  expenmentaily  Cor  the  palm  heart.  It 
takes  a  lung  time  before  the  trees  are  suffi- 
ciontly  mature  for  harvesting  the  palm  heart, 
but  in  the  meantime  they  may  provide  a  source 
of  seeds  which  can  be  exploited  cummercially. 
This  could  provide  the  farmers  with  an  addi- 
tional source  of  income  before  the  trcrs  nrc  rut 
for  the  palm  heart.  Dictyosperma  alhinn  is  an 
attractive  ornamental  palm.  Var.  conjugaUim 
with  its  peculiar  leaves  has  great  ornamental 
potent  i:d.  but  tln'  sf>uroes  of  seed  are  limited. 

Major  references  Gunb-Fakim,  A.,  2002; 
Maunder,  M.  et  al.,  2002;  Moore,  H.E.  & 
Hueho,  T,.J.,  1J)84;  Normand,  F.  V.W.)  Tuley, 
P.,  1995;  Uhl,  N.W.  &  Dransfield,  J.,  1987. 

Other  refierences  Gray,  M.,  2003;  lUCN, 
2n();i:  Palmarium,  2(K);i 

Authors  W.J.  van  der  Burg 

DIGERAMURICATA  (L.)  Mart. 
Protolo^e  Beitr.  Amarantac:  77,  no  2 

Fani i  1  y  . \ma ran t  h aceae 

Synonyms  Digera  aireiisis  Forssk.  (1775), 
Digem  aUemifialia  (L.)  Asch.  (1867),  Digera 
anguMifolid  Siii  s-  (  in.=in). 

Qcigbi  and  geographic  distribution  Digera 
murieata  is  wideq>read  in  eastern  tropical  Af- 
rica (from  Sudan  and  Ethiopia  suuth  to  T.inza- 
nia).  MadasjMSoar  and  tropical  and  subtrufiical 
^Asia  (from  Yemen  to  Afghanistan,  Pakistan, 
India,  Malaysia  and  Indonesia). 

Uses  Leaves  and  younp  shoots  of  Diffpra 
murieata  are  locally'  u.sed  as  a  vegetable,  e.g.  in 
Africa  (E!thiopia,  Kenya)  and  in  India.  In 
Kinvii  they  are  partknilaily  popular  as  a 
cooked  vegetable  nmonRst  coastal  tribes.  In 
India  the  leaves  are  made  into  curries  or  the 
entire  plant  is  boiled  in  water  and  seasoned 
with  salt  and  chilli.  Sometimes  Diggra  mun- 


cata  is  considered  a  famine  food. 
The  flowers  are  rich  in  nectar  which  is  some- 
times sucked  by  diildren  in  Kei^a.  The  whole 
plant  is  ;dso  commonly  grazed  as  a  forage,  par- 
ticularly by  sheep  and  goats,  in  Senegal  Digera 
murieata  is  used  internally  against  digestive 
system  disorders  and  in  India  seeds  and  flow- 
ers are  used  to  treat  urmary  disorders. 

Botany  Annual  herb  up  to  70  em  tall;  stem 
simple  or  branched,  suhgiabrous,  ridged. 
Leaves  alfemnte  simple:  petiole  up  to  5  cm 
long;  blade  Imear  to  ovate,  1-9  cm  x  0.2-5  cm, 
base  narrowed,  apex  acuminate,  margin  ^tire, 
subglabrous,  innoicsci  nn'  a  long-pedunculate 
(up  to  14  cm  long),  axillary,  spike-like  bracte- 
ate  raceme  up  to  30  cm  kng,  eadi  bract  sub- 
tending a  subsessile  partial  inflorescence  with 
a  central  fertile  flower  and  2  sterile  lateral 
flowers.  Fertile  flower  with  2  firm,  boat-shaped 
outer  perianth  segments  3-6  mm  long  and  2-3 
inner  slightly  shorter,  hyaline  segments;  sta- 
mens usually  5,  free  or  slightly  connate  at 
base;  ovaiy  superior,  1-oelled,  style  filiform,  up 
to  4  mm  long,  stigmas  2,  divergent:  lateral 
flowers  consisting  of  accrescent  ant k  r-shaped 
scales.  Fruit  a  subglubose,  hard,  mdehiscent 
nutlet  c.  2  mm  in  diameter,  ridged,  enclosed  by 

the  [ii  rsisleni  perianth  and  fidling  together 
with  the  sterile  flowers  and  bracteoles. 
Digera  comprises  only  1  species.  Based  on  the 
venation  of  the  outer  lepals  2  subspecies  of 
Digiera  wuricatn  have  been  distingiiished: 
subsp.  murieata  with  outer  tepals  7-12-vemed, 
mainly  occurring  in  Asia,  but  also  in  eastern 
Africa  and  Madagascar,  and  subsp.  triiim  is 
C.C.Towns,  with  outer  tepals  3-^-vemed, 
mainly  occurring  in  Africa.  Based  on  hairiness 
of  leaves  and  on  form  of  scales  in  sterile  flow  - 
ers several  varieties  have  been  distinguished 
in  subsp.  Irinen  is,  of  which  var.  palentipilosa 
C.C.Towns,  seems  moat  suitable  as  a  lea^r 

\  i  fjr  t  .-tbli ■  bieraiise  it  has  large  leaves. 

Ecology  Digera  murieata  is  most  common 
on  disturbed  and  waste  ground,  but  occurs  in 
many  kinds  of  habitat,  from  dry  savanna  and 
semi-desert  to  moist  localities  on  deep  clay  and 
mud  soils,  from  sea-level  up  to  loOO  m  altitude. 
It  also  occurs  as  a  weed  in  fields,  sometimes 

Iji'inu  t  roublesome. 

Management  Digera  murieata  is  usually 
collected  from  the  wild  although  in  parts  of 
Ethiopia  (Konso  region)  and  India  it  is  also 
cultivated  as  a  leaf  vegetable  and  sold  on  local 
markets. 

Genetie  reaonroes  and  breeding  Digera 
murieata  is  widespread  and  not  in  danger  of 
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genetic  ersosion. 

Prospects  Digem  muricata  will  most  proba- 
bly remain  a  leaf  vegetable  of  only  local  impor- 

tance. 

Major  references  Freedman,  R.L.,  1998; 
Maundu,  P.M.,  Ngugi.  G.W.  ft  Kabuye,  C.H.8., 
1999:  Schipperhi.  R.R..  2000:  S(>shii<iri.  S.  & 
Nambiar,  V.S.,  2003;  Townsend,  C.C.,  1985. 

Other  references  Cavaco,  A.,  1964a; 
Hauman,  L.,  15)5 la:  Townsend,  C-C,  2000. 

AathiOrs  P.C.M.  Jansen 


DINOPHORASPENNEROIDES  Benth. 

Protologue  Hook.,  Niger  Fl.:  366  (1849). 
Family  Melastomataoeae 

Chromosome  ntimber    =  12 
Origin  and  geographic  distribution  Diiio- 
phom  apenneroides  occurs  from  Guinea  to  An- 

polri  DR  ("'onpo  nnd  Rwanda. 

Uses  in  Gabon  and  DR  Congo  the  leaves  of 
Dinophora  spentieroides  are  collected  from  the 
wild  and  eaten  as  a  substitutr  f'i)i  lUbiscug 
subdariffa  L.  The  taste  is  aeiduluus  Tlic  fruit 
contains  some  sweet  pulp  which  is  eaten  by 
children  in  Gabon.  A  leaf  decoction  is  recom- 
mrn.li  (I  for  stomach  problems,  dysentery  and 
haemorrhoids.  In  Gabon  heated  leaves  are  ap- 
plied to  ulcers  and  sprains,  and  eaten  to  treat 
atomach-arhe.  A  loaf  infusion  is  used  against 
cough,  loss  of  voire  and  laiynpitis  and  pow- 
dered leaves  are  applied  to  sores  and  wounds. 

Botany  Spreading  eAirub  up  to  4  m  tall,  with 
slender  lir.nu  hes.  <iuadrangular  when  youn^. 
later  betominy  terete,  glabrescent.  Leaves  op- 
posite, simple,  those  of  the  same  pair  usually 
unequal  in  size:  stipules  absent:  petiole  1  —  10 
cm  lonp:  blade  ovate-ohlont;  to  hnii  oolate,  0—22 
cm  X  1.5-8  cm,  base  usually  rounded-cordate, 
apex  acuminate,  margin  serrate  with  mucro- 

n.itc  teeth,  densely  short -]>iil)i  srent  above, 
glabixius  below,  with  5-7  promment  ascendmg 
veins  and  parallel  transversal  veinlets.  Inflo- 
rescence a  terminal,  lax,  hanging  panicle  up  to 
20  cm  X  27  cm  consisting  of  cymes.  Flowers 
bisexual,  regular,  5-merous;  pedicel  0.5—1.5  cm 
l(mg,  gradually  enlarging  into  an  obconical 
hjTjanthium:  calyx  tubular,  4-6  mm  long, 
fleshy,  with  .small  teeth;  petals  ovate,  c.  1  cm 
long,  fleshy,  pink  or  white;  stamens  10,  ar- 
ranged in  2  whorls,  filaments  curved,  anthers 
with  a  2-lobed  appendix  at  base  opening  bj'  an 
apical  pore;  ovarj'  interior,  connate  with  hy- 
panthium,  many-celled,  style  sigmoid,  thick- 
ened above,  c.  1  cm  long,  aiding  in  a  small  cir- 


cular stigma.  Fruit  an  ellipsoid  to  globo.se  false 
berrj'  c.  1.5  cm  long,  whitish,  many-seeded. 
Seeds  shell-shaped,  c.  1  mm  long. 
Dinoj)}i<>ra  comprises  a  single  species. 

Ecology  Dinophora  spennei-oidea  occurs  in 
forest  undergrowth,  preferring  more  open  loca- 
tions, e.g.  along  paths  and  on  forim  i-  cultiva- 
tion sites,  from  sea-level  up  to  2000  m  altitude. 

Genetlo  retonreea  and  breeding  JDirto- 
phora  apmneroides  is  wideqiread  and  not  in 
danger  of  genetic  erosion. 

Prospects  Dinophora  spenneroidea  will  re- 
main a  minor  leaf  vegetable  of  only  local  im- 
portance. Its  nutritional  and  medicinal  proper- 
ties deserve  investigation. 

Major  refereiusea  Buikill,  H.M.,  1997; 
Jacques-Feli.x.  11.,  1983;  Rapcnda-Walker,  A.  9t 
Silians.  \i .  i;i(;i. 

Other   references   Keay,    R.W.J. ,  1954c; 
Troupin,  G.,  1982. 
Anthora  P.C.M.  Jansen 


DiOSCOREA  PRAEHENSIUS  Benth. 

Protologue  Hook.,  Niger  Fl.:  530  (1849). 
Family  Diosooreaceae 

Synonyms  Din.scnrca  cdyftimsiM  Lam.  var. 
praehenailia  (Benth.)  A.Chev. 

Veruacubur  aaittaa  Bush  yam,  forest  yam, 
white  yam  (En).  Igname  de  brousse,  igname 
saiu'.-i'j'  ■  I  Pr'' 

Origin  and  geographic  distribution  Diosco- 
rea  praeheihrnlia  occurs  wild  from  Guinea  east 
tr>  Ethiopia  and  south  to  Angola,  Zambia,  Ma- 
lawi and  Mozambique. 

Uses  The  young  shoots  are  eaten  in  Bas 
Congo  (DR  Congo).  The  flesh  of  the  tuber  is 
hitler  and  only  enten  after  caif  ful  preparation, 
in  Gabon  the  tuber  is  onlj'  eaten  when  young 
and  after  long  codcing.  In  notthem  Nigeria  it 
is  eaten  as  famine  food.  Tn  Congo  the  boiled 
tuber  is  taken  to  accelerate  childbirth,  and 
sometimes  to  relieve  rheumatism.  In  DR  Congo 
an  infusion  prepared  from  the  older  stem  is 
used  to  treat  stomach  complaints,  urethral 
discharge  and  oedema. 

Botany  Dioecious  climbing  herb  up  to  16  m 
long;  tuber  up  to  (M)  cm  loni;  flc-^h  whitt>  with 
yellow  tinge,  with  bitter  purple  layer  below  the 
akin,  armed  with  a  crown  of  thoniy  roots;  stem 
1—2  cm  in  diameter,  dig^tly  ribbed  longitudi- 
nallj',  spiny,  often  wnx>-,  glabrous,  purplish- 
green.  Leaves  opposite,  occasionally  alternate, 
simple;  petiole  2.6-6  cm  kmg;  blade  ovate  to 
ovate-lanceolate,  4-10  cm  x  3-6  cm,  deeply  cor- 


288  VEGETABLES 


date  at  base,  acute  at  apex,  entire,  5-7-vcincd; 
basal  leaves  often  strongly  reduced.  Inflores- 
cence an  axillarj-  spike:  male  ones  3-6  to- 
gi'thcr.  fle.Miiius  3-.">  cm  lon^j;  femtde  ones  1-2 
together,  pendulous,  10-25  cm  long.  Flowers 
unisexual,  perianth  segments  in  2  rows  of  8,  1- 
1.5  mm  long;  male  flowers  with  (5  stamens;  fe- 
male flowers  with  infertor,  3-celled  ovaty.  Fruit 
a  deeply  34obed  capsule  2-2.5  cm  x  3  cm,  3-6- 
seeded.  Seeds  winged  all  round,  1.6-2  cm  long. 
It  has  been  suggested  that  Din.irarpa  pirtehen- 
silis  is  one  of  the  parents  of  the  cultivated  Dio- 
Korea  eayenmeia  Lam.,  together  with  other 
species  of  the  section  Eucniliophyllum  siu  h  as 
DioaeoFea  abyaamiea  Iloehst.  ex  Kunth  and 
Dioaeorea  burkilUana  J.Miege. 

EiCology  Dioscoiva  pnieliensilis  grows  in 
forest,  often  seeondary  forest  and  along  forest 
margins  up  to  7UU(-lGt)U)  m  allUude. 

Management  Dioseorea  praehensUis  has 

oerasinnnlly  been  tnken  info  riiltivntion.  The 
wild  form  has  been  to  some  extent  genetically 
improved  to  produce  longer  tubers.  In  some 
cultivars  the  protective  thi  in,  umature  of 
roots  has  been  re( lured  to  slender  short  spiny 
roots.  The  cullivalion  is  like  other  yams;  Dio- 
aeorea  praeheiisiUt  is  grown  in  well-weeded 
plots,  often  in  mounds  of  soil  and  trained 
against  a  support. 

Qeuetle  reaowreea  and  breedini;  Dto- 
scorea  praehensilLt  is  quite  common  in  West 
Afrira.  It  is  consideivd  one  of  the  wild  rela- 
tives, or  even  one  of  the  parents,  of  the  culti- 
vated IXoacorea  caymmtM  and  therefore  may 

lie  used  as  a  source  nf  ii'sistance  and  other 
useful  [iroperties.  The  many  genetically  differ- 
ent populations  are  being  studied. 
Several  living  collections  are  kept  in  institutes 
in  nhana.  Cote  d  l voire  Togo  Benin  and  Nige- 
ria. The  seeds  of  Dioseorea  pixielienailis  can  be 
stored  under  gene  bank  conditions  for  long 

period?  without  deterioration.  Din.fcnrrn  seed 
collections  are  kept  in  gene  banks  all  over  the 
world;  large  collections  are  maintained  at  IRD 
(Inst  it ut  de  Recherche  pour  le  Developpement), 
Mont pt'in.  r  France  and  IITA.  Ibadan  Nigeria. 

Prospects  As  a  vegetable  Dioseorea  prae- 
henailia  is  of  limited  use  and  potential.  It  is 

import nnt  as  .n  source  of  genetic  v.nriation  in 
yam  breedmg  work.  Further  genetic  improve- 
ment to  reduce  the  bitter  constituents  may 
render  this  yam  more  palatable  and  popular. 

Major  references  Bouquet,  A..  19G9: 
BurkiU,  H.M.,  1985;  Coursey,  D.G.,  1976;  Dal- 
ziel,  J.M.,  1937;  Latham,  P..  2002. 

Other  references  Berthaud,  J.  et  al.,  1998; 


IPGRI,  200;3;  Malauric,  B.,  Pungu.  O.  &  Trous- 
lot,  M.F.,  1995;  Miege,  J.  &  Demissew  Sebsebe, 
1997;  Okigbo,  B.N  1087:  Okiy.  G.K.o  1002; 
Ongoiba  .Moussa,  II  .  1985;  Raponda-Walker, 
A.  &  Sillans,  K.,  1961;  Tostain,  S.  &  Dainou, 
O..  1998. 
Autiiors  W.J.  van  der  Burg 

DiPLAZIUM  PROUFERUM  (Lam.)  Tfaouars 

Protologue  Esquisse  fl.  Tristan  dAcugna: 
35  (1808). 

Family  1  ^ryo]  itfi-idaceae 

Chromosome  number  2ii  -  82 

Synonsrms  Aaplenium  prolifemm  Lam. 
(1786),  CaUipteris  prolifera  (Lam.)  Bory  (1804), 
Diplaziiiiu  acci'dcns  Bhimv  (1828).  Callipleris 
accedena  (Blume)  J.Sm.  (1841),  Alhyriuin  acce- 
(Una  (Blume)  Milde  (1870). 

Vernacular  names  Mother  fr-rn  (Rn). 

Origin  and  geographic  distribution  Dipla- 
sium  prolifemm  is  widespread  in  tropical  Af- 
rica, from  Guinea  to  Cameroon  and  Equatorial 
Guinea  (Bioko)  Sao  Tome  et  Principe,  DR 
Congo  and  Madagascar. 

Uses  In  Madagascar  the  jroung  still  enrolled 

fronds  (ci-oziers,  nddleheads)  are  eaten  as  a 
cooked  vegetable.  In  South-East  Asia  the 
croziers  as  well  as  the  bulbils  present  on  the 
rachis  are  eaten  boiled  or  steamed  as  a  \-egeta- 
hie,  or  raw  as  n  salad  Diplaziiim  prolifemm  is 
widely  planted  as  an  ornamental. 
The  related  D^lasium  eaeulentum  (Retz.)  Sw. 
is  the  most  important  fern  used  for  human  food 
in  the  world.  It  does  not  occur  in  Africa. 

Botany  Large  fern  with  erect  riuzome  cov- 
ered u  iih  brown  scales  at  apex.  Leaves  slightly 
lonthery,  clustered  at  apex  of  rhizome,  produc- 
ing bulbils  and  young  plants  all  over  the  ra- 
diis;  petiole  3-60  cm  long,  straw-coloured;  lam- 
inn  f;n-2no  cm  long,  pinnate:  pinnae  numerous, 
lanceolate,  the  lower  ones  slightly  reduced, 
median  pinnae  alternate,  6— 7  cm  apart,  shortly 
petiolate,  15—20  cm  x  3-5  cm,  truncate  at  base, 
apex  al)ruptly  narrowed  into  a  long  tip:  lolies  of 
pinnae  rounded  or  emarginate  al  apex,  den- 
ticulate; bases  of  pinnae  proliferous,  with 
young  plantlet s  on  the  upper  side.  Sori  linear, 
in  a  characteristic  V-shaped  arrangement  fol- 
lowing all  veinlets  of  the  lobes,  usually  4-5,  but 
up  to  7  especially  in  West  Africa.  Indusia  lin- 
ear attached  along  the  vein.  Spores  with  a  few 
long  folds  above  a  papillate  inner  perispore. 
Diplasium  is  often  placed  in  Woodsiaeeae, 
sometimes  in  Athyriaeeae,  families  whidi  are 
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mcludod  in  Dryopleridaceae  here.  Some  au- 
thors propose  placing  Diplazium  in  Thelypleri- 
daceae.  The  genus  is  closely  related  to  Athy- 
riuiii  from  which  it  would  differ  by  only  one 
chromosome  («  =  10  and  h  =  41  respectively) 
even  though  the  chromosome  number  n  =  41  is 
not  consistent  in  Dipla:iiiiii.  Dipldtiuin  pio- 
Ufemin  and  related  species  with  anastomosing 
veins  are  sometimes  placed  in  a  separate  genua 
Cdlliplcri.s. 

Ecology  DipJaziiiw  prnh'ferum  grows  in 
liaphia  thickets  and  marshes. 

Management  IXplazmm  species  are  easily 
grown  from  spores,  The  bulbils  can  be  detached 
and  placed  in  the  soil  £ar  rooting,  or  they  can  be 
left  on  the  plant  to  develop  into  plantlets  which 
can  be  simply  detached  and  planted 

Genetic  resources  and  breeding  Dipla- 
zium proliferum  is  widespread  and  does  nut 
seem  to  be  endangered.  Although  it  is  widely 
riiitivnted  ns  nn  ornamental,  it  is  not  culti- 
vated for  use  as  a  vegetable.  No  germplasm 
collections  are  known. 

Prospects  No  special  culinar>'  merits  are 
known  of  Dijiluzium  proli/rniin  ;ind  it  seems 
unlikely  that  it  has  the  potential  to  be  grown 
and  traded  at  a  commercial  scale.  Its  use  as  an 

om;r"ii  ni  il  tcmriins  important. 

Major  references  BurkilL  H.M.,  2000;  De- 
car}',  R..  1946;  Hoveokamp,  P.H.  &  Umi  Kal- 
som,  Y  ,  2003;  Johns,  RJ.,  1991;  Stevenson, 

]\\\  1i)8l. 

Other  references  Alston,  A.H.G.,  1959; 
Burrows,  J.B.  &  Burrows.  8.M.,  2001;  Faden, 

R.B.,  1973:  flolttum.  R.E.  &  Roy,  S.K  HM'.r,; 
Jones,  D.L.,  1998;  Manton,  I.,  1959;  Tardieu- 
Blot,  M  L.,  1964h:  Tr>  on,  A.F.  &  Lugardon,  B., 

19!)(). 

Authors  W.J.  van  der  Bui^ 

DiFLOCTCLOS  PALHATU8  (L.)  C.  Jeffrey 

Protologue  Kew  Bull.  15:  352  (1962). 
Family  Cucuihitaoeae 

Chromosome  number  2ii  =  24 

Vernacular  names  LoUipup  climber, 
striped  cucumber,  native  bryony  (En). 

Origin  and  geographic  distribution  Dip  In- 
cycloa  palinalus  is  widely  spread  in  the  Old 
World  tropics  including  Madagascar.  It  occurs 
throughout  sub-Saharan  .\frica.  but  is  absent 
in  most  of  West  .\frica  and  Somalia. 

Uses  The  leaves  of  Diplocyclos  palinalus  are 
eaten  as  a  vegetable  in  Kenya  and  in  South- 
East  Asia;  young  fruits  and  shoots  are  occa- 


sionally oaten  as  well  in  South-East  Asia.  In 
Kenya  the  roots  are  used  as  an  antivenin  and 
fruits  and  leaves  to  cure  stomach-ache.  In 
Thailand  stems  are  used  as  an  expectorant  and 
fruits  as  a  laxative,  and  in  Nepal  seeds  as  a 
febrifiige.  Dipheyelos  palmatus  is  grown  in 
Kenya  and  Zimbabwe  as  a  garden  omam«ital 
because  of  the  decorative  fruits. 

Properties  Dried  leaves  caused  death  in 
calves  and  ewes  in  Kenya.  Galacto.«5e  .specific 
lectin  activity  was  dotoctod  in  the  mucilatiinoiis 
coat  surrounding  the  seeds  of  Diplocyclos  pal- 
matua.  The  lectin  is  a  single  polypeptide  diain 
cxintaining  2%  carlKihydrate.  Punicic  acid,  a 
trans  fatty  acid  that  is  rare  in  plants,  was  iso- 
lated from  Diplocyclos  palmatu*. 

Botany  Perennial,  monoecious  herb  climb- 
ing by  bifid  tendrils:  stem  up  to  G  m  long, 
young  stems  spotted  with  darker  green.  Leaves 
alternate,  simple;  stipules  absent;  petiole  2—10 
cm  long:  blade  broadly  ovate,  palmately  5{— 7)- 
lobed,  up  to  14  cm  x  15  cm;  base  cordate;  lobes 
narrowly  elliptical  or  elliptical,  margin  sinuate- 
dentate.  Inflorescence  an  a.villary  duster,  with 
usually  both  male  and  female  flowers  in  same 
axil.  Flowers  unisexual,  regular,  5-merous, 
corolla  white  to  greenish-yellow;  male  flowers 

pedicf4]ntc  with  '■'  fret-  stamens:  female  flowers 
subsessile,  with  mferior,  1-celled  ovary,  stigma 
3-lobed.  Fruit  a  sub^obose,  indefaiscent  berry 
1.5-2.5  cm  in  diameter,  solitary  or  clustered, 
red  with  silvery  white  longitudinal  stripes. 
Diplocyclos  comprises  1  species,  3  of  which  are 
confined  to  Afiica. 

Ecology  Diplocyrlcis  pnhiialn s  occurs  in  dif- 
ferent tjpes  of  vegetation,  but  usually  m  wet 
localities,  e.g.  swampy  forest,  flood-plains  and 
valleys,  at  altitudes  up  to  1800  m. 

Genetic  resources  and  breeding  \s  Dip- 
locyclos palmatus  is  widespread  and  hardly 
exploited,  there  seem  to  be  no  immediate 

threats  of  genetic  erosion. 

Prospects  In  view  of  the  toxicity,  promoting 
the  consumption  of  Diplocyclos  is  hazardous. 
Furtlier  research  into  the  chemical  constitu- 
ents is  desirable 

Major  references  .\nuradlia,  P.  &  lihide  S., 
2002;  Jeffrey,  C,  1995;  Keraudren-Aymonin,  M., 
]9H-A:  Mugurn,  CM  1970:  Njoroge,  G.K.  & 
Newton,  L.E.,  2002;  van  den  Bergh,  M.H.,  1993. 

Other  references  Burkill,  H.M..  1985;  Jef- 
frey. C,  1962:  Jeffrey,  C,  1979. 

Authors  C.H.  Bosch 
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DuosPERMA  CRENATUM  (Lindau)  P.G.Mey. 

Protologue  Mitt.  Bot.  Staatssamml.  Mun- 

chen  3:  002  (innO). 
Family  Acanthaceae 

Synonyms  Hygrophila  erenata  Lindau 
(1894).  Diaperma  pan  iflonim  (Lindnu) 
C.B.Clarke  (1899),  Diaperma  crenalum  (Lin- 
dau) Milne-Redh.  (1933). 

Oligin  and  geographic  distribution  Duo- 
aperwa  crpuahim  is  found  in  Krnyn  Tanzanin 
Malawi,  Zambia,  Namibia,  Zimbabwe  and  Mo- 
zambique. 

Uses  Yhiuii,'  livncs  of  Diiosperma  erenatum 
are  collected  irom  the  wild,  duq^d  and  cooked 
alone  or  mixed  with  other  vegetables  audi  as 
peas  or  amaranth  leaves,  and  served  with  a 
staple  food.  Coconut  milk  or  [JoumJed  ground- 
nuts are  often  added.  A  leaf  mfusiun  is  drunk 
women  for  an  easy  delivery.  Duosperma 
crrnattiiii  \>  .ilsn  ii.«pd  as  forage. 

Properties  Mature  leaves  of  Duoapenna 
erenatum  which  start  to  turn  yeUow  are  be- 
lieved to  be  toxic  to  humtuis. 

Botany  Erect  small  shrub  or  perennial  herb 
up  to  1.2  m  tall,  with  more  or  less  quadrangu- 
lar, pubescent  stems  arising  from  a  woody  rbi- 

zome  Loaves  oj)posite,  simple,  almost  sessile; 
blade  elliptical,  up  to  8  cm  x  4  cm,  narrowed  at 
both  ends,  margin  entire  in  lower  part,  crenate 
to  toothed  in  uppci  p  iri,  sparsely  hairy.  Inflo- 
rrsrenrr  an  nxillaiy,  dense,  cymoso  fascicle 
with  small  pale  green  bracts.  Flowers  bisexual, 
zygomorphic,  5-merous;  calsrx  tubvilar,  6-9  mm 
long,  lobes  more  or  less  connate:  corolla  tuhu- 
lar,  9-11  mm  long,  2-iipped,  white  with  pur- 
plish dots  or  lines  in  the  throat;  stamens  4: 

ovarj"  superior,  2-celled,  style  with  2  unequal 
stigmoid  branches.  Fruit  a  flnttpncd  ellipsoid 
capsule  c.  8  mm  long,  shiny  brown,  2-seeded. 
Seeds  discoid,  with  hygroscopic  hairs  on  the 

margin. 

Duoapenna  comprises  about  15  species  and  is 
confined  to  tropical  Africa,  but  it  is  not  well 
known.  Most  characteristic  are  its  flattoaed- 
ellipsoid  fruits  with  2  seeds  only 

Ecology  Uuoaperma  cieiiatuiii  occurs  m  dry 
rodcy  bushland,  at  300-1000  m  altitude. 

Genetic  resources  and  breeding  Dim- 
apenna  crenalum  is  rather  widespread  and 
does  not  seem  to  be  in  danger  of  genetic  ero- 
-I'  II  although  in  some  countries  it  ia  reported 
to  be  rare  (e.g  in  Kenya). 

Prospects  Duosperma  erenatum  will  i-emain 
a  minor  leaf  vegetable  in  the  dry  areas  of  East 
and  southern  Africa.  Its  nutritional  and  chemi- 


cal composition  require  investigation. 

Major  references  Burkill,  I,H.  &  Clarke, 
C.B.,  1899-1900;  Ruffb,  C.K.,  Bimie,  A.  & 
Trngmis.  B.,  2002. 

Other  references  Agnew,  A.D.<c^.  &  Agnew, 
S.,  1994;  Brummitt,  R.K.,  1974. 

Autiiora  P.C.M.  Jans^ 


Dypsis  baronii  (Becc.)  Beentje  &  J.Dransf. 

Protologue  J.Dransf.  &  Beentje,  The  palms 
of  Madagascar  198(1995). 

Family  An  i  accae  (Palmae) 

Synonyms  Chrysalidocarpus  baronii  Becc. 
(1906),  Neodypnt  baronii  (Beoc.)  Jum.  (1924). 

Vernacular  names  Sugarcane  tree,  sugar- 
cane palm  (Ell) 

Origin  and  geographic  distribution  Dypsis 
baroiiM  is  endemic  to  Madagascar. 

Uses  The  pnim  heart  of  Dyiy.si.s  harnnii  is 
reported  to  be  an  excellent  vegetable;  the  fruits 
are  also  edible  and  sweet.  Dypsis  baronii  is  a 
very  elegant  palm  and  is  grow  n  in  Antanana- 
rivo and  other  parts  of  Madagascar  (and  occa- 
sionally elsewhere)  as  an  ornamental. 

Botany  Palm  with  sugarcane-like  trunks 
rlust<>ring  in  clumps  of  2—8  m  tall  and  up 
to  12(— 22)  cm  in  diameter  crown  shaft  up  to  60 
cm  long,  pale  green  to  vt  llow.  Leaves  4—8 
in  the  crown,  arranged  spirally,  pinnalely  com- 
pound: sheath  up  to  GO  cm  long,  petiole  up  to 
37(-53)  cm  long,  rachis  50-120  cm  long;  leaf- 
lets 36-60  on  each  side  of  the  rachis,  dark 
green,  basal  le.inets  threadlike,  hanging,  up  tn 
1  m  long,  median  leaflets  stift^  up  to  50  cm 
long.  Inflorescence  between  or  below  the 
leaves,  branched  to  2  orders,  arching;  peduncle 
2o-<)0  cm  long,  reddish:  bracts  t  up  to  7.")  cm 
long;  rachis  up  to  35  cm  long,  branches  up  to  25 
cm  long,  pinkish  to  pale  green,  with  both  male 

and  female  flowers.  Flowers  unisexual  3- 
merous;  male  flowers  with  6  stamens  and  a 
rudimentary  pistil:  female  flowers  with  supe- 
rior, apparent  1\  1 -celled  ovarj'  and  rudimen- 
tary stamens.  Fruit  an  ellipsoid  or  subglobose 
drupe  1—2  cm  x  1—1.5  cm,  l-seeded.  Seed  ellip- 
soid, c.  1  cm  long,  outside  slightly  grooved;  en- 
dosperm ruminate. 

Dypaia  comprises  about  140  species,  all  en- 
demic to  Madagascar  except  2  occurring  in 
Comoros  and  1  <m  Pemba  Island. 
Some  Dypsis  species  apparently  related  to 
Dypaia  baronii  have  been  reported  as  sources  of 
palm  heart:  Dypda  beuHonga  (Jum.  & 
H-Perrier)  Beenlrje  &  J.Dransf.,  Dypaia  oreo- 
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phila  Bccntjo,  and  Dypsis  tsaratananensis 
(Jum.)  Beentje  &  J.Dransf.  However,  all  these 
species  are  much  more  rare  than  Dypsia 

baron  a. 

Ecology  Dypsis  baronii  occurs  in  moist  mon- 
tane forest  and  bamboo-dominated  forest,  at 
850-1500  ni  altitude,  usually  on  steep  slopes, 
less  often  on  ridge-crests. 

Management  Dypsis  baronii  is  reproduced 
by  S(  1  il>  which  iir»>  nvailable  on  the  interna- 
tioniil  market.  Seeds  tr'-rmin.-iti'  in  1-3  months. 

Genetic  resources  and  breeding  Dypsis 
baronii  is  common  and  occurs  over  a  large  area 
in  Madagascar.  There  is  no  danger  of  genetic 
erosion. 

Proapeots  Dypsis  baronii  may  remain  of 
local  importance  for  the  production  oi*  piihn 
heart  as  it  is  one  of  the  mnr<>  \vi(I(  «pre;ul  Dyp- 
sia species.  It  seems  to  have  pulenliai  for  sus- 
tainable production  because  it  grows  in  clumps. 
This  elegnn)  pnlm  hn<  prent  potential  as  an 
ornamental  in  parks  and  gardens. 

Major  references  Dransfield,  J.  &  Beentje, 
H.J..  1995:  Jumelle^  H..  1945. 

Other  references  Davies.  R.I.  &  Pritchard. 
II. \V.,  1998;  Dransfield,  J.  &.  Marcus.  J.,  2002; 
Haynes,  J.  &  McLaughlin,  J.,  2000;  Houser, 
K  .\  1996;  Johnson,  D.V.,  1996;  Johnson,  D.V., 
1998. 

Authors  W.  J.  van  der  Burg 

Dypsis  alvna.njarensis  (Jum.  &  H.Pemer) 
Beentje  &  J.Dransf. 

Protologue  J.Dransf.  &  Beentje,  The  palms 
of  Madagascar:  163  (1996). 

Family  Arec.i<-<-;if  (P;ilmae) 

Synonyms  (^hrysdlidncarpns  mniianjnrctisis 
Jum.  &  H.Perrier  (I913)>  Chrysalidocarpus 
fibrotus  Jum.  (1922). 

Origin  and  geographic  distribution  Dypsis 
mananjareusis  is  endemic  to  Madagascar. 

Uses  Dypsis  mananjarmsis  provides  good 
quality  p;dm  heart,  which  is  slightly  bitter.  The 
b:irk  {uoduces  fil)re  that  was  formerly  much 
used  by  the  local  population.  The  wood  is  ver>' 
hard  and  used  for  making  planks  for  houses.  In 
n  young  stnpe  the  palm  can  be  used  as  an  or- 
namental for  in-house  decoration;  older  plants 
are  attractive  in  gardens  and  parks. 

Botany  Palm  with  solitary  trunk  6-25  m 
tall  and  up  to  .30  cm  diameter:  crown  shaft  up 
to  1.6  m  long.  Leaves  6-10  in  the  crown,  tris- 
tichous,  pinnately  compoimd;  sheath  0.6-1.6  m 
long,  petiole  up  to  12  cm  long,  radiis  3-3.6  m 


long:  leaflets  120-150  on  each  side  of  the  ra- 
chis,  irregular  or  in  groups  of  .3-7,  basal  leaf- 
lets up  to  150(-300)  cm  long,  median  leaflets 
up  t(i  1.35  cm  Itint;  Inflorescence  l)eli)\\  the 
leaves,  c.  150  cm  long,  branched  to  3  orders; 
peduncle  18-40  cm  long,  aidiing,  brandies 
pendulous:  bracts  up  to  120  cm  lont::  rachis  up 
to  100  cm  long,  branches  up  to  60  cm  lung,  with 
male  and  female  flowers.  Flowers  unisexual,  3- 
merous;  male  flow(>rs  with  0  stamens  and  a 

rudimentaiy  pistil  female  flowers  with  supe- 
rior, appai-ently  1-celled  ovarj*  and  rudimen- 
tary stamens.  Fruit  a  globose  drupe  4-6  mm  in 
diameter,  l-seeded  Se<  d  globose,  3.5-4.5  mm 
in  diameter;  endosperm  uniform. 
Dypsis  comprises  about  140  species,  all  en- 
demic to  Madagascar  e.xcept  2  occurring  in 
Comoros  and  1  on  Pemba  Island 
Some  Dypsis  species  apparently  related  to 
Dypsis  mancmjarensis  have  been  reported  as 
.i^ources  of  palm  heart:  Dypsi.s  madagascarien- 
sis  (Becc,)  Beentje  &  J.Dransf.,  Dyp.n.'^  piltdif- 
era  (Becc)  Beentje  &  J.Dransf.,  Dypsis  presto- 
iiiana  Beentje  aad  Dypsis  tsaravoasiin  Beentje. 
The  first  species  is  more  important  for  its  tim- 
ber, the  other  ones  are  even  more  rare  than 
Dypsis  mtmanjarensis. 

Ecology  Dvy^.sv'.s'  iit'iniiiijarriisi.t  occurs  in 
moist  or  dry  forest,  on  slopes  up  to  200  m  alti- 
tude. 

Management  Dypsis  mananjarensi.t  is  re- 
produced by  seeds,  which  are  offered  for  sale  on 
the  international  market.  There  are  about  875 
seeds  per  kg. 

Genetic  resources  and  breeding  Tln'  con- 
servation status  of  Dypsis  mananjareusis  is 
rated  as  'vulnerable'  on  the  lUCN  red  list  of 
threatened  plants.  Though  this  species  may  be 
locally  common,  the  total  number  of  trees 
probably  does  not  e.\ceed  a  few  hundred.  Over 
the  whole  distribution  area  it  is  thrsatMied  by 
forest  clearance  for  agricultural  land  or  by 
burning;  the  cutting  for  palm  heart  targets  this 
palm  specifically. 

Prospects  E^loitation  of  the  retmuning 
stands  of  Dypsis  iiiatiaitjareitsis  for  its  i  ilni 
heart  should  be  slopped.  It  does  not  seem  lu 
have  potential  for  sustainable  production  be- 
cau.«e  it  has  a  solitary  trunk.  There  \?.  interest 
from  gardeners  in  growing  this  palm.  However, 
because  of  its  increasing  rarity  the  collection  of 
seeds  from  the  w  ild  for  the  purpose  of  interna- 
tional trade  should  lie  controlled. 

Major  references  Dransfield,  J.  &  Beentje, 
H.J..  1995;  Jumelle.  H.,  1946. 

Other  refereuoes  Davies,  R.I.  &  Pritchard, 
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H.W.,  1998;  Drnnsfirld,  -1.  &  Marcus.  J.,  2002; 
HajTiPS,  J.  &  McLaughlin.  J..  2000;  Houser, 
K.A..  1996:  IVCS^  2002;  Johnson,  D.V..  1996; 
JohiKc.n  D.V.,  1998;  Walter,  K.S.  &  Gillett, 
HJ.,  1998. 
Autiiors  W.J.  van  der  Burg 

Edithcolea  grandis  N.E.Br. 

Protologue  Bull.  Misc.  Inform.  Kew  1895: 

220  (1895). 

Family  Asdepiadaoeae  (APG:  Apocynaoeae) 
Synonyms   Edithcolea   sordida  N.E.Br. 
(1903). 

Vemaonlar  names  Persian  carpet  flower 

(En),  Tapis  persan  (Fr). 

Origin  and  geoerrajjliic  distribution  Editli- 
colea  grandly  has  been  lound  wild  in  Ethiopia, 
Somalia,  Kenya,  Tanzania  and  Yemen.  Occa- 

sionally  it  is  rulli^ntcd  in  'dfsrri  pardons'. 

Uses  in  Etliiopia  and  Somalia  the  stems  are 
eaten  as  a  vegetable.  Edithcolea  grandia  has 
potential  as  an  iini;unental  sucrulcnt  with 
beautiful  flowers.  Tlie  nowcis  have  been  de- 
scribed as:  resembling  a  Tudor  Rose  in  shape 
and  with  a  colour  more  like  a  beautifully  toned 

Persian  raqjfl  than  anything  rise  . 

Botany  Succulent,  perennial,  leailess,  de- 
cumbent  herb,  up  to  30(-75)  cm  tall;  stem  2-3 
cm  in  diameter,  more  or  less  branched,  gla- 
brous, .o-nnglod  angles  armed  with  hard, 
brown,  veiy  acute,  spinelike  teeth,  blowers 
usually  solitaiy  at  the  apex  of  the  brandies, 
liisi  xual.  regular,  "i-inemus:  pedicel  1.5-2  cm 
lung;  calyx  divided  with  ovate-lanceolate  lobes 
8  mm  X  2  mm;  corolla  rotate,  8-12.6  cm  in  di- 
ameter, tube  6-8  mm  x  :)-9  mm,  disk  with 
concentric  dark  red  ndgos  usually  white- 
yellowish  w  ith  dark  purple-brown  spots  conflu- 
ent at  the  base  of  each  lobe  in  an  arc,  lobes 
ov;itr--ariito  up  fo  ri  cm  ^  2  5— cm,  hordrrrd 
with  long  clavate  purple  hairs  to  about  the 
middle  where  the  borders  incurve  and  form  a 
broad  hairy  arc  across  each  of  the  lobes,  usu- 
ally dark  pur{)le-l)row n  al)o\e  the  hairj'  arc: 
outer  cxjrona  consisting  ol'  oblong,  acutely  bifid 
lobes  1  mm  long,  inner  corona  of  erect  fleshy 

lobes  2  mm  long,  in  flexed  over  the  anthers- 
ovary  superior,  style  not  exceedmg  the  anthers, 
stigma  5-lobed. 

A  form  Willi  |>ti)fusely  branching  stems  and  a 
rather  shrubby  growth,  and  obtuse  stem-angles 
which  are  often  spirally  twisted,  has  been 
separated  as  var.  baylisaicma  Lavranos  & 


Ecology  In  the  wild  Edithcolea  grandis 
grows  in  desert-like,  drj'  and  hot  localities,  in 
full  sun  or  sometimes  in  the  light  shade  of 
rocks  or  other  plants  on  sandy  snils 

Management  Propagation  is  possible  by 
seed  and  by  cuttings.  Stem  cuttings  root  easily 
and  best  results  are  obtained  at  temperatures 
above  27°C  in  light  shade;  the  soil  has  to  be 
well  drained  because  the  plant  rots  extremely 
easily  Plants  tolerate  temperatures  as  low  as 
but  the  temperature  should  jirefiTably  not 
drop  below  12°C.  Established  plants  need 
much  sun  for  growth,  so  cultivation  is  difficult 
in  many  temperate  regions,  Cultivated  plants 
are  offered  for  sale  in  Europe  for  €  7.5-1 1 . 

Genetio  resonrees  and  breeding  In  the 
wild,  Edithcolea  graiidi.s  i-^  luimd  very  locally 
and  it  should  l)e  protected  w  hei  ever  it  grows. 

Prospects  Although  the  stems  of  Editliculea 
grandis  are  said  to  be  edible,  its  commercial 

cultivatifin  ^possibly  including  ti-suf  culture 
propagation)  and  trade  as  an  ornamental  may 
have  more  potential. 

Major  references  I.uvianos.  J.J,  &  Hardy, 
D.S.,  1903:  Sehheben,  H.J.,  1963;  White,  A.  & 
Sloane,  B.L.,  1937. 

Other  references  Brown,  N.E.,  1902-1904; 

Westphal  E..  197.^. 
Authors  P.C.M.  Jansen 


Emilia  goccinea  (Sims)  G.Don 

Protologue  Hortus  Brit.  ed.  3:  382  (1839). 

Family  .XsIcimiccjic  (Cumpositae) 

Chromosome  number  2n  -  10 

Synonyms  Cacalia.  eoeeinea  Sims  (1803), 
Emilia  sagittata  auct.  non  DC 

Vernacular  names  Tassel  flower.  Cupid's 
paintbrush,  red  thistle  (En).  EmiUe,  cucolie 
£cariate  (Fr).  Kilembe  cha  mbwana,  ulimi  wa 
ngomhe  (S\v) 

Origin  and  geographic  distribution  Emilia 
eoeeinea  is  native  to  DR  Cmgo,  Burundi,  Su- 
dan, Kenya,  I  ganda,  Tanzania,  Malawi,  Zam- 
bia Angola.  Ziml»alnv(>  and  Mozambique.  r?ed- 
and  purple-flowered  plants  have  been  imported 

in  Mauritius  and  have  become  naturalized 

locally. 

Uses  The  use  of  EmiUa  eoeeinea  as  a  vegeta- 
ble is  reported  from  Kenya,  Tanzania  and  Ma- 

lawi  111  'r.it),',!!!!,!  leaves  are  chopped  and 
cooki'd  jilone  or  with  pulses  such  as  pens  and 
beans.  In  Malawi  the  leaves  are  only  occasion- 
ally eaten  as  a  side  dish;  they  are  considered  to 
have  an  unpleasant  taste. 
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In  Tanzania  eye  inflammations  arc  treated  by 
applying  a  cold  water  compress  of  the  bruised 
plant  or  by  soaking  leaves  mixed  with  those  of 
Ipomoea  eriocarpa  R.Br  in  watfiv  iiftor  whic-h 
the  iniusion  is  used  for  eye  drops.  Crushed 
green  leaves  are  used  to  treat  wounds,  sores 
and  sinusitis.  Dried  powdered  leaves  are  also 
applied  to  sores.  Roots  or  leaves  are  boiled  and 
the  decortion  is  used  to  treat  syphilis.  The 
roots  an  us<  li  (o  treat  colic  in  babies  in  Tanza- 
nia and  as  a  chrst  moilictno  in  Kenya.  Eniilia 
coccinea  is  widely  cultivated  as  an  ornamental 
in  tropical,  subtropical  and  temperate  regions. 

Properties  Al\  dafa  on  the  nutritive  value 
pubhshed  under  the  name  EmiUa  cocciiwa 
appear  to  refer  to  Emilia  liaowakiemn  C.  JeflVey 
from  West  Afrie;i  'l"n\ic  pyrrolyzidine  alkaloids 
and  flavonoids  ha\e  been  isolated  from  other 
Emilia  species.  Fresh  leaf  juice,  methanolic 
and  aqueous  extracts  of  BmiUa  sonekifolia  (L.) 

DC  and  Fiiiiliii  jyvriuinthnidoa  O'V  ha\  r'  >h<n\  n 
antimicrobial,  antioxidant  and  onti-inflamma- 
toiy  activities  in  various  studies. 

Botany  Erect  annual  herb  up  to  120  cm  tall; 
stem  pubescent  in  lower  part,  glabrous  m  up- 
per part,  or  rarely  glabrous  throughout.  Leaves 
alternate,  simple;  lower  leaves  shortly  petio- 

lat<\  blade  spatulalc  lo  olliptiral.  up  to  12  cm  X 
5  cm;  median  and  higher  leaves  sessile,  blade 
spatulate  to  lanceolate,  up  to  20  cm  X  6  cm. 
Inflorescence  a  terminal  head,  iogolher  in 
cnrymbs:  involucral  bracts  (8-)i;?(-21).  Flowers 
bisexual,  regular,  5-merous;  corolla  tubular,  5- 
9.6  mm  long,  jrellow  to  orange  or  red  (some- 
times scarlet-red  m  nniaiiieiital  cultivars); 
stamens  with  oohermg  anthers  Ibrmmg  a  tube; 
ovary  inferior,  1 -celled,  style-arms  terminating 
in  an  appendage  of  fiised  papillaa.  Fruit  an 
achono  2-.5  mm  long,  shortly  haiiy;  pappus  3-^ 
mm  long. 

Emilia  comprises  about  100  species  and  is  in- 
digenous in  the  OH  World  tropics,  \boiit  50 
species  are  found  in  Africa,  and  several  of  these 
have  become  naturalized  in  the  Americas. 
EmUia  is  closely  related  to  SciKrio.  Vvucin- 
tively  it  resembles  species  of  Soiichii.s  but  it  ran 
be  distinguished  by  its  solid  stems  and  the 
absence  of  milky  sap.  Emilia  liaowakiana  and 

Eniilia  jivaelfrDiisan  Milne-Rodh  have  often 
been  misidentified  as  Emilia  coccinea,  and 
uses,  properties  and  chromosome  numbers 
reported  in  the  litciatuie  for  Emilia  coccinea 
often  refer  to  either  of  these  2  related  sjieries. 
The  ranges  of  Emilia  lisouskiana  and  Emilia 
eoeeiiiea  overlap  in  DR  Congo,  Angola  and 
Zambia  but  are  separated  ecologically,  those  of 


Emilia  praetcrmissa  and  Emilia  coccinea  do 
not  overlap  although  both  occur  in  DR  Congo. 
Amon^  i,'ai'([eners  the  names  Emilia  flammea 
and  Eniilia  jai  iinica  are  wrongly  applied  to 
ornamental  Emilia  coccinea. 

Ecology  Emilia  coeeinea  is  a  weed  of  road- 
sides waste  places  and  fallow  land.  In  eastern 
Africa  it  is  found  in  dry  areas  up  to  2000  m 
altitude. 

Management  In  Tanzania  Emilia  coccinea 
is  rollerted  diirinu  the  rainy  season  fot-  home 
consumption  and  traded  in  local  markets.  As 
an  ornamental  it  can  be  multiplied  by  cuttings, 
but  is  more  commonly  grown  from  seed  It  is 
grown  at  a  close  spacing  of  about  15  cm  and 
can  be  used  as  a  cut  flower  and  for  drying. 

Genetic  resources  and  breeding  EmiUa 
coccinea  is  a  widespread  and  common  weedy 
species  which  is  not  threatened  by  genetic  ero- 
sion. Breeding  and  selection  for  ornamental 
l)ur])(is(s  resulted  in  distinct  cultivars, 
among  them  bcarlet  Magic'. 

Prospects  As  a  vegetable  Emilia  coceitiea  is 
likely  to  u!  uu  ndy  locally  important.  In  view 
of  the  local  medicinal  uses  and  interesting 
properties  of  lis  close  relatives,  pharmacologi- 
cal research  is  desirable.  As  an  annual  orna- 
ment al  it  has  a  bri^t  fiiture  in  temperate  re- 
gions. 

Major  referenoea  Jef&ey,  C,  1997;  Lisow- 

ski,  S.,  1997;  Rufib,  C.K.,  Bimie,  A.  &  Tengnas, 

B.,  2002. 

Other  references  Burkill,  H.M.,  1985; 
Hind,  D.J.N.,  Jefi&ey,  C.  &  Scott,  A.J.,  1993; 

Huxley   A  .  1992b:  Kokwaro.  J.O..  199.3:  Olo- 
rode,  U.,  1973;  Watt,  J.M.  &  Breyer-Brandwijk, 
M.G.,  1962;  Williamson,  J.,  1955;  Yuyu  Sur^ 
yasan  Poerba.  2003. 
Authors  C.H.  Bosch 

Emiua  usowskiana  C.  Jeffrey 

Protologue  Kew  Bull.  52(1):  208  (1997). 
Family  Asteraoeae  (Compositae) 
Chromosome  munber  2n  -  U) 
Synonyms  Emilia  coccinea  aucl.  non  (Sims) 
G.Don. 

Origin  and  geographic  distribution  Eniilia 
lisouskiana  occurs  naturally  in  Sierra  Leone, 
Liberia,  Cote  d'lvoire,  Ghana,  Togo,  Nigeria, 

Cameroon  Equatorial  Guinea,  Central  African 
Republic,  DK  f'ongo  Zambia  and  /Vnpola,  and 
18  doubtfully  i-eported  for  Guinea,  Sudan  and 
Uganda. 

Uses  In  West  Africa  and  DR  Congo  the 
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leaves  are  occasionally  eaten  as  a  vegetable, 
either  fresh  in  salads  or  cooked.  In  Nigeria, 
Cameroon  jnni  <'.)il)nn  thi>  leaves  are  used  to 
treat  eye  disorders,  and  iilst)  fihtrinsis.  In  Ga- 
bon the  macerated  leaves  are  used  to  treat 
heart  problems  and  crushed  leaves  mixed  with 
copper  filings  are  used  to  dress  ulcers.  In  Nige- 
ria a  leaf  decoction  is  used  as  a  febrifuge.  In 
Congo  the  leaf  sap  is  used  to  treat  all  kinds  of 
skin  troubles  (breast  aboesses,  ulcers  caused  by 
yaws,  leprous  affections),  as  well  as  npainst 
mange,  lice  and  ringworm.  Hernia,  backache, 
qrphilis,  gonorrhoea,  sore  throat,  convulsions, 
cnhirtjcd  splicn.  vertigo,  epilepsy  and  men- 
strual problems  are  all  recorded  as  being 
treated  traditionally  with  Emilia  lisoivakiana. 
Laxative  and  anti-abortifacient  properties  are 
also  attributed  to  Eniilia  llsonsl-iniiu .  Thv 
plants  serve  as  fodder  loj-  rabbits  and  guinea 
pigs  in  Gabon. 

Properties  The  cmnposition  of  fn  sh  lenvos 
per  100  g  edible  portion  is:  water  TU.O  g,  energy 
268  kJ  (64  kcal),  protehn  3.2  g,  fat  0,7  g,  carbo- 
hydrate 14,0  g,  fibre  19  g,  Ca  2G0  mg  and  P  52 
mg  (Leung  W.-T.W.,  Busson.  F.  &  Jardin.  C. 
1UG8),  Toxic  pyrrulyzidine  alkaloids  and  fla- 
vonoids  have  been  isolated  from  other  BntiUa 

species.  Fresh  loaf  jiiirc  nicthanolic  and  aque- 
ous extracts  of  Emilia  aonclufolia  (L.)  DC.  and 
Emilia  prenamlhoidea  DC.  have  shown  antim- 
icrobial, antioxidant  and  anti-inflammatoiy 

art  i\-it  irs 

Botany  Erect  annual  herb  up  to  90  cm  tall; 
stem  glabrous  to  slightly  pubescent.  Leaves 
nltoinate.  simple;  lower  leaves  shortly  iietio- 
late,  petiole  winged,  blade  spatulate  to  elUpti- 
cal,  c.  3.6  cm  X  3  cm;  median  and  higher  leaves 
sessile,  blade  ovate  or  sometimes  lyrate,  up  to  9 
cm  X  (5  cm.  Inflorescence  a  terminal  discoid 
head,  2—1  together  in  corymbs,  12-16-flowered; 
invohicral  bracts  12-10.  nowm  biswcual, 
repxilnr  .T-meroiis:  rnrolla  tubular.  7-8(— 10) 
mm  long,  orange-yellow  to  orange;  stamens 
with  cohering  anthers  forming  a  tube;  ovaiy 
inferior,  1 -celled,  style-arms  apically  truncate. 
Fruit  an  achene  2  mm  long,  shortly  haixy;  pap- 
pus G  ram  long. 

Emilia  comprises  about  100  species  and  is  in- 
digenous in  the  Hid  World  tropics,  .\bout  ^0 
species  are  found  m  Africa,  and  several  of  these 
have  become  naturalized  in  the  Americas. 
Emilia  is  closely  related  to  Senecio  \'egeta- 
tively  it  resembles  species  of  Snnrhiis  but  it  can 
be  distmguished  by  its  solid  stems  and  the 
absence  of  milky  sap.  EmUia  Uaowskiana  and 
Emilia  praetermiaaa  Milne-Redh.  have  often 


been  misidentificd  ns  Em  ilia  cwrcinea  (Sims) 
G.Don,  and  uses,  properties  and  chromosome 
numbers  reported  for  Emilia  coccinea  often 
refer  to  either  of  these  2  rt'lateii  species.  The 
ranges  of  Emilia  lisou  skiana  and  Emilia  coc- 
cinea overlap  in  DR  Congo,  Angola  and  Zam- 
bia, but  are  separated  ecoloi;ically  Emilia 
praetermissa  occurs  within  the  range  of  Emilia 
liaowskiana.  EmiHa  praetermiaaa  has  similar 
uses  as  Emilia  li.soii  .•ihiana  from  whicfa  it  can 
be  distingiiished  by  the  pale  (white  or  mauve 
with  pLnliish  tinge)  corolla  and  by  less  (c.  10) 
involucral  bracts.  Emilia  praetermiaaa  appears 
to  be  tetraploid  and  is  found  in  unshaded  lo- 
cahties. 

Ecology  Emilia  KaowMana  occurs  in  dense, 
usually  secondary'  forest,  forest  margins  and 
plantations  (e.g.  banana,  oil  palm)  up  to  1700 
m  altitude. 

Management  EmUia  Usoivakiana  is  consid- 
ered an  obnoxious  weed  in  pineapple  planta- 
tions as  it  is  an  alternative  host  of  the  nema- 
tode Pratylenckua  hraehyimta. 

Genetic  resources  and  breeding  EmUia 
tison  shiaiia  is  widespread  and  common,  and  is 
not  threatened  by  genetic  erosion. 

Prospects  As  a  vegetable  Emilia 
li.Hoii  .■ihiaiia  is  likely  to  remain  only  locally 
important.  In  v  iew  of  the  local  medicinal  uses 
and  interesting  propert  ies  of  its  close  relatives, 

pharmac-oiogicnl  research  is  desirable. 

Major  references  Busson.  F..  1905;  Gnon- 
houri  Goly,  B,  &  Tehe,  H.,  1997;  Jeffrey,  C, 
1997;  Usowski,  S.,  1990;  Lisowski,  S.,  1997. 

Other  references  Burkdl  II. M.  1985:  Gill, 
L.S.  &  Omoigui,  J.D.,  1987;  Leung,  W.-T.W.. 
Busson,  F.  &  Jardin.  C,  1968;  Morton,  J.K., 
1993;  Olorode,  O.,  197:{;  Raponda-Walker.  A.  & 
Sillnns  R   IHGl;  Yuyu  Suiyasari  Poerba,  2003. 

Authors  C.H.  Bosch 

ERUCA  VESlCiVRLV  (L.)  Cav. 

Protologue  Descr.  pi.:  426  (1802). 

Family  BrassicacN-ae  (CrLi'  iferae) 

Chromosome  number  2/i  =  'SJ, 

Synonyms  Eruca  aativa  Mill.  (1768). 

Vernacular  names  Garden  nxlNcf  rocket 
salad,  rucola,  arugula  (£n).  Koquette  (Fr). 
Eruca,  rucola  (Po). 

Origin  and  geographic  distaribution  Eruea 
veaicaria  originated  in  the  Mediterranean  re- 
gion and  western  Asia  extending  as  far  as  Af- 
ghanistan, where  it  is  still  a  fairly  common 
wild  plant.  Its  distribution  is  e]q;>anding 
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Emea  veaiearia  -  planted 

through  escapes  from  cultivation  and  it  can 

now  l)f  founH  ns  nn  ormsionnl  wood  in  wostom 
and  central  Europe,  western  and  central  Asia, 
North  America  and  Australia,  and  also  in 
tropical  Africa  (e.g.  Ethiopui.  Zimbabwe)  and 
South  Afrira  rultivation  probably  staitod  in 
northern  Alrica  and  the  eastern  Mediterranean 
region  and  later  extended  into  the  Sahel  re- 

pion.  A  sornnd  ropion  whoro  the  cult ivaf ion  of 
garden  rocket  has  a  long  histor}i'  extends  irom 
western  and  central  Asia  to  northern  India. 
Currontly.  pardon  rocket  is  cultivated  all 
around  the  world,  hut  romnin>;  most  important 
in  the  Mediterranean  region,  in  ..Ai'nca  it  is 
grown  throughout  the  Sahel  region,  firom  Mau- 
ritania  in  tht-  west  to  Ethiopia  and  Kritrea  in 
the  east.  It  is  especially  popular  m  Sudan. 

Uses  Garden  rocket  is  an  ancient  crop  re- 
vered by  the  ancient  Greeks,  who  used  both  the 
sood  oil  nnd  thc>  loaves  for  Ihoir  allogrd  aphro- 
disiac properties,  it  is  also  an  ancient  crop  in 
A^hanistan,  Pakistan  and  northern  India 
whoro  it  is  primarily  grown  for  its  oil  called 
Jamba  oil'  or  taramira  oil'.  In  the  Mediterra- 
nean region  it  developed  into  a  salad  vegetable. 
The  taste  of  the  leaven  resembles  that  of  wa- 
tcrcrt'ss.  being  similarly  sharp  with  a  mustard- 
hke  pungency.  Young,  fresh  leaves  that  are  not 
too  pungent  are  becoming  increasingly  popular 
in  western  cuisino  and  nro  ronsumrd  raw  in 
green  salads.  They  are  often  added  steamed  or 
raw  to  Italian  dishes  and  pizzas.  In  Arab  coun- 
tries pieces  of  meat  served  with  rockot  |.  (  ^ 
form  a  popular  dish;  those  lonvos.  locally  callod 
'gargeer^,  are  generally  more  mature  and  there- 
fore sharper  than  the  ones  eaten  in  salads  in 
Europe.  Older  leaves  and  seeds  are  used  as  a 


condiment  and  mature  leaves  can  be  cooked  or 
utilized  in  sauces.  .Another  vegetable  use  is  as 
'rocket  sprouts .  whereby  the  young  seedlings 
are  cut  when  the  cotyledons  are  fully  opened  or 
when  the  first  pair  of  true  leaves  is  present.  In 
Africa  garden  rocket  is  used  as  a  vegetable,  a 
condiment  and  as  an  oil  crop. 
Garden  rocket  is  used  as  a  medicinal  plant 
against  eye  infections  and  to  treat  digestive 
and  kidney  problems.  It  is  considered  an  excel- 
lent stomachic  nnd  stimidnnf  and  is  ;ils<i  used 
as  a  diuretic  aiid  antiscorbutic.  The  leaves  are 
used  as  a  rubefacient  on  the  skin.  Garden 
rocket  has  always  been  considered  a  potent 
aphrodisiac  and  people  in  the  Mediterranean 
region  atiU  use  it  as  audi.  Its  oil  can  be  used  kx 
massage  and  for  soothing  the  skin.  Garden 
rocket  can  cause  burning  reactions. 
Hie  seed  oil  has  a  high  erucic  acid  content  and 
is  used  as  an  industrial  oil  for  lubrication  and 
illumination.  The  soods  art^  also  used  to  pro- 
duce a  kind  of  mustard.  Taramira  oil  and 
jamba  oil  are  still  used  in  India  for  pickling.  Its 
use  as  a  salad  or  cooking  oil  is  limited  because 
of  its  initial  acridity:  the  acridity  disappears 
after  storage  fur  6  months  and  the  oil  can  then 
be  used  for  cooking  purposes.  The  leaves  and 

croj)  rosidiH's  are  fed  to  camels  caltlo  and 
sheep,  and  the  cake  remammg  after  oil  e.\trac- 
tion  is  also  used  to  feed  livestock. 

Fkodnctioii  and  international  tends  Gardoi 
rocket  is  popular  in  tho  .Moditorrnnoan  region 
and  Sudan,  and  in  Sudan  alone  thei-e  is  about 
3000  ha  of  year-round  cultivation  under  irriga- 
tion  mainly  for  the  leaves.  No  statistics  on 
growmg  areas  are  avaUable  for  other  Sahel 
countries.  Garden  rodcet  is  traded  in  local 
markets  throughout  northern  Africa.  Ii  i-  be- 
coming incrrnsinglj'  important  as  a  salad  <  rop 
in  western  Europe  and  the  L  nited  States,  but 
statistics  on  production  are  not  available. 

Properties  Tho  composition  of  frosh  pardon 
rocket  leaves  per  100  g  edible  portion  is:  water 
91.8  g,  energy  88  kJ  (21  kcal),  protein  2.7  g,  fat 
0.2  g,  carbohydrate  3.7  p.  fibiv  0.9  g,  Ca  352 
mg  r  1<;  mp  Fe  0.8  mg  (Leunp  W.-T.W.,  Bus- 
son,  V.  &  Jardin,  C,  1968).  The  vitamin  A  con- 
tent is  4770  lU. 

Tho  loavos  contain  gluoosinolates,  of  which  4- 
mercaptobutyl  gluoosinolate  is  the  most  impor- 
tant; 4-methylthiobutyl  gluoosinolate  and  4- 
inethylsulfinylbutyl  glucosinolate  are  present 
nt  lower  concentrations.  These  compounds  con- 
tribute to  the  unique  odour  and  flavour  of  gar- 
den rocket.  Gluoosinolates  are  becoming  in- 
creasingly important  as  flavour  precursors, 
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cancer  prevention  aRonts  and  crop  protect  ants. 
The  seed  oil  is  rich  in  erucic  acid  and  gadoleic 
acid,  contamuig  33-15%  and  7.3-9.8%,  respec- 
tively. The  seeds  nisn  iont;iin  <;Iui'nsin<ilate8. 
Tests  showed  amehoration  of  alloxan-induoed 
diabetes  mellitus  and  oxidative  stress  in  rats 
by  (Inily  nvnl  ;i<lniinist  ration  of  the  seed  oil. 

Adulterations  and  substitutes  As  a  spicy 
vegetable,  garden  rodcet  can  be  replaced  by 
watt  rcrcss  (Naslurliiim  officinale  R.Rr.),  rad- 
ish (Fiipliitinis  .-iafinis  L.)  and  tn  n  lossrr  ox- 
tent  by  leaf  mustard  (Bmssica  juncea  {L.) 
Czem.)  emd  white  mustard  (Sinapis  tdba  L.). 
In  North  Africa  and  Europe,  it  is  frequently 
r^laced  by  other  species  that  are  also  called 
nx^et  and  especially  by  Diplotaxia  tmtiifalia 
(L.)  DC.  which  is  generally  milder  in  taste.  As 
an  oil  seed  or  mustartl  crop  it  can  be  replaced 
by  several  Brujisicu  species. 

Deseription  Erect  annual  herb  up  to  80(— 

100)  cm  tall,  hranchcd:  stem  plabroiis  or 
sparsely  covered  with  rough  hairs.  Leaves  al- 
ternate, petiolate  (upper  ones  almost  sessile), 
l\  I  iite-pinnatifid,  up  to  12  cm  x  4  cm,  irregu- 
larl\  serrate  Inflorescence  a  terminal  raceme 
without  bracts.  Flowers  bisexual,  regular,  4- 
merous;  sepals  free,  erect,  c.  1  cm  long;  petals 


Eiuca  l  esicaria  -  1,  plant  habit;  2,  flower  in 

longitudinal  aeetioti;  3,  fruit. 

Redrawn  and  adapted  by  Iskak  Syamsudm 


free,  spatulate,  distmctly  clawed,  up  to  2  cm  x 
1  cm,  white  to  pale  yellow  or  pale  violet  with 
violet  veins:  stamens  6,  free:  ovary  superior, 
elnntr.'ttc  2-c('lled.  style  simjilc  Fruit  an  ellip- 
soid silique  up  to  1  cm  long,  with  a  distmct.  Hat 
beak,  longitudinally  dehiscent,  many-seeded. 
Seeds  1.5-2.6  mm  Ion sinr.r>ih  hrownish. 

Other  botanical  information  Eruca  com- 
prises about  5  species  and  is  native  to  the 
Mediterran<>an  region  and  western  .Asia.  Two 
subspecies  of  Emm  vfsicttrid  are  distin- 
guished: subsp.  l  esicaria  with  persistent  sepals 
all  pouched,  and  subsp.  saliva  (Mill.)  'Hiell. 
with  caducx)us  sepals  of  which  only  the  outer 
two  are  pouched.  The  latter  is  often  considered 
to  represent  a  distinct  spedea:  Emea  aatuM 
Mill.  The  leafy  vegetable  belongs  to  sub^.  aa- 
til  a. 

Growth  and  development  Germination 
takes  about  1  day  at  26*C,  2—3  days  at  tower 

temperatures.  The  first  harvest  of  rosette 
leaves  may  start  .3-1  weeks  after  germination. 
Garden  rodcet  may  i^roduce  flowers  as  early  as 
one  mcmth  after  planting  and  seeds  can  be  col- 
lected soon  thereafter.  Types  grown  specifically 
fur  their  leaves  usually  flower  about  three 
weeks  later  than  those  grown  for  their  oil 

seeds. 

Elcology  (Jarden  rocket  grows  spontaneously 
in  distuirbed  localities  including  abandoned 

gardens  and  roadsides.  It  [irefcrs  a  hot,  drj' 
climate  and  full  sun.  It  is  a  hardy  plant  which 
requires  httle  care.  Under  favourable  climatic 
conditions  it  can  be  grown  on  almost  any  type 
of  soil,  but  it  prefers  sandy  and  sandy-loam 
soils.  Garden  rocket  tolerates  salt  reasonably 
well. 

Propagation  and  planting  The  seeds  are 

sown  on  raised  beds  in  shallow  furrows  spaced 
at  15-22  cm  or  seeds  are  broadcast  directly  in 
the  field.  A  dmsity  of  100  plants/m'  was  fbimd 
to  give  the  highest  yield  hut  in  Italy  densities 
of  up  to  300  plants/m-  are  used.  The  seed  re- 
quirement is  about  20  kg/ha  for  row  planting 
and  50-80  kg/ha  when  broadcast.  For  <iil  pro- 
duction witler  spacings  and  correspondingly 
lower  seed  rates  are  used.  In  the  subtropics 
sowing  takes  place  in  late  winter  or  early 
spring,  during  cool  hut  mild  weather  in  moist, 
fertile  soil.  To  encourage  emergence,  the  seed  is 
covered  with  1^  cm  of  light,  sieved  soil. 

Management  Although  garden  rocket  is 
fairly  tolerant  of  salt,  the  high  salt  K  vel  often 
found  m  the  top  layers  of  desert  soils  has  a 
negative  impact  on  germination  and  further 
growth.  Some  farmers  therefore  first  irrigate 
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their  land  to  lenrh  out  exrossivo  snlts  from  the 
top  soil.  Subsequently  irriRation  should  be  ap- 
plied regularly  at  short  intervals  of  3-4  days. 
Once  established,  garden  rocki-t  reijuiri's  little 
irngation.  Because  of  the  fast  early  growth 
only  light  weeding  is  needed.  It  is  recom- 
mended thiit  <irt,';rnic  mnnure  be  us<mI  ;it  ;»  rate 
of  25-60  t/ha  during  land prepu ration  and  that 
urea  be  added  at  a  rate  of  100  k|;,'ha  3  weeks 
after  planting.  Nitrogen  frrlilizing  and  shading 
result  in  mnro  tender  leaves  with  a  milder 
taste,  l-ertihzer  recommendations  for  garden 
rodcet  grown  as  an  oil  crop  are  lower. 

Diseases  and  pests  Garden  rocket  is  ven,' 
susceptible  to  club  root  (I'lasmodiophom  braa- 
aieae).  Powdery  mildew  (Eiysiphe  eiehoraeea' 
mm)  is  one  nfthi'  IV  u  mlii-r  diseases  that  afGect 
garden  rocket.  Klea  beetles  {Pliyllotivta  cni- 
ciferae)  often  gnaw  small  holes  in  the  foliage 
and  it  is  therefore  important  to  observe  a 

proper  rrop  rotation.  Ofber  pests  affectinp  Lrar- 
den  rocket  are  thrips  (Caliothrips  spp.)  and 
jassids  (Empoaaca  lybica). 

Harvestiiig  Harveating  staii-  -'.-G  weeks 
after  sowing  when  young,  tender  leaves  and 
shoots  are  picked.  The  bottom  set  of  leaves 
should  be  left  to  allow  new  shoots  to  regener- 

ate.  If  c-iit  too  low  the  plant  is  killed.  .\  total  of 
2-3  cuts  are  usually  made  before  the  plant 
starts  flowering  and  no  further  leaf  harvests 
are  possible.  Farmers  usually  leave  their 
plants  in  the  field  to  produce  seed  for  the  next 
season's  crop. 

Yield  A  good  yield  of  leaves  is  12-16  t/ha, 
most  of  whii'h  is  collected  from  the  first  har- 
vest. In  India  seed  yields  range  from  360-1000 
kg/ha. 

Handling  after  harvest  Leaves  can  be 
stored  in  plastic  boxes  for  2—3  days  at  0°(/. 

Genetic  resources  Many  landraces  exist, 
allowing  ample  scope  for  selection.  The  largest 
collections  of  Fnirn  germplasm  arc  maintained 
at  the  Institute  of  Germplasm  m  Bari,  Italy,  at 
NBPGR,  New  Delhi  and  Haiyana  Agricultural 
University  in  India,  and  at  the  N.I.  Vavilov  All- 
Rusaian  Scientific  Research  Institute  of  Plant 
Industry  in  I'elersburg,  Russia.  In  1985,  25 
samples  of  germplasm  of  Eruea  uestcanb  were 

collected  in  nrirth-castem  Surl.-in. 

Breeding  A  wide  variability  has  been  ob- 
served with  regard  to  erucic  acid  and  gluoosi- 
nolate  contents.  However,  the  development  of 
ciiltivnrs  with  a  low  glucosinolnte  content  does 
not  appear  to  be  an  improvement  objective 
since  it  would  diminish  the  diaracteristic  fla- 
vour. Attempts  have  been  made  to  use  Eruea 


vesicaria  as  a  genetic  resource  for  improving 
other  cioicifers.  In  this  way,  intergeneric  hy- 
brids have  been  obtainr.j  w  ith  I'n/ihainis  mU- 
vii.H  L,.  Brdnsica  ntpn  L,  and  I'nissica  ulcraci'n 
L.  Somatic  hybrids  have  been  obtained  tlvrough 
the  fusion  of  protoplasts  with  Brastiea  napus 
L  and  Brassint  juncea  (L.)  Czern.  There  are 
types  of  garden  rocket  which  are  resistant  to 
mustard  aphid  and  can  tolerate  several  sorts  of 
stress  ooaditions  as  well  as  Fuaarium  ar- 
,v.«(poriwi». 

Prospects  Garden  rocket  is  a  nutritious 
vegetable  and  althou^  not  everybody  appreci- 
ates its  characteristic  pungent  flavour  more 
attention  siiould  be  given  to  its  production  and 
improvemeait.  Sufficient  genetic  variation  fflc- 
ists  to  be  able  to  modify  its  taste.  It  also  de- 
serves further  testing  as  an  oil  seed  crop  for 
Sahel  countries  and  other  droughl-prone  re- 
gions since  it  tolerates  low  rainfall  conditions. 

Major  references  .Andrews,  F.W.,  1950; 
Broun,  A.F.  &  Massey,  R.E.,  1929;  Burkill, 
H.M.,  1994;  Jonsell,  B.,  2000;  Nuez.  P.  & 
Hernandez  Bermejo.  J  E..  1994:  Padulosi.  S.  & 
Pignone.  D.  199G:  Schippers.  R.R.,  2002a; 
Yaniv,  Z.,  Schafferman,  D.  &  Amar,  Z.,  1998. 

Other  references  Bennett,  R.N.  et  al., 

2002-  Riirsistallcr  H.  Mamoiin  Rcshir  Mo- 
hamed  &  Mahmuud  S.  Hassan,  1984;  Edwards, 
S.B.,  1991;  El  Missirj  ,  M  A.  &  El  Gindy,  A.M., 
2000;  Exell,  A.W..  19()():  -lansen,  P.C.M.,  1999; 
Leung,  W.-TAV.,  Buss.»n  F,  &  Jardin,  C.  1968; 
Marais,  W.,  1970;  Rich,  C.G.,  1991;  Zeven,  A.C. 
&  Zhukovsky,  P.M.,  1976. 

Sources  of  illustration  Gomez-Gampo,  C., 
1993;  Coste,  il.,  1901. 

Authors  H.S.  Ibn  Oaf 


ERUCA.STRUM  .NiiABICU.M  Fisch.  &  CA.Mey. 

Protologne  Index  sem.  hort.  petoop.  5:  35 

(1839). 

Family  Brassicaceae  (Grudferae) 
Chromosome  nnmbra  2tt  =  14,  16,  30,  32 

Synonyms  Pnrssiro  schimprri  Poiss  (1842). 

Vernacular  names  ijlhiopian  i\uie  (I'^n). 

Origin  and  geographic  distribution  Erucas- 
tnnti  nrahiciim  possibly  originates  from  mon- 
tane eastern  Africa,  but  is  now  found  from  Su- 
dan to  Arabia,  throu^out  eastern  and  central 
All  II  .1  to  Botswana  and  Namibia.  It  is  also  an 
introduced  weed  in  many  other  regions  of  the 
world. 

Uses  Emcastntm  arabicum  is  a  leafy  vege- 
table collected  from  the  wild.  Its  above-ground 
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parts  are  chopped  and  boiled  in  salty  water  for 
about  one  hour,  and  eaten  as  a  vegetable  in 
sauoe  or  soup.  Tin*  .\>>ung  leaves  can  also  be 
eaten  mw  as  salad.  In  some  areas  it  is  consid- 
ered  a  typical  famine  food,  in  other  areas  as  a 
normal  wild  vegetable.  It  is  also  grazed  by  do- 
mestic stock.  Ill  Kthidpiii  thi-  seed  is  occasion- 
ally sold  on  local  markets  with  the  same  ver- 
nacular name  as  Braanea  eariiuUa  A.Br. 
Cmeshisha'),  which  is  a  his^Uy  appreciated 
vegetable  and  which  has  a  useful  seed  oil  for 
burning,  cooking  (after  refining)  and  tradi- 
tional medicine.  This  suggests  that  Erueaatmm 
arcd>icain  seeds  are  occasionally  used  for  the 
same  purposes. 

Properties  In  Ethiopia  it  is  believed  by 
some  that  eating  Enica.'<tniiii  anibicuiii  can 
have  side  effects  such  as  drowsiness  and  drying 
of  the  skin.  The  seed  contains  about  35%  oil 
with  as  major  fatty  acids  erucic  acid,  linoleic 

ar  il]  .iml  linolenic  acid. 

Botany  Annual  herb  up  to  1  m  tall,  branch- 
ed or  tmbranched,  sparsely  hispid  on  stem  and 
leaves.  Leaves  alternate,  simple,  lower  leaves 
largest  and  with  short  petiole  upper  leaves 
sessile,  smaller  and  less  divided;  blade  spatu- 
late  to  lyrate-pinnatifid,  up  to  18  cm  K  6  cm, 

t(M-minal  lol)e  larf^c  and  rounded,  lat(  i-,il  lobes 
up  to  4  pairs  and  triangular  to  oblong,  margms 
irregularly  dentate,  sinuate  or  slightly  uneven. 
Inflorescence  a  terminal,  dense  raceme,  in  fruit 
!a\  and  op  tn  10  cm  long.  Flowers  bisexual, 
regular,  i-merous;  pedicel  slender,  ascending, 
up  to  2  cm  long;  sepals  oblong,  c.  3  mm  long; 
petals  spatulate  tf>  almost  clawed  with  oljlong 
blade,  3.5-6  mm  x  2  mm.  yellow:  stamens  6,  4 
longer  ones  c.  6  mm  long;  ov^n  v  superior,  cylin- 
drical, 2-celled,  style  short.,  stigma  semiglobose. 
Fruit  a  straight  silique  I.5-.5  cm  x  1..5  mm, 
with  up  to  1.5  mm  long  beak,  dehiscent  with  2 
valves*  Seeds  ellipsoid,  c.  1  mm  long,  brown, 

smooth  to  finrly  reticulate. 

Emeastmm  comprises  about  20  species  and  is 
distributed  in  Africa,  Arabia  and  Ehirope.  In 
Africa  5  s]>e<  i(  s  occur.  Emeaatnun  arabieum  is 
often  confused  with  some  Brasslca  ccainota 
types,  which  however,  have  wider  Iruits. 

Etcology  Eructtalmm  arabieum  grows  in 
disturbed  localities  in  upland  forest  and  as  a 
weed  m  cultivated  land,  from  sea -level  up  to 
2500  m  altitude,  but  it  is  most  common  at 
1500-2000  m. 

Genetic  resources  and  breeding  Emeas- 
tmm aixibicum  is  widespread  and  not  m  dan- 
ger of  genetic  erosion.  Several  Bmssica  gene- 
banks  have  a  few  accessions  of  Erueaatmm 


arabieum.  Because  it  spread  widely  as  a  weed 
it  is  now  the  most  common  crucifer  in  eastern 
Africa.  Its  variability  is  largely  explained  by 
(liffi  rent  growing  conditions. 

Prospects  Eincaslruin  arabieum  will  re- 
main of  importance  locally  as  a  wild  vegetable, 
certainly  in  times  of  food  scarcity  Us  nutri- 
tional composition  and  chemical  properties 
need  research. 

Major  references  fIons(>ll  B.,  1982b; 
Maundu  P.M.,  Xgugi  '  '..W.  &  Knbuye,  C.H.S., 
1999;  Robyns,  VV.  &  Boutique,  K.,  1951;  Seege- 
ler,  C.J.P.,  1983;  Westphal,  B.,  1975. 

Other  references  Chweya.  J. A,.  1985:  Ex- 
ell,  A.W..  1960;  Jonsell,  O.,  2000;  Katende. 
A.B.,  Ssegawa,  P.  &  Bimie,  A.,  1999;  Marai% 
W..  1970:  SchipiK  i  s  I^R.,  2000. 

Authors  P.C.M.  Jansen 


Bbtthrooocca  iQRKn  (MaU.Arg.)  Prain 

Protologne  Ann.  Bot.  25: 609  (191 1). 
Family  Euphorbiaoeae 

Synonyms  Claoxyloii  hirhii  MUll.Arg. 
(18(i4),  Krylhrucocca  initio  Pax  (1895). 

Origin  and  geacKaphio  disMbutioii  Eryth- 
Tvcorra  hirhii  is  found  in  Kenya,  Tanzania  and 
Mozambique. 

Uses  hi.  Tanzania  and  occasionally  in  Kenya 
diopped  leaves  of  Erytlnococca  kirkii  are  eaten 
cooked  as  a  vegef-ihlc  nloiK'  or  in  a  mixture  with 
pounded  groundnuts,  cocunui  milli  or  other 
vegetables,  and  served  with  a  staple  food.  Ripe 
fruits  art^  eaten  raw.  The  leaves  am  •■ilso  used  for 
fodiier  and  the  wood  tor  &rewoud.  Uccasionally, 
( he  ])lant  is  cultivated  as  an  ornamental. 

Properties  The  composition  of  Erythrocneca 
hirhii  leaves  is  not  known.  Fresh  leaves  of 
Erylhrococca  bongensis  Pax  (from  Central  and 
East  Africa)  contain  per  100  g:  water  68  g,  pro- 
tein 7.2  g  f.it  'J  7  ^  carbohydrate  18  .5  g  fibre 
4.3  g,  Ca  678  mg  and  P  107  mg  (Leung,  W.- 
T.W.,  Busson,  F.  &  Jardin,  C.  1968). 

Botany  Dioecious,  much-branched,  strag- 
glini;  or  erect  shrub  up  to  15  m  tidl  with  rough 
bark.  Leaves  alternate,  simple;  stipules 
broadly  triangular;  petiole  0.5-2.6  cm  long, 

purplish;  blade  ovate  to  elliptical,  5-15  cm  2- 
8  cm,  base  cvmeate,  apex  acuminate,  margin 
crenate,  almost  glabrous,  green,  purplish 
tinged  when  young.  Inflorescence  a  subsessile 
glomenile  12  cm  long,  female  ones  fewer  flow- 
ered than  male  ones.  Flowers  unisexual,  regu- 
lar, small,  petals  absent;  male  flowers  with 
pedicel  a  1  cm  long,  3  triangular,  green-white 
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calyx  lobrs  c.  1  mm  long,  nn  annular  disk  and 
usually'  8  stamens;  female  flo%vers  with  pedicel 
3—4  mm  long,  calyx  lobes  smaller  than  in  male, 
yellow  ^  scalo-like  disk  !^l:inds  and  3-loht'd 
superior  ovaiy  crowned  by  .j  Tree  styles.  Fruit  a 
3-lobed  capsule,  breaking  into  3  globular,  1' 
seeded  parts  3-4  mm  in  diameter  each.  Seeds 
subglobose,  3  mm  in  diameter,  with  yellow, 
orange  or  red  aril. 

Eryllirococra  romprist^s  about  50  species  and  is 
confined  to  Africa.  The-  leaves  of  some  other 
species  are  also  occasionally  used  as  a  vegeta- 
ble: Erythrococea  afrieana  (BaiU.)  Prain  in  Be- 
nin. Erythmcncca  aliovireiis  (Pax)  Prain  in  DR 
Congo,  EiyUiixtcocca  chevaUeri  (Beilie)  Prain 
and  Erythrococea  welwitaehiana  (MQll.Arg.) 
Pax  &  K.HotTm.  in  Congo,  and  Erythi-ococca 
meiiyhaiihii  (Pax)  Pram  iii  southern  Alrica. 
They  are  not  treated  separately  in  PROTA. 

Ecology  Erythrococea  kifitii  grows  in  forest 
edges  nnd  roast nl  bushland  or  thicket,  inland 
mostly  along  nvers  and  lakesides,  up  to  1250 
m  altitude. 

Management  In  Tanzania  the  l>  im  s  m* 
collected  from  the  wild  in  Februar\^June  and 
sold  fresh  on  local  markets.  They  are  not 
stored.  Erythrococea  kirkii  is  not  cultivated  or 

protected  Init  it  can  he  prii[i  ;!.:-il  i!  by  seed. 

Genetic  resources  and  breeding  Erythro- 
cocea kirkii  is  widespread  and  locally  common, 
and  not  in  danger  of  genetic  erosion. 

Prospects  Erythrnrncm  fnrJiii  is  a  wild 
vegetable  m  parts  of  East  .Africa  which  merits 
more  attention  because  it  has  harvestable 

leaves  for  ennsiderable  periods  nf  the  year.  Its 
nutritional  value  requires  mvestigation. 

BCajor  references  Raddiffe-Smith,  A.,  1987; 
Radcliffe-Smith.  A  .  1996;  Ruffo,  C.K.,  Bimie. 
A  &  Tengniis,  P.  •Jun-J. 

Other  references  Beentje,  H.J.,  1991b; 
Govaerts,  R.,  Fkodin,  D.G.  &  Raddifie-Smith, 
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GaLINSOC!A  I'AKVII  LOKA  Cav. 

Protologue  Iron.  ;?f2):  11  (17!>r;). 

Family  Asteraoeae  (Compositae) 

Chromosome  number  2»  =  16 

Vernacular  names  Grallant  soldier,  chick- 
weed,  smallflower  galinsoga  quickweed  (En). 
Galinsoga  a  petites  fleurs,  piquant  blanc  (Fr). 
Eb?va  da  moda,  picSo  branoo  (Po).  Msekeseke 
(Sw). 


Origin  and  geographic  distribution  Galin- 
soga pan  ipora  originates  from  Central  Amer* 
ica.  It  has  been  introduced  elsewhere  and  it 
can  be  fiiund  in  lioth  temvierate  and  tropical 
regions.  In  tropical  Africa  it  is  widespread  and 
has  been  collected  in  Cape  Verde,  c^itral,  east' 
em  and  southern  Africa,  and  the  Indian  Ocean 
islands. 

Uses  People  in  Uganda,  Tanzania,  Malawi, 

Zambia,  Zimbabwe  and  possibly  elsewhere  in 
Africa  collect  gallant  soldier  when  weeding 
their  crops.  The  young  stems  and  leaves  are 
cooked  and  eaten  as  a  vegetable  but  flower- 
heads  and  buds  are  usually  removed  f'allant 
soldier  is  also  eaten  as  a  vegetable  in  South- 
East  Asia,  hi  South  AmancB  the  dried  leaves 
Cguascas')  are  an  essential  flavouring  for  cer- 
tain dishes. 

Gallant  soldier  is  used  for  the  treatment  of 
nettle  stings  and  similar  skin  inflammation  by 

rubbing  the  afferliHl  skin  with  the  len\fs.  The 
leaves  are  used  for  wound  dressing  in  Ethiopia. 
The  plant  is  grazed  by  livestock  and  used  as  a 
:  '  '  i  l  or  chicken.  ral)lMts  and  pigs. 

Properties  The  leaves  of  gallant  soldier 
contam  per  100  g  edible  portion:  water  88.4  g, 
energy  663  kJ  (156  keal),  protehi  3.2  g,  fat  0.4 

g  carbohydrate  ."  i'  <r,  Tibre  1.1  g,  Cn  2H  \  mg 
Mg  60  mg,  P  58  mg,  l''e  5.3  mg,  Zn  1.3  mg,  caro- 
tene 4  mg,  thiamin  0.08  mg,  riboflavin  0.21  n^, 
niacin  1.21  mg,  a.scnrbic  acid  6.7  mg  (Wriimei- 
jer,  A.S.  &  Rose,  R.F.  1983). 
Tests  of  the  plant  for  antibacterial  and  msecti- 
ctdal  activities  have  given  negative  results,  but 
it  had  strong  cardiovascular  effects. 

Botany  Annual  plant  with  erect  to  ascend- 
ing stems,  20-60(-120)  cm  tall,  glabrous  or 
sparsely  pubescent.  L(>avc\s  opposite,  simple; 
petiole  2-1.5  mm  long:  blade  ovate  or  ovate- 
oblong,  1-6.5  cm  X  0.5—4.5  cm,  margin  shal- 
lowly  serrate.  Inflorescence  a  terminal  or  axfl- 
laiy  head  often  in  pairs  involucral  bracts  in  2 
rows,  glabrous,  pales  present,  trifid.  Ray  flow- 
ers female,  usually  5,  white,  with  short  ligule 
and  maiked  tube:  disk  llowers  tubular,  yellow. 
Fruit  an  achene  1-2  mm  loni;.  central  achenes 
ovate,  black,  with  pappus  consisting  of  white, 
fimbriate  scales  as  long  as  the  fruit,  marginal 

achenes  without  pappus. 

Gaiinsoga  comprises  14  species  and  is  indige- 
nous in  tropical  America.  Galinaoga  parviflora 
and  the  tetraploid  Galinsoga  quadriradiata 
Ruiz  &  Pav.  (sjnonyms:  Galijimso  riliafa 
(Raf.)  S.K.Blake,  Galinaoga  urticifolia  (Raf.) 
S.F.Blake)  have  become  oomm<m  weeds  in  Af- 
rica. The  latter  spedes  is  more  haiiy. 
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As  a  weed,  gallant  soldier  is  difficult  to  eradi- 
cate because  plants  left  on  the  ground  after 
wt  <  dint,'  may  re-establish  roots,  whereas  unde- 
vt'ldpt'd  seeds  will  continue  te  ripen  even  under 
drj'  conditions.  Fields  can  soon  be  covered  by 
gallant  soldier  because  a  single  plant  of  8-9 
weeks  old  ciin  pioduce  over  7000  viable  seeds 
and  several  generations  are  possible  in  each 
growing  season.  The  small,  lightweight  fruits 
can  be  spread  by  the  winti  and  I  he  stiff  pappus 
h  ni-s  cling  to  people's  clothing  or  the  ftir  of 
animals. 

Eioolomr  In  tropical  Africa  gallant  soldier  is 

foun<l  finm  sra-li'vel  to  2400  ni  altitude,  It  re- 
quires medium  to  high  rainfall  conditions.  Seed 
requires  temperatures  of  10-36T!  and  lif^t  to 
genmnatt-.  ikinecl  seeds  do  not  germinate  at 
all.  and  shade  also  prevents  jjermination, 
which  is  why  gallant  soldier  is  only  found  on 
open  land  or  as  a  weed  between  young  and 

small  crop  plants.  It  prows  well  in  a  \  nrii  fy  of 
soils  but  prefers  soil  with  ample  nutrients  and 
good  drainage. 

Management  Farmers  consider  Galinsoga 
pan  iflora  an  intlieator  of  hiph  soil  fertility  In 
Al'rica  it  IS  only  collected  from  the  wild  and 
trade  is  limited  to  local  markets. 
Hnllant  soldier  is  a  cnnimf)n  and  locally  serious 
weed  reported  in  wheat  and  mai/e  in  Ethiopia, 
cotton  in  Uganda,  coffee,  maize,  sorghum  and 
beans  in  Tanzania,  wheat  in  Anjjola  vegeta- 
bles in  Zambia  maize  in  Zinil»ahwe  and  pota- 
toes in  Mozambique.  It  serves  as  an  alternate 
host  for  many  insects  and  viruses  whidi  afifect 
crop  species  such  as  tnb.icci!  potato  ati  l  cab- 
bage. It  IS  also  a  host  plant  for  I'JtylopJithom 
infeatans  and  root-knot  nematodes. 

Genetic  resources  and  breeding  Being  a 
widespread  wood  GaUnsoga  parviflora  is  not 
liable  to  genetic  erosion. 

Prospects  Interest  in  GaUnsoga  parviflora 
is  mainly  directed  at  its  control  as  a  notorious 
weed.  Locally,  however,  it  will  continue  to 
make  a  contribution  to  the  diet  of  many. 
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Wehmeyer,  A.S.  &  Roee,  E.F.,  1983. 

Other  references  Holm,  f  l  et  al  ,  I!)77- 
Kokwaro,  J.O.,  1993;  Tredgold,  M.H.,  1986;  van 
den  Bergh,  M.H.,  1993. 
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GiSEKIA  PUARNACEOIDES  L. 

Protologue  Mant.  pi.  2: 562  (1771). 

Family  Aizoaceae 

Chromosome  number  2u  =  36,  72,  108 
Synonyms  Gisekia  UnearifoUa  Schumadi.  & 

Thonn,  (1827)  (•i.ichia  cungesla  Moq.  (1849), 
Giaekia  rubella  llochst.  ex  Moq.  (1849). 

Vernacular  names  Oldmaid,  gisekia  (En). 

Origin  and  geographic  distribution  Most 
probably  GisrJtia  pliariKirroidp.t  originated  in 
tropical  Africa  and  adjacent  tixipical  Arabia. 
Later  it  spread  to  southern  Africa  and  Asia, 
and  was  introduced  into  thi-  Xew  World.  In 
tropical  Africa  it  is  widespread  m  drier  areas. 

Uses  Guekia  phamaeeoidea  is  oocaaionaUy 
eaten  as  a  vegetable,  e.g.  in  Somalia,  Kenya 
and  Tanzania  It  is  i-aten  as  an  emergency  f»od 
m  West  Africa  and  India.  In  DR  Congo  and 
northern  CThad  it  is  eaten  as  a  condiment. 

Young  yilants  arc-  eaten  by  domestic  stock,  al- 
though they  may  cause  dianhoea;  older  plants 
are  not  recommended  as  fodder  because  the 
fruits  are  said  to  be  poisonous.  There  are  many 
medicinal  uses.  In  East  Africa  the  whole  plant 
is  eaten  as  a  general  strength  restorative,  e.g. 
after  miscarriage.  In  northern  Africa  Giaekia 
phariinrenicJps  is  considered  a  purgative,  in 
Kenya,  Tanzania,  southern  Africa  and  Mada- 
gascar it  is  taken  to  cure  diarrhoea.  In  India, 
Indonesia,  South  .Africa  and  Madagascar  it  is 
used  as  a  taenicide  Ini!  thr  j>lant  should  he 
consumed  with  great  cuutiun.  in  West  Africa 
leaves  are  rubbed  on  swellings  and  in  Tanzania 

the  stem,  pounded  in  liutter,  is  placed  on  adl- 
ing  muscles.  In  India  plant  sap  is  used  against 
warts.  In  Tanzania  cooked  green  leaves  are 
(*alen  to  treat  asthma,  in  Kenj'a  the  roots  are 
made  into  a  chest  medicine.  The  seeds  probably 
possess  anthelmintic  properties. 

Properties  In  the  vegetative  parts  of  Gise- 
kia phnrnnrrniHcn  several  phenolic  acids  have 
been  identified:  p-OH-benzoic  acid,  caffeic  acid, 
p-comnaiic  add  and  vanillic  acid.  Perulic  and 
sinapic  adds  were  absent,  although  these  are 
usually  present  in  Aizoaceao  In  the  seed  the 
tannin-like  principles  a-  and  (J-gisekia  have 
been  found.  Tannins  are  present  in  the  whole 
plant . 

Botany  Slightly'  succulent,  glabrous  herb, 
green,  often  pinkish  tinged;  stem  trailing,  de- 
cumbent or  prostrate,  up  to  80  cm  long,  some- 
times longer.  Leaves  usually  opposite,  simple, 
subsessile;  blade  variable,  fi-om  linear  to  lin- 
ear-oblanoeolate,  oblanoeolate-q>atidate  or  el- 
liptical, 0.5-6  cm  X  0.1-2  cm,  base  attenuate. 
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apex  rounded  to  subacute,  often  obscurely  api- 
culate,  entire,  surface  closely  streaked  with 
numerous  linear,  short,  whitish  raphides.  In- 
florescence an  umbelliform  cyme.  3-40-flow- 
ered;  peduncle  up  to  5.5  cm  long.  Flowers  bi- 
sexual, regular,  S-merous,  gre«iish-white,  of- 
ten tinged  pinkish,  mauve  or  yellowish:  pedicel 
fairly  stout,  curved,  2-8  mm  long;  tepals  free, 
in  fruit  1.5^  mm  long;  stamens  with  filaments 
br()<'i(i(»ned  at  base;  cari)els  5,  free.  Friiii  con- 
sisting of  5  achenes.  Seeds  black,  smooth,  mi- 
nutely pitted. 

The  status,  affinities  and  systematic  position  of 
Giadda  is  still  a  matter  of  dispute  It  has  been 
variously  assigned  to  difierent  famihes: 
Aizoaeetut,  Mottuginaeetut  and  Phylolaeeaeaae. 
It  has  been  suggested  that  Giadua  constitutes 
a  separate  family,  (rischiuceao,  and  ran  be  con- 
sidered as  a  possible  connectmg  link  between 
betalain-containing  Aizoaeeae  and  Phytolacca' 
ceae  and  anthocyanin-<Tjnl ainint;  \l<iJlu_iiiua- 
ceae.  The  variability  of  Giaekia  phamaceoides 
is  considjerable  and  has  resulted  in  numerous 
names  of  species  and  varieties.  Best  known  is 
var.  pseudopaiiiciilatu  C. Jeffrey  (plants  erect 
or  ascending,  flowers  m  diffuse  terminal 
cymes,  pedicel  threadlike,  erect,  1-1.6  cm  long 

in  fruit),  which  is  now  consiilcrod  a  scjmralt- 
Species:  Giaekia  diffusa  M.Giibert.  Specimens 
with  prominently  crested  or  winged  fruits  are 
classified  in  var.  alain  M.Gilbert. 

Ecology  Gisrhio  pharnaccnides  is  a  weed 
found  along  roadsides,  in  grassland,  bushland 
and  woodland,  mostly  on  sandy  soils,  fix>m  sea- 
level  up  to  1700  m  altitu  I 

Genetic  resources  and  breeding  GiseJtia 
phamaeeoidea  is  common  and  widespread  in 
many  tropical  and  8ubtro;)icaI  parts  of  the 
worlil  nnd  is  not  in  danger  of  genetic  erosion 

Prospects  The  phytochemistry  of  Gisekia 
phamaeeoides  diould  be  better  investigated  in 
order  to  determine  the  nutritional  and  medici- 
nal values.  Unless  such  studies  indicate  other- 
wise, its  use  as  a  vegetable  should  not  be  rec- 
ommended because  it  contains  poisonous  com- 
pounds. 

Major  references  Adamsun,  R.S.,  1961; 
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L.L.,  1988. 
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Burkill,  H.M.,  2000;  Gon^ahres,  M.L.,  1978a; 
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GNETUM  AFRICAN UM  VVelw. 

Protologue  Trans.  Linn.  Soa  27:  73  (1869). 

Family  '  'ti.'t .'icfni' 

Synonyms  Tliua  a/ricana  (VVelw.)  Doweld 
(2000). 

Vernacular  names  Eru  (En).  Koko  (Fr). 

Nkoko  (Po). 

Origin  and  geographic  distribution  Giielum 
afriecutnin  occurs  naturally  in  the  humid  forest 
7ones  from  Nigeria  to  the  Cmtral  African  Re- 
public and  to  Angola. 

Uses  Fresh  leaves  of  Gnelum  <tfrieamtm  and 
the  very  similar  GuiHiim  huclihohianum  Engl,, 
both  called  eru  (koko  in  French),  are  widely 
used  as  a  vegetable.  They  are  usually  cooked 
with  meat  or  fish  and  occasionally  consumed  as 
a  salad.  Leaves  are  shredded  into  thin  strips 
and  are  often  eaten  as  pari  of  a  mixture  in,  for 
example,  a  groundnut-based  stew.  To  soften 

this  rnther  tough  \cpctnble  pco[)lc  often  mix  it 
with  waterleaf  {Talmum  triaiigulare  («Jacq.) 
Willd.).  Shredded  leaves  can  be  dried  and  pre- 
served for  later  use.  The  seeds  are  eaton  in 

rameroon  and  DR  rongo 

In  Nigeria,  eru  is  used  fur  treatment  of  piles 
and  high  blood  pressure  and  also  as  medicine 

.-igainsl  enlarged  spI<H>n,  .sore  throat  and  as  a 
purgative.  In  the  Central  African  Republic  the 
leaves  are  eaten  to  treat  nausea  and  as  an  an- 
tidote to  arrow  poison  made  from  Periploca 
niffrescens  .\fzel  In  ("anieroon  the  leaves  are 
chewed  to  mitigate  the  effects  of  drunkenness 
and  they  are  taken  as  an  enema  against  oon- 
stijiatiim  and  to  oii-^i'  clHlilliirth  They  are  also 
used  to  treat  boils  and  fungal  mfections  on  the 
fingers.  The  supple  stem  is  sometimes  used  as 
rope. 


Ghieium  afrietamm  -  wild 
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Production  and  international  trade  In 

trade,  consignments  of  Gnetum  afri<;anum  and 
Gtietum  buehholzianum  are  often  mixed.  Trad- 
'>rs  will  pay  more  fm-  (hi'  tliirk  dark  green 
leaves  of  the  latter,  but  much  variation  is  also 
caused  hy  growing  conditions.  Most  em  is  con- 
sumed I<ir;illy.  liut  intensive  trinle  has  devel- 
oped from  Cameroon  and  more  recently  also 
from  Gabon  and  the  Central  African  Republic 
to  meet  the  lai^e  demand  in  Nigeria.  Most  eru 
from  Camri-oon  <labnn  nnd  the  Central  .Afri- 
can Republic  IS  transported  to  Idenau,  a 
coastal  village  in  Cameroon,  and  from  there  by 
boat  to  Nigeria.  Estimates  for  the  annual  ex- 
port of  eru  leaves  (both  species)  to  Nigeria 
range  between  2600  t  and  4000  t.  Anotlier  ma- 
jor marketing  centre  is  the  Koilo  Region  in 
Congo  OtluT  marketing  eentres  in  Cameroon 
are  Campo  near  Ivribi  for  export  to  Gabon  and 
the  Mfeundi  market  in  Yaounde.  Dried  shred- 
ded leaves  are  exported,  mainly  from  Nipcria 
to  the  United  States  and  to  a  lesser  extent  from 
other  countries  to  France  and  the  United 
Kingdom. 

Properties  The  eomposition  of  (•net inn  afri- 
caiiuin  leaves  is  probably  comparable  to  Giie- 
tum  afrieanum.  The  dry  matter  content  of 
fresh  leaves  is  miirh  higher  than  for  ofher  dark 
or  medium  green  leaf  vegetables.  This  gives  a 
feeling  of  firmness  during  preparation,  hence 
certain  consumers  consider  eru  as  a  substitute 
for  meat.  The  k  avi  s  of  (liicttiiti  afriraviiiii  are 
somewhat  thuiner  and  paler  than  the  dax'k 
green  leaves  of  (Tnefum  buehholuomum.  Con- 
sequently tlip  i  iiiiti  rif  <if  micrntuitrient'^  in  the 
latter  might  be  somewhat  higher.  Eru  leaves 
contain  C-glycosylflavones,  including  2**- 
zylosylisoswertisin  and  2"-gluoosyIi8oswertisin, 
compounds  that  are  only  known  from  these  two 
species;  characteristic  of  Gnetum  afrieanum  is 
the  presence  of  2''-O-rhamnoy]iB06wertiBin  and 
apigenin-7-hesprridoside  and  the  absence  of 
vitexin  and  2"-0-glycosylvitexin. 

Advltoratioiia  and  aubstitiitea  The  leaves 
of  Gnetum  <ifneatmm  can  be  replaced  by  those 
of  the  other  eru  species,  Giietuiii  htn-lihol- 
ziaiium,  or  leaves  of  the  shrub  Lusuinlliera 
africaiia  P.Beauv.,  which  impart  a  similar 

tnsle  to  thr-  dish 

Description  Dioecious  liana  up  to  10  m  long 
but  sometimes  longer;  brandies  somewhat 
thickened  at  the  nodesi  glalwoiu.  Leaves  de- 
cussately opposite,  sometimes  in  whnrls  of  .3. 
simple;  stipules  absent;  petiole  up  to  i  cm  long, 
canaliculate  above;  blade  ovate-oblong  to  ellip- 
tical-oblong,  rarefy  lanceolate,  6-14  cm  x  2-6 


Giiplum  africniiiini     I,  branch  wUh  mair  in  fin- 
lescences;  2,  pari  of  male  iiifloreseenee;  3,  male 
flower;  4,  branch  with  female  inflorescence  (aid 
infructescenrf:     femaU'  inPorrsri  in  r:  )!.  scecL 
Redrawn  and  adc^ted  by  W.  Weasel-Bixind 

cm,  base  attenuate,  apex  abruptly  acuminate, 

obtuse  i>r  minutely  apiculate  entire,  thick- 
papery,  glabrous,  pale  green  above,  paler  be- 
neath, with  3-6  pairs  of  strongly  curved  lateral 
veins  looped  near  the  margin.  Inflorescence  an 
imbranrhed  catkin  axillary  or  terminal  on  a 
short  branch,  solitaiy  but  male  inflorescences 
at  apex  of  bnmdiea  oftm  in  groups  of  3,  up  to  8 

cm  lonp,  jointed  peduncle  1-1. .5  rm  long;  with 
a  pair  of  scale-like,  triangular  bracts;  male 
inflorescence  with  slender  intemodes  and 
whorls  of  flowers  at  nodes:  female  inflorescence 
with  slijihtly  lurlunate  internodes  and  2-3 
flowers  at  each  node.  Flowers  small,  c.  2  mm 
long,  with  moniliform  hairs  at  base  and  an 
envelope;  male  flowers  with  a  tubular  envelope 
and  exserted  staminal  column  bearing  2  an- 
thers; female  flowers  with  cupular  envelope 
and  naked,  sessile  ovvile.  Seed  resembling  a 
drupe,  ellipsoid  10-1,^  mm  x  1-8  mm,  npicu- 
late,  enclosed  m  the  fleshy  envelope,  orange- 
red  when  ripe^  with  oq>ious  oido^erm. 
Other  botanical  Infonuatiou  Gnetum  com- 
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prises  approximntely  35  species  of  small  trees, 
shrubs  or  most  often  lianas,  found  in  tropical 
South  and  Central  America  (about  7  species), 
Africa  (2  species)  and  Asia  (about  2o  species). 
They  look  mucli  like  dicotyledonous  flowering 
plants  (having  opposite  leaves  with  a  net  vena- 
ti<in  !ind  cherry-like  seeds),  although  in  fact 
they  are  gymnosperms.  The  2  Al'ncan  species, 
which  are  very  similar,  have  been  classified  in 
section  Gnetum,  subs<>c(ion  Micrognemonea. 
Cuchnti  nfriraiiiiDi  has  leaves  which  are  roln- 
tively  thui  and  pale  green.  Its  male  catkuis 
have  slender  intemodes  of  equal  width  from 
the  base  to  the  tip.  Giietinii  hiicJiliohinini in  has 
thick  dark  green  leaves.  The  male  catkms  have 
thick  intemodes  widaiing  towards  the  termi- 
nal part. 

It  was  recently  proposed  that  all  Giictuin  spe- 
cies be  transferred  to  Thoa,  except  two  Asiatic 
species,  mainly  based  on  seedooat  structure. 

r.rowth  and  development  Roth  African 
Gnelum  species  are  lianas  with  two  different 
types  of  stems.  The  orthotropic  ones  have 
small,  scale-like  leaves  and  rapidly  grow  verti- 
cally, reaching  the  iiiaiii  blanches  of  a  tree 
where  they  produce  plagiotropic  stems  with 
AlUy  developed  leaves.  The  orthotropic  stem 
continues  climbing  until  it  reaches  the  canopy 
where  it  branches  into  several  leaty  stems. 
Female  plants  often  diow  more  vigorous 
growth  with  stronger  stems  than  male  plants. 
This  is  more  olnioiis  in  Giirfiim  afHeunum 
than  m  Giietuin  buclihohiuituiii. 
Enx  continues  to  grow  during  the  dzy  season 
and  new  shoots  may  develop  where  the  stem 
has  been  cut  or  where  side  shoots  have  been 
removed.  New  shoots  are  also  formed  from 

rhizomes  )h;i1  sprciKl  iil.ini,'  tln'  f  n-i'sl  nour.  The 
distinctly  coloured  <iru])c-lil\c  scids  proba- 
h\y  dispersed  by  birds  and  other  animals. 

Ecology  Em  can  be  found  in  rainforest  from 
son-lovcl  up  to  1200  m  altitude  and  prefers  an 
annual  rainfall  of  about  3000  mm.  It  is  usually 
found  with  other  climbers  on  middle-  and  un- 
der-storey  trees,  frequently  forming  thidcets.  It 
can  also  be  found  in  riverine  forest  in  areas 
that  are  otherwise  loo  dry  for  the  species.  Giie- 
turn  afneanum  is  mostly  found  at  the  periph- 
ery of  primary  forest  and  in  secondary  forest. 
Today,  it  is  more  common  than  Gnetum  buck- 
hohiimum,  which  is  mainly  found  in  primary 
forest,  especially  near  openings  created  by 
fallen  trees. 

Propagation  and  planting  Experimental 
plantings  for  domestication  are  being  made 
with  both  species.  Nurseries  are  now  oonoea- 


trating  their  efforts  on  Gnetnin  bucliholziaiiiim 
because  it  is  preferred  by  traders  and  is  more 
vigorous.  Moreover,  male  vines  of  Gnetum  afri- 
canuin  are  less  apjireciated  ttecause  of  their 
smaller,  thinner  and  paler  leaves,  and  because 
of  their  less  vigorous  growth.  For  Gnetum 
buehhohiainnii  there  is  no  need  to  harvest  only 
female  plants.  However,  the  field  trials  might 
show  that  Gfietum  huehholzUamm  is  more  dif- 
ficult to  cultivate  than  Gnetum  afncooum  be- 
cause the  ffirmer  probably  requires  more  shade 
than  the  latter.  In  experiments  in  Cameroon, 
propagation  by  seed  was  difficult  because  the 
seed  is  reluctant,  germination  taking  one  year 
or  more.  It  is  assumed  that  seeds  need  pre- 
treatment,  sudi  as  passing  through  the  intes- 
tines of  a  bird,  finiit  bat,  squirrel  or  other  ani- 
mal, before  they  germmate  Seed  is  normally 
found  only  in  the  tree  canopy.  Seed  collection  is 
thus  far  from  easy,  a  further  reason  why  era  is 
hardly  cultivated 

Methods  of  vegetative  propagation  using  leafy 
stem  cuttings  have  recently  been  developed.  It 

is  recommended  that  leaf  blades  of  cuti  iiiys  In 
trimmed  in  half  Nursery  beds  under  shade 
and  made  of  well-decomposed  sawdust  or  fine 
river  sand  can  be  used  for  propagation.  Ecto- 

mycorrhizae  assist  the  roots  in  absoi'iil ion  of 
nutrients;  the  most  common  species  reported  is 
Scleroderma  sinnamarense.  After  about  6 
weeks  the  rooted  cuttings  are  transferred  to 
polythene  sleeves  bamboo  pots  or  other  con- 
tainers where  they  remain  for  a  further  2-3 
months.  The  soil  mixture  for  these  containers 
consists  <if  2.")%  sand  and  some  compost,  sup- 
plemented with  forest  soil.  Field  plantmg, 
preferably  next  to  a  young  tree  or  shrab,  takes 
place  at  the  beginning  of  the  rainy  season. 

Management  Eru  is  still  mainly  lolK^cted 
from  wild  stands,  but  farmers  often  retain  it 
when  clearing  fields.  If  cultivated,  farmers 
need  to  provide  support  e.sx  by  usinc  commer- 
cial plantations  of  rubber  trees,  oil  palm  and 
other  tree  crops.  Fences  were  only  found  to  be 
successful  when  there  is  enough  shade,  and 
they  are  generally  too  expensive.  Fully  exposed 
plants  do  not  grow  well;  their  leaves  are  thin 
and  pale  green,  and  traders  reject  them.  In 

experiments,    nutrients     csin'ci.illy  nitrogen 
have  shown  a  positive  effect  on  growth  and 
rate  of  leaf  devel<^ment. 

Diseases  and  peats  Mealy  bugs  are  the 
main  pest  in  the  nursen,'.  Wlien  eru  is  grown 
along  dead  poles  attacked  by  termites,  these  m- 
aects  will  damage  adjacent  leaves.  Diseases 
have  not  been  found  to  reduce  productivity  of 
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eru. 

Harvesting  The  current  method  of  harvest- 
ing, especially  for  export  trade,  is  to  pull  the 
stems  iir  liranohes  from  trees.  This  leads  to 
large-scale  destmction  of  natural  stands.  Occa- 
sionally, trees  have  to  be  cut  to  reach  leafy 
stems  in  the  raiiojiy  This  is  mainly  done  dur- 
ing the  dry  season  when  the  forest  is  more  ac- 
cessible and  when  there  is  little  work  on  the 
farm.  Controlled  harvesting,  in  which  only  side 
shoots  or  parts  of  strms  nrr  mllocted,  is  rloarly 
better  than  destructive  hanesting.  After  con- 
trolled harvesting,  new  shoots  may  develop 
where  a  stem  has  been  cut  i>r  where  side  shoots 
have  been  removed.  Prehmmary  observations 
indicate  that  3-^  harvests  per  year  are  possi- 
ble, still  allowing  for  substantial  regrowth. 
M<iri'  fr('(]ucnt  h.ir\'''stinjj  will  result  in  thin 
leaves  that  are  considered  inferior.  The  first 
harvest  may  take  place  6-9  months  after  plant- 
ing The  totnl  lifespan  of  eru  is  estimated  at 
over  10  years. 

Yield  Preliminary  observation  indicates  that 
ill  <  ultivation  during  the  first  harvest  year  the 
fresh  leaf  yuAd  may  reach  20  t/ha.  This  may 
double  in  subsequent  years. 

HandUng  after  harvest  Leafy  stems  re- 
main fresh  for  at  least  a  wccK".  Stems  ronccted 
from  the  forest  are  brought  to  collecLmg  pomts 
from  where  the\  are  either  sold  in  the  local 
market  or  ex'i  ' 11  >  I  I  '-*  I  'ns  tr.-idf,  whole  leafy 
stems  nro  jiackiil  in  ]:iv\^t-  Iniles.  Solortion 
takes  place  for  size  and  texture  of  the  leaves, 
and  is  mainly  determined  by  species.  Gnetum 
buehliolziainnii  is  more  popular  with  cdH'^um- 
ers  and  more  expensive  because  its  leaves  are 
generally  thidcer  than  those  of  Gtt^m  afri- 
canum.  Leaves  are  shredded  before  OOtlSUmp- 
tion  nr  ]inrir  t n  ilr\-inc. 

Genetic  resources  Eru  is  hardly  cultivated 
at  all  at  present,  but  there  is  massive  exploita- 
tion of  the  remnininp  natural  stands,  whirh 
have  almost  disappeared  in  Nigeria  and  are 
becoming  scarce  in  Cameroon,  Gabon  and  the 
Central  African  Republic.  There  i-^  an  urgent 
nci  fl  til  collect  and  preserve  the  diversity  found 
wiiiiin  the  two  African  Uiietum  species,  pref- 
erably throughout  their  natural  range.  Acces- 
sions need  to  bo  evaluated  for  their  nsirnnomir 
potential  and  for  their  ability  to  germinate 
without  the  need  for  intarventions.  A  small 
collection  is  currently  h^  at  the  Limbe  Bo- 
tanic (la  rden,  Limbe.  Cameroon. 

Prospects  Alternatives  to  destructive  har- 
vesting of  eru  should  be  found.  Once  the  new 
methods  of  propagatioin  and  cultivation  have 


been  adopted,  there  will  be  -scope  for  develop- 
ment of  eru  as  a  new  crop,  for  which  there  is 
already  a  high  demand  and  for  which  an  at- 
tractive price  could  be  paid.  Diversity  found 
between  accessions  is  considerable,  offering 
scope  for  improvement  of  both  quality  and  pro- 
ductivity IJesearch  work  is  currently  lieing 
done  at  Limbe  Botanic  Garden,  Limbe,  Camer- 
oon. 
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Gnetum  buchholzianum  Engl. 

Protologue  But  Jahrb.  40.  519  (1908). 
Family  Gnetaceae 

Synonyms  2%oa  btiehholziana  (Engl.)  Do- 
weld (2000). 

Vernacular  namas  Em  (En).  Koko  (Fr). 
Nkoko  (Po). 

Origin  and  geognqiluc  distejbutixm  Gneium 
biichhnhiainiin  is  restricted  to  the  humid  for- 
est zone  of  Cameroon. 

Uaea  Fresh  leaves  of  Gnetum  buehhol' 
zkatum  and  the  very  similai-  Gnetum  afri- 
cainini  Welw  .,  both  called  eru  (koko  in  French), 
are  widely  used  as  a  vegetable.  They  are  usu- 
ally cooked  with  meat  or  fish  and  oocasionalfy 

consumed  as  a  s.-ilad  Leaves  are  shredded  into 
thin  strips  and  are  often  eaten  as  part  of  a  mix- 
ture in,  for  example,  a  groundnut-based  stew. 
To  soften  this  rather  tough  vegetable,  people 
often  mix  it  with  waterleaf  (Taliiiiim  tn'atigu- 
Iwe  (Jacq.)  WiUd.).  Shredded  leaves  can  be 
dried  and  preserved  for  later  use.  The  seeds 
are  also  eaten. 
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Gnetum  buchholzianum  -  wild 

The  leaves  are  diewed  to  mitigate  the  effects  of 

Hrunkonnoss  and  they  arn  taken  as  an  cnrma 
against  constipation  and  to  ease  childbirth. 
They  are  also  used  to  treat  hoils  and  fiingal 
infections  on  the  fingers.  The  supple  stem  is 

sntni't         used  as  rope 

Production  and  international  trade  In 
trade,  consignments  of  Gnetum  buchkobmnum 
and  Gneliiiii  afrirnninn  arc  often  mixed.  Trad- 
ers will  pay  more  I'ur  the  thidc  dark  green 
leaves  of  the  former,  but  much  variation  is  also 
causod  by  growing  conditions.  Most  rru  i.s  con- 
sumod  locally  hut  intonfiivc  trade  has  <l(  Vi-l- 
oped  from  Cameroon  to  meet  the  large  demand 
in  Nigeria.  Most  eru  firom  Cameroon  is  trans- 
pnrtfd  to  Identui,  a  coastal  village  in  Camer- 
oon, and  from  there  by  boat  to  Nigeria.  Esti- 
mates  for  the  annual  export  of  eru  leaves  (both 
species)  to  Nigeria  range  between  2.500  t  and 
-1000  t.  (Hhor  maj-kotinp  contros  in  Cameroon 
are  Campo  near  Kribi  for  export  to  Gabon  and 
the  Mfbundi  market  in  Taotmd6.  Dried  shred- 
ded leaves  are  exported  mainly  from  Xitreria 
to  the  United  States  and  to  a  lesser  extent  from 
other  countries  to  France  and  the  United 
Kingdom. 

Properties  The  eomposition  oi  Ciiti'liiiii  Inn  li- 
liulzianuiii  leaves  per  lOQ  g  of  fresh  edible  por- 
tion is:  water  70  g  (65.0-^.0),  energy  432  kJ 
(103  kcnl)  protein  G.O  g  (:^.r.-/'>  7),  fat  1.:!  g, 
carbohydrate  21.6  g,  fibre  5.5  g,  Ca  i;^i)  mg  P 
54  mg,  Fe  5.6  mg,  ascoibic  acid  100  mg  (Leung. 
W.-T.W.,  Busson,  F.  &  Jai  din.  C  .  1968).  The 
dr>'  matter  content  of  fiv  sh  leaves  is  higher 
than  for  most  other  dark  or  medium  green  leaf 
vegetables.  This  gives  a  feeling  of  firmness 
during  preparation,  haice  certain  consumers 


consider  eru  as  a  substitute  for  meat.  The 
leaves  of  Gneiuut  buchhohiauuni  are  some- 
what thicker  and  darker  green  than  the  thin- 
ner .-ukI  paler  leaves  of  (hiclinii  afrir/ttni iii . 
Consequently,  the  content  of  micronulrients  in 
the  latter  might  be  lower.  Eru  leaves  contain 
C-glycnsyinavonos,  ini'lu<lint,'  2"-xyli>sylisoswer- 
tisin  and  2"-glucosyli8oswertisin,  compounds 
that  are  only  known  from  these  two  species. 

Adulterations  and  SubstitnteB  The  leaves 
of  Giirfiiiii  btivhJiohiaiiimi  ran  be  replaced  by 
those  of  the  other  eru  species,  Gneluin  afri- 
camim,  or  leaves  of  the  dumb  LttmmUhera  afiv- 
cana  P.Beauv.,  which  impart  a  similar  taste  to 
the  dish. 

Description  Dioecicus  liana  up  to  10  m  long 

but  sometimes  longer;  branches  somewhat 
thickened  at  the  nodes  ghiltrous  Leaves  de- 
cussately opposite,  sometimes  in  whorls  of  3, 
simple;  stipules  absent;  petiole  a  1  cm  long, 
canaliculate  above;  blade  ovate-elliptical  to 
broadly  elliptical  8-15  cm  x  4-8  cm,  base 
rounded  to  slightly  cuneate,  apex  abruptly 
acuminate,  obtuse  or  minute^  a(>i(  ulate,  en- 
tire, very  thidc-papery,  glabrous,  dark  green 


Gnetum  budtholzianum  -  1,  bnmdi  with  male 

iuflnrescpncen;  2,  male  I'lt florescence;  3,  young 

infruclescence;  7,  female  (lower. 

Redrawn  and  adapted  by  Aehmad  Satiii  Nur- 

haman 
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above,  paler  beneath,  with  4-S  pairs  of  strongly 
curved  lateral  veins  looped  near  the  margin. 
Infloresoenoe  anunbranrhi'd  (  jitkin.  axillan,-  or 
ti'iininftl  on  a  short  liniiirh.  solitary  Imt  male 
uiilorescences  at  apex  of  branches  often  in 
groups  of  3,  up  to  8  cm  long,  jointed,  peduncle 
1—1.5  cm  iniit;,  with  2-3  seale-liki'  tnansxnlar 
bracts;  male  inflorescence  with  thick  inter- 
nodes  widening  towards  apex  and  with  whorls 
of  flowers  at  nodes;  female  inflorescence  with 
sliphlly  tiirhinnfo  intomode.s  and  flowers  at 
each  node.  Flowers  small,  c.  2  mm  long,  with 
moniliform  hairs  at  base  and  an  envelope;  male 
flowers  with  a  tubul.tr  (  iivelope  and  hardly 
ezserted  stamina!  column  bearing  2  anthers; 
female  flowers  with  eupular  «ivekq[>e  and  na- 
ked, sessile  ovule.  Seed  resembling  a  drupe, 
ellipsoid.  10-15  mm  x  4-8  mm.  apieulate,  en- 
closed in  the  fleshy  envelope,  orange-red  when 
ripe,  with  copious  endosperm. 

Other  botanical  Information  Ciiieliini  com- 
prises approximately  35  species  of  small  trees, 
shrubs  or  most  often  lianas,  found  in  tropical 
South  and  Central  America  (about  7  species), 
Afiii'a  (2  species)  and  Asia  (about  25  species) 
They  look  much  like  dicotyledonous  ilowermg 
plants  (having  opposite  leaves  with  a  net  vena- 
tion  and  cherrj'-like  seeds),  althouKh  in  fact 
they  are  gymnosperms.  The  2  African  speciea, 
which  are  very  similar,  have  been  classified  in 
section  Cnwliiui,  subsection  MicrngnemoOM. 
Gil  rill  111  biiclihnhiniiuiii  bns  thick  dark  trreen 
leaves.  The  male  catkins  have  thick  intemodes 
widening  towards  the  terminal  part.  Grielum 
iifrivainiiii  has  leaves  which  are  relatively  thin 
and  pale  green.  Its  male  catkins  have  slender 
intemodes  of  equal  width  from  the  base  to  the 
tip. 

It  was  recently  proposed  that  all  Giipfiini  spe- 
cies be  transferred  to  Thoa,  except  two  Asiatic 
species,  mainljr  based  on  seedcoat  structure. 

Growth  and  development  Both  African 
Gnetum  species  are  lianas  with  two  different 
types  of  stems.  The  orthotropic  ones  have 
small,  scale-like  leaves  and  rapidly  grow  verti- 
cally, reaching  the  main  branches  of  a  tree 
where  they  produce  plagiolropic  stems  with 
fully  developed  leaves.  The  orthotropic  stem 
continues  climbing  until  it  reaches  the  canopy 
where  it  branches  into  several  leafy  stems. 
Female  plants  often  show  more  vigorous 
growth  with  stronger  stems  than  male  plants. 
This  is  less  obvious  in  Giiehim  buchliolsianum 
than  m  Gneluin  africanum. 
Eru  continues  to  grow  during  the  dry  season 
and  new  shoots  may  develop  where  the  stem 


has  been  cut  or  where  side  shoots  have  been 
removed.  New  shoots  are  also  formed  firom 
rhizomes  that  s|)read  along  the  forest  floor.  The 
distinctl\  •viliaired  drujie-like  ^^eeds  are  proba- 
bly dispersed  by  birds  and  other  animals. 

Eicology  Eru  can  be  found  in  rainforest  from 
sea-level  up  to  1200  m  altitude  and  prefers  an 
annual  rainfall  of  about  3000  mm.  It  is  usually 
found  with  other  climbers  on  middle-  and  un- 
der-storey  tre<\s.  frecjuently  forming  thickets.  It 
can  nlsu  !><•  found  in  riverine  forest  in  areas 
that  would  otherwise  be  too  di^'  for  the  species. 
Gnetum  buehholzianum  is  mainly  found  in 
priman'  fun  st  especially  near  openings  cre- 
ated by  fallen  trees,  and  is  today  less  common 
than  Gnetum  tifritanum  whidi  mostly  occurs 
at  the  periphery  of  primary  forest  and  in  sec- 
ondary f(^rest , 

Propagation  and  planting  Experimental 
plantings  for  domestication  are  being  made 

with  both  species.  Nurseries  are  now  fonccn- 
trating  their  efforts  on  Gitetum  buchholziaiiuin 
because  it  is  preferred  by  traders  and  is  more 
vigorous.  Moreover,  male  vines  of  Gnetum  afri- 
coiiiim  are  less  appieciated  because  of  their 
smaller,  thmner  and  paler  leaves,  and  because 
of  their  less  vigorous  growth.  For  Gnetum 

burhhnlzianuiii  there  is  no  need  to  harvest  only 
female  plants.  However,  the  fjeld  trials  might 
show  that  Gitetum  biiekholziamtm  is  more  dif- 
ficult to  cultivate  than  Gnetum  africanum  be- 
cause the  former  probalily  requires  more  shade 
than  the  latter.  In  experiments  m  Cameroon, 
propagation  by  seed  was  difficult  because  the 
seed  is  reluctant,  germination  taking  one  year 
or  more.  It  is  assumed  that  seeds  need  pre- 
treatment,  such  as  passing  through  the  intes- 
tines of  a  liird,  fruit  bat,  squirrel  or  other  ani- 
mal b(d"ore  they  germinate.  Seefl  i.s  normally 
found  only  m  the  tree  canopy.  Seed  collection  is 
thus  far  from  easy,  a  further  reason  why  eru  is 
haj-dly  cultivated. 

Methods  of  vegetative  propagation  usmg  leafy 
stem  cuttings  have  recently  been  developed  It 
is  recommended  that  leafbl  id  -  if  cuttings  be 
trimmed  in  half.  Nursery  luds  under  shade 
and  made  of  well -decomposed  sawdust  or  fine 
river  sand  can  be  used  for  propagation.  Ecto- 
myoirrhi/ne  assist  the  roots  in  absorpti(Hi  of 
nutrients;  the  most  common  species  reported  is 
Scleroderma  sinnamarenae.  After  about  6 
weeks  the  rooted  cuttings  are  transferred  to 
polythene  sleeves,  bamboo  pots  or  other  con- 
tamers  where  they  remam  for  a  further  2-3 
months.  The  soil  mixture  for  these  containers 
consists  of  26%  sand  and  some  compost,  sup- 
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plomcntcd  with  forest  soil.  Field  planting, 
prefex'ably  next  to  a  j'oung  tree  or  shrub,  takes 
place  at  the  beginning  of  the  rainy  season. 

Management  Eru  is  still  iniiinl>  ((illected 
fipom  wild  stands,  but  farmers  often  retain  it 
when  dearing  fields.  If  cultivated,  farmers 
need  tn  {n  ovide  support  e.g.  by  using  commer- 
cial plantations  of  rubber  trees,  oil  palm  and 
other  tree  crops.  Fences  were  only  found  to  be 
successful  when  there  is  enough  shade,  and 
they  are  generally  too  oxprnsivr  Fully  oxposod 
plants  do  not  grow  well;  their  leaves  are  thin 
and  pale  green,  and  traders  reject  them.  In 
experiments,  nutrients,  especially  nitrogen, 
have  shown  a  positive  effect  on  growth  and 
rate  of  leaf  development. 

Diseases  and  pests  Mealy  bugs  are  the 
main  pest  in  the  nursery.  When  eru  is  grown 
along  dead  poles  attacked  by  termites,  these 
insects  will  damage  adjacent  leaves.  Diseases 
have  not  been  found  to  reduce  productivity  of 
eru. 

Harvestiiig  The  current  method  of  harvest- 
ing, espedaUy  for  e^qiort  trade,  is  to  pull  the 
stems  or  br;tnehes  from  trees.  This  leads  to 
large-scale  destruction  of  natural  stands.  Occa- 
sionally, trees  have  to  be  cut  to  reach  leafy 
stems  in  the  rnnopy.  This  is  mriinly  clon(>  dur- 
ing the  dry  season  when  the  forest  is  more  ac- 
cessible and  when  there  is  little  work  on  the 
fnrm.  Controlled  harvesting,  in  which  only  side 
shoots  or  parts  of  stems  are  rollected,  is  rlonrly 
better  than  destructive  harvesting.  After  con- 
trolled harvesting,  new  shoots  may  develop 

where  !i  stem  has  been  cut  or  where  side  shoots 
have  been  removed.  Prelim in:u  \  oliser\  ations 
indicate  that  3-4  harvests  |>cr  yt  nr  arc  possi- 
ble, still  allowing  for  substantial  regrowth. 
More  frequent  harvesting  will  result  in  thin 
leaves  that  are  considered  inferior.  The  first 
harvest  may  take  place  6-9  months  after  plant- 
ing  The  total  lifespan  of  eru  is  estimated  at 
over  10  years. 

Yield  Preliminary  observation  indicates  that 
in  cultivation  duruiu  'H''  first  harvest  year  the 
fresh  leaf  yicM  may  reach  20  t/ha.  This  may 
double  in  subsequent  years. 

Handling  after  harvest  Leafy  stems  re- 
main fresh  for  at  least  a  work  Stems  cnllcctr-,] 
from  the  forest  are  brought  to  ooUectmg  points 
from  where  they  are  either  sold  in  the  local 
mai&irt  or  «qported.  For  this  trade  whole  leafy 
stems  are  parked  in  large  bales.  Selection 
takes  place  for  size  and  texture  of  the  leaves, 
and  is  mainly  determined  by  the  spedes.  Gne- 
fum  buehholzuaium  is  more  popular  with  con- 


sumers and  more  expensive  because  its  leaves 
are  generally  thicker  than  those  of  Gnetum 
afnecaium.  Leaves  are  shredded  before  om- 
suin|>t!i>n  nr  prinr  to  drying. 

Genetic  resources  Eru  is  hardly  cultivated 
at  all  at  present,  but  there  is  massive  exploita- 
tion  of  the  remaining  natural  stands,  which 
have  almost  disappeared  in  Nigeria  and  are 
becoming  scarce  in  Cameroon.  Gabon  and  the 
Central  African  Republic.  Giu-imu  hnckhoU 
ziamiui.  which  seems  to  be  endc'mic  to  Camer- 
oon and  prefers  primary  forest,  is  even  more 
endangered  than  Gnetum  afrieamim.  There  is 
an  urgent  need  to  collect  and  preserve  the  di- 
versity found  withm  the  two  A&ican  GiieUim 
species,  preferably  throughout  their  natural 
range.  Accessions  need  to  be  evaluated  for  their 
agronomic  potential  and  for  their  ability  to 
germinate  without  the  need  for  interventions. 
A  small  collection  is  currently  held  at  the 

l.imbe  Botanic  i  J.irden  I.imbe  fnmeroon. 

Prospects  Alternatives  to  destructive  har- 
vesting of  eru  should  be  found.  Once  the  new 
methods  of  propagation  and  cultivation  have 
been  adopted,  there  will  lie  scope  for  develop- 
ment of  eru  as  a  new  crop,  for  which  there  is 
already  a  h^  demand  and  for  which  an  at- 
tractive  price  c-ould  be  paid.  Diversity  found 
between  accessions  is  considerable,  offermg 
scope  for  improvement  of  both  quality  and  pro- 
ductivity. Research  work  is  currently  beil^ 
done  at  Limbe  Botanic  Garden,  Limbe,  Camer- 
oon. 

Major  references  Keay,  R.W.J.,  1954b; 

Leung.  W.-T.W..  Bussou  F.  &  Jardin.  C,  1968: 
Schippers,  R.R.,  2UUU;  Schippers,  R.R.  &  Fere- 
day  F .  1998;  Shiembo,  P.N.,  1997;  Shiembo, 

I'.X, 

Other  references  Asaha,  S.  et  al.,  2000; 
Burkill,  H.M.,  1991;  Carlquist,  S.  &  Robinson, 
A.A.,  1995;  Doweld,  A.B.,  2000;  Friedman, 
W.E.  &  Carmichael  J  S  1098:  Lowe,  J.,  lf)84: 
Markgraf,  F.,  1930;  Ouabonzi,  A.,  Bouillant, 
M.L.  &  Chopin,  J.,  1983;  Stevela,  J.M.C.,  1990. 

Sourees  of  illusteation  Keay,  R.W.J., 
i;ir,  lb 

Authors  Iv.k.  Schippers 

GONGRONEMA  ANGOL£NSE  (N.E.Br.)  Bullock 

Protologue  Kew  Hull.  15:  199  (196 1>. 
Family  Ascle]>iadaceae  (  APt  J:  .Xpocjmnceae) 
Synonyms  Marsdenia  angolensis  N.E.Br. 
(1896),  Maradenia  gondarauia  Chiov.  (1911). 
Qrigiii  and  geographic  diateibnlion.  Gtm- 
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gronema  aiijinleiise  is  widelj'  distributed  all 
over  t  ropical  Africa,  from  Guinea  to  Zimbabwe. 

Uses  In  Kwanda  the  thidc  fleshy  roots  are 
eati'n  liy  rhililrfn, 

Properties  There  is  no  information  on  the 
phytodiemistry  of  Gongronema  trngolmae. 
Leaves  of  Goiii^irini'iiiii  Itilifnliuiii  F^'iith.  (a 
related  climber  m  wet  forests  m  tropical  Africa) 
have  shown  anti-inflammatory  properties  aad 
antioxidant  effects  in  hepatof^ytes  of  non- 
insulin  dopcndonf  diabetic  rats. 

Botany  Slender  climber,  often  3—1  m  long, 
but  able  to  climb  to  the  canopy  of  high  trees, 
with  wood}'  base  and  npshy  runts  rontiniiinir 
latex.  Leaves  opposite,  simple,  softly  hauy; 
petiole  up  to  4  cm  Imig;  blade  ovate,  6—14  cm  x 
3-10  cm,  base  cordate,  apex  acuminate,  mar- 
gins entin-.  Inflnri-scfncf  cymo^ie.  composed  of 
2—3  primary  branches  divided  dicholomous^, 
eadi  division  ending  in  a  10-14-flowered  um- 
bel. Flowers  bisexual,  small  rrijiilnr  5-merous. 
yellow-green;  pedicel  c.  1  cm  long;  sepals  ellip- 
tical-oblong, c.  2  mm  X  1  mm;  ocnroUa  tubular, 
with  campanulate  tul)*'  u)>  to  4  mm  long,  lobes 
elliptiral-oblong,  c.  2  mm  long,  spreading;  co- 
rona lobes  as  long  as  stamens;  stamens  with 
deltoid  to  ovate  anther  appendages,  connivent 

around  the  stout,  roundish  style  apex.  Fruit  a 
pair  of  leathety,  pendent  Iblhcles,  each  one 
cylindrical,  10-16  cm  x  4-8  mm,  densely 
brown-gray  haiiy. 

Goujironema  is  a  small  genus  comprising  5 
species  in  Africa,  much  resembUng  Dregea, 
formerly  described  in  Marsdenia. 

Ecology  (rnitiimtit'ina  aiiguleit^c  is  most 
abundant  as  a  climber  in  secondary  vegetation 
or  in  forest  edges,  in  dry  localities,  from  sea- 
level  up  to  1 800  m  altitude. 

Genetic  resources  and  breeding  (Inti- 
giwieina  angohnse  is  common  all  over  tropical 
Africa  and  is  not  in  danger  of  genetic  erosion. 

Prospects  More  research  is  needed  to  dc- 
termme  the  nutritive  value  of  the  fleshy  roots 
of  Gongronema  angolaue. 

Major  references  Brown,  N.E.,  1902-1904; 
Bulln.  k  A  A  ,  1961. 

Other  references  Beentje,  II.J.,  1994b; 
BuUodc,  A.A.,  1963;  Burkill,  H.M.,  1986;  More- 
bise  O  et  al.,  2002;  Ugodiukwu,  N.H.  &  Ba- 
bady,  N.E..  2002. 

Autkors  P.C.M.  Jansen 


GUIZOTiASCABRA(Vls.)  ChlOV. 

Protologue  Annuario  Reale  1st.  Bot.  Roma 

8  181  fl90t). 

Family  Asteraceae  (Compositae) 
Chromosome  niunber  2n  =  30 

Origin  and  geographic  distribution  Giii:o- 
tia  acabra  has  been  found,  usually  at  middle 
and  higher  elevations,  in  Nigeria,  Cameroon, 
DR  Congo,  Rwanda,  Burundi  Sudan.  Eritrea, 
Ethiopia  Kenya.  Ugan<la,  Tanznnia  Malawi, 
Zambia,  Zimbabwe  and  Mozambique,  it  has 
also  been  encountered  in  Yemen. 

Uses  The  \oung.  tender  leaves  an'  eaten 
boiled  in  Ethiopia,  Uganda  and  Tanzania.  In 
Ethiopia  it  is  considered  a  fiamine  crop,  m  Tan- 
zania and  L'ganda  it  appears  to  be  more  ac- 
ceptable. In  Nigeria  tlx-  leaves  are  eaten  in 
soup  and  the  seeds  are  pounded  and  eaten  raw. 
In  Ethiopia  the  seeds  are  used  as  a  substitute 

for  the  seeds  of  thf  nil -seed  crop  Guizalin  nbys- 
sinica  (L.f.)  Cass,  and  for  ceremonial  purposes. 
In  Uganda  the  diy  seeds  are  roasted  and 
ground  to  make  a  paste  that  is  mixed  with 

green  vegetables,  peas  or  beans  A  vegetalile 
salt  IS  made  from  the  stems  by  burning,  fol- 
lowed by  purification. 

The  stem  fibres  are  used  in  DR  Congo  for  fish- 
ing-nets. The  plant  is  reportedly  grazed  by 
livestock  in  Sudan  but  not  in  northern  Kenya 

Medidnnl  uses  ha\-e  been  reporled  from  DR 
Congo,  Rwanda  Huiuniii  and  I  gniifia  'I'he 
leaves  are  used  most  frequently,  but  bark  and 
roots  are  used  as  well.  Among  the  human  dis- 
eases and  nilnients  treati'd  with  Guizotia 
acctbra  are:  malaria,  constipation,  salmonella 
infection,  ulcers,  stomach-adie,  dyspepsia,  gas- 
tritis, enteritis,  syphilis  and  gonoriiioea.  In 
Uganda  a  root  decoction  is  drunk  to  prevent 
miscarriage.  In  DR  Congo  Guizotia  scabra  has 
a  wide  range  of  veterinaiy  applications  against 
internal  parasites  (e.g.  worms  amoebae),  blood 
parasites  (theileriosis  or  east  coast  fever,  babe- 
siosis) and  external  parasites  gadfly,  botfly). 

Botany  ICrert.  perennial,  moderately 
branching  herb  uj)  to  2  m  tall.  Leaves  opposite, 
simple,  sessile;  blade  narrow l}'  lanceolate  to 
broadly  oblanceolate,  6.6—10.6  cm  X  1-3  cm, 

base  cuneale-cordaf e  apex  acute,  margin  en- 
tire to  serrate.  Inflorescence  a  cup-shaped  head 
9^15  mm  in  diameter,  with  (5-)8  outer  invoht- 
cral  leaves;  ray  florets  8-15.  female,  tube  1.5- 
2.5  mm  long,  ligule  11-11  mm  x  2.5-1.0  mm: 
disk  florets  50-yU(-120),  bise.\ual,  tube  1-1.5 
nun  long,  limb  2.5-3  mm  long.  Fruit  an  adiene 
2-2.6  nun  long. 
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Guizotia  comprises  6  or  7  species  all  of  them 
distributed  in  the  mountains  of  eastern  Africa. 
The  exception  is  Guizotia  scabm,  which  is  also 
found  in  the  highhtmls  of  Xit;t'n!i  nnd  f^ini*  r- 
oon.  The  taxonomic  position  of  three  closely 
related  species  is  not  yet  fully  clear.  The  wild, 
annual  species  Guizotia  sehinipeii  Sch.Bip,  is 
considered  the  ancestor  of  the  cultivated  oil- 
seed crop  Gttixotia  <ibyasiniea,  GuitoUa  Mofrra 
is  disi  inguished  from  Guizotia  tchimperi  by  its 
perennial  nature  and  the  larper  number  of 
involucral  leaves  and  ray  and  disk  florets. 
Guizotia  aehimperi  is,  however,  still  considered 
by  some  taxonomists  as  a  subspecies  of  Guizo- 
tia «ca6ra.  The  huge  variation  observed  in 
GuiaxOia  teabra  in  the  field,  is  attributed  to  a 
large  extent  to  differences  in  growing  condi- 
tions. 

Ecology  Guizotia  acabra  is  found  in  a  wide 
variety  of  soils.  It  has  been  encountered  in 

sw.'impy  arms,  wet  and  drj'  prnssland,  on  stony 
hill  slopes  and  as  a  nideral.  It  flowers  most 
abundantly  shortly  after  the  first  rains,  but 
flowers  are  found  throughout  the  year.  In 
Ethiopia  Ouizolia  smbra  is  most  common  it 
2500—3500  m  altitude,  whereas  Guizultu 
aehimperi  is  more  frequent  at  1600-2600  m. 
Cermination  is  enhanced  by  biirninfj. 

Management  Guizotia  acabra  is  reportedly 
cultivated  in  Nigeria,  Sudan  and  Ethiopia  but 
no  details  have  been  published. 

Genetic  resources  and  breeding  Guizotia 
scabra  is  common  throughout  its  range  and  not 
in  danger  of  genetic  erosion.  It  is  not  reproduc- 
ti\'ely  separated  from  Guizotia  abyasiviva  so 
hybrids  can  be  obtamed  with  ease.  In  germ- 
plasm  collections  only  few  accessions  are  kept, 
all  of  them  from  Ethiopia. 

Prospects  Guizotia  srabra  will  jimbalily 
remam  a  mmor  vegetable  of  limited  impor- 
tance. Gene  transfer  from  Ouixotia  «cci6ra  to 

the  cultivated  Ciiizntia  ahysniuicn  may  prove  of 
interest  in  breeduig  programmes.  Collection  of 
germplasm  throughout  the  area  of  distributirai 
<ii  ( hiizotia  scabra  is  desirable.  The  wide  range 
of  'lisi  ases  treated  with  (luizotin  scahro  war- 
rants research  into  the  medicinal  and  pharma- 
cological properties,  notably  those  of  the  leaves. 
That  medicinal  uses  are  really  restricted  to  the 
Great  Lakes  Region  needs  confirmation. 

Major  references  Baagee,  J.,  1974;  Baerts, 
M  &  Lehmann  -I  2n02d  <  n-tinet,  A  &  Shar- 
mn,  S..\I  l'.nii;  Kaimile,  A.B.,  Ssegawa,  P.  & 
Birnie,  A.,  iiiuy;  Murthy,  H..\.,  Hu-emath,  S.C. 
&  Pyati.  AN.,  1995;  Rufifo,  O.K.,  Birnie,  A.  ft 
Tengnfis,  B.,  2002;  UN-EUE,  2001b. 


Other  references  Burkill,  H.M.,  1985;  Kok- 
waro,  J.O..  1993;  I'mali,  B.E,  &  Yantasath,  K., 
2001. 

Authors  C.H.  Bosch 


GYNURA  F8EUD0CHINA  (L.)  DC. 

Protologue  Prodr.  6:  299  (1838). 

Fmnlly  Asteraoeae  (Compositae) 

Chromosome  number  'In  -  20 

Synonyms  Gyiiura  miniata  VVelw.  (1859). 

Origin  and  geographic  distribution  Gynura 
paeucfochiiia  extends  from  Sierra  Leone  east- 
wards through  the  Central  African  RepubUc 
and  Ethiopia  to  Somalia  and  south  to  Malawi, 
Zambia  and  Angola.  It  also  occurs  in  Sri 
Lanka.  India.  Bhutan  <^hina.  Myanmar  Thai- 
land, Vietnam  and  Australia.  It  is  cultivated  in 
Java  (Indonesia)  and  Peninsular  Malaysia. 

Uses  Gynura  psruilorhijut  is  grown  in  east- 
ern Nigeria  for  its  mucilaginous  leaves,  which 
are  used  in  soups  and  sauces. 
In  northern  Nigeria  it  is  cultivated  as  a  me- 
dicinal plant  to  treat  fever.  The  fresh  leaves 
are  used  for  their  demulcent  property,  and  leaf 
sap  is  applied  to  sore  eyes.  In  Asia  leaves  are 

used  to  reduce  skin  irritation  caused  by  insect 
stings,  pimples  and  bruises,  and  to  cure  scabies 
and  erysipelas.  Leaves,  stems  and  roots  are 
variably  credited  with  haemostatic,  antipyretic 
and  vulneraiy  activity.  Plant  parts  are  used  to 
regulate  menses,  to  treat  breast  tumours,  her- 
pes infeotioras  and  sore  throats.  As  an  oma- 
ii'mI  (•yitura  pseudochiiia  is  grown  in  p<its 
Botany  Perennial,  erect,  semi-succulent 
herb  up  to  130  cm  tall;  roots  tuberous,  round  or 
lobed,  2-6  cm  in  diameler  Leaves  in  a  msette, 
simple  often  shallowly  loherl:  petiole  0.3— ;^(— 8) 
cm  long;  blade  obovate,  spatulate,  elliptical  or 
ovate,  (I-)7-40  cm  x  (l-)1.6-20  <an;  upper 

leaves  moi-e  dissected  an<l  smaller.  Inflores- 
cence a  campanulate  head,  loosely  racemosely 
or  paniculately  grouped;  pedimcle  up  to  4  cm 
l<n^R  inner  involucral  bracts  c.  13,  7-12  mm 
lontr:  corolla  10-13  mm  long,  yellow  to  red- 
Fruit  an  achene,  3—4  mm  long. 
Gytmra  is  placed  in  the  tribe  SeiteeUmeae  and 
comiTisi  s  alioiit  If)  species,  all  native  to  the 
tropics  of  the  Uld  World  and  temperate  eastern 
Asia.  In  Afiiica  8  native  species  occur. 

Ecology  Gynura  paeudodtma  occurs  in 
grassland,  usually  among  rodcs,  and  in  East 
Africa  on  black  cotton  soils. 

Management  Seed,  cuttings  or  tubers  can 
be  used  for  propagation. 
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Genetic  resources  and  breeding  Gynura 
pseudochina  is  very  widely  distributed  and  not 
in  danger  of  genetic  erosion 

Prospects  Gyintra  pseuduvliinu  will  remain 
of  some  local  importance  as  a  vegetable  and 
medicinal  plant.  For  cultivation  as  a  vegetable, 
Asian  select ionn  of  (^viiunt  hicolor  (Roxb.  ex 
VVilld.)  DC.  might  be  mtroduced. 

Major  references  Burkill,  H.M..  1985;  Da- 
vies,  F.C,  1978;  Jeffrey,  C,  IDHd. 

Other  references  Lean  Teik  Ng  &  Su 
Foong  Yap,  2003. 

AuHiors  C.H.  Bosch 


HaLOSARCIA  INDICA  (Willd.)  Paul  G. Wilson 

Protologue  NuytsiM  3:  '5:!  (1980). 
Family  Chenopodiaceae  (APG;  Amaranlha- 
oeae) 

Chroinosome  number  2ii  -  18,  27.  3(> 
Synonyms  Salicoruia  indica  Willd.  (1799), 
Arthroenemum  indieum  (Willd.)  Moq.  (1840). 

Vernacular  nantes  Brown-headed  glass- 
wort  i;h)sswort  (En).  Salioome  indienne  (Fr). 

Machur  (Po). 

Origin  and  geographic  distribution  Halo- 

sarriii  indica  is  widespiviul  in  .\iisl nilin  and 
along  the  tropical  coasts  of  the  Indian  Ocean. 
Tn  Africa  it  occurs  from  Somalia  southwards  to 
Moz;imbi(iuf  Madagascar  and  the  other  Indian 
Ocean  i-slamls  iH  t  h-ips  also  ocrnsionally  in  the 
west  along  the  coast  of  the  Atlantic  Ocean. 

Uses  .^er  removing  the  woody  and  oori^ 
parts,  young  branches  of  Hulosarcia  iiulica 
collected  from  the  wild  are  eaten  as  a  cooked 
vegetable,  particularly  in  times  of  food  scarcity. 
In  Madagascai-  young  branches  in  vinegar  are 

UseH  ns  n  rnniinn<mt. 

Botany  Small,  glabrous  shrub,  with  pros- 
trate main  stem  forming  loose  open  mats  and 

niinii^roiis  nsrondinp  or  erect  Internl  brnnrhes 
up  to  30  cm  long  seemingly  leafless,  built  up  of 
numerous  super|)nsed,  tubular,  green-glaucous 
sci^inents.  each  sctinient  at  a])ex  forming  a  lit- 
iK'  cuji  w  ith  2  short  lobes  omhi  afint;  the  base  of 
the  next  higher  segment;  sterile  segments  5—1 1 
mm  X  3-6  mm;  fertile  segments  aggregated 
into  spikes  l-^  cm  x  4-5  mm  at  ibo  ends  of 
stem  and  lateral  branches.  Flowers  m  clusters 
of  3.  a  pair  of  clusters  to  each  fertile  segment, 
all  fliiwi  is  female  and  small,  hidden;  perianth 
tuliular.  irroRularly  3-lobed  nt  apex,  becoming 
spongy  m  fruit;  ovarj'  superior,  1 -celled,  stig- 
mas 2,  slender.  Fruit  a  nut,  hidden  in  ring-like, 
disarticulating  s^^ments  of  fruiting  spikes. 


Seed  lens-shaped  to  flattened  ovoid,  c.  1  mm 
long,  testa  membranous,  pale  brown. 
Halomrcia  comprises  23  species,  all  confined  to 
Australia  except  the  widtT  distribultd  lla- 
losarcia  iiulica.  It  resembles  Artinwneinuin, 
SctUeomia  and  Sareocomia,  but  the  first  of 
these  has  more  slender  fruit  inti  spikns  and 
black  seeds,  the  second  differs  m  its  habit,  be- 
ing annual  herbs,  and  the  third  has  fruiting 
spikes  not  disarticulating  into  ring-like  seg- 
ments and  more  exposed  flowers.  Within  lla- 
losarcia  indica  1  subspecies  have  been  distin- 
guished; only  subsp.  indica  is  widespread,  the 
other  ?i  are  indigenous  to  Australia.  Most 
probably  parthenogenesis  occurs  because  only 
female  plants  are  known,  which  produce  nor- 
mal seed.  The  seeds  are  distributed  in  the 
flotitinL,'  ring-like  segments  that  disarticulate 
from  llie  fruiting  spikes  at  maturity. 

Ecology  Hatoscavia  indiea  grows  on  tidal 
nnid  flats,  in  salt  marshes  near  Uie  sea  and  in 
mangrove  swamps. 

Genetic  resources  and  breeding  Haloaar- 
cia  indica  is  widespread  along  coasts  in  the  Old 
World  tropics  and  is  not  in  danger  of  genetic 
erosion. 

Prospects  Haloattreia  indiea  will  remam  an 

interesting  minor  vegetable.  Its  use  is  conij);!- 
rable  to  Salicoruia,  which  is  a  palatable  and 
esteemed  vegetable  in  some  parts  of  Europe. 
Its  nutritional  value  merits  further  invest^a- 

tion. 

Major  references  Brenan,  J. P.M.,  1964; 
Brenan,  J.P.M.,  1988;  Decary.  R,  1946;  Wilson. 

P.O..  1981. 

Other  references  Ajmal  Khan  M.  &  Bil- 
quees  Gul,  1998;  Friis,  I.  &  Gilbert,  M.G.,  1993; 

Tolken.  H.R.,  i;)r,7 
Authors  P.C.M.  Jan  sen 


HaUM AM  ASTRUM  CAERULBUM  (OliV.) 
P.A.Duvign.  &  Piancke 

Protologue  Biol.  Jaaib.  27:  225  (1969;  'coe- 

riih'ii  in  ) 

Family  Lamiaceae  (Labiatae) 
Chromosome  number  2n  -  28,  42,  66 
Synonyms  Arrnrrphnfu.'^  raenileiis  Oliv. 
(1875),  AcrocephaUts  lilaciiiiis  Oliv.  (1875), 
Htatmaniastrum  Ulaciimm  (OUv.)  J.K.Morton 
(1962),  Hatiinaiiiasfniiii  quarrei  (Robyns  & 
Lebnin)  J.K.Morton  (19G2). 

Origin  and  geographic  distribution  Hau- 
maniastmm  eaemleum  is  widely  distributed  in 
West,  Central  and  East  Africa;  in  southern 
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Africa  it  is  found  in  Malawi,  Zambia,  Angola 
and  Zimbabwe. 

Umb  The  leaves  of  Hauinaniastnim 
caertiieum  are  eaten  as  a  vegetable  in  Sudan, 
The  powdered  leaves  are  put  in  water  to 
sponge  a  person  with  high  fever.  The  leaves  are 
used  to  treat  headache  in  Senegal  and  (lhana, 
The  plant  ash  is  used  as  a  vegetable  salt  in 
Kenya.  Mixed  with  oil  the  leaves  are  used  as 
perfume  in  Sudan. 

Botany  f'rrcnnial  herb  up  1o  1  m  tall;  stem 
quadrangular,  1  to  several  arismg  from  small 
woody  rootstodf  or  from  fibrous  root  system. 
Leaver  oii]it)site  or  in  whorls  nf  '^-A.  sessile  or 
with  short  petiole  up  to  2  mm  long;  blade  linear 
or  narrowly  elliptical,  2—10  cm  x  0.3-1.5  cm, 
base  atti  nu.iii'  orcuneate,  apex  acute,  margin 
serrate.  Inflorescence  a  gloliose  to  cylindrical 
head  arranged  in  a  lax  or  dense  corymb;  head 
0.5-2(-^)  cm  long,  subt^ded  by  white  or  blu- 
ish l<\'if-likr-  rnudato  bracts  up  to  2,5  cm  long. 
Flowers  bisexual,  zygomorphic,  d-merous;  calyx 
1.5-2  mm  long,  2-lipped,  enlarged  in  fruit;  co- 
rolla 4-6  mm  long,  white,  pink,  blue  or  purple. 
2-lipped  tul>''  -■)  mm  loriK  lower  lip  4-lobeil: 
stamens  4;  ovary  superior,  4-iobed,  style  gjno- 
basic,  bifid  at  apex.  Fruit  consisting  of  4  nut- 
Id  s  1  — 1 ..")  mm  Itini; 

HaumaiiUislium  comprises  35  species  and  is 
confined  to  tropical  mainland  Afiica,  with  a 
single  species  also  occurring  in  Madagascar. 
Hautnniiinfifnnn  caemleiiw  is  voiy  variable 
with  variation  notably  in  leaf  shape,  colour  of 
floral  bracts  and  hair  density  and  length.  The 
variation  is  ])ossibly  related  to  the  difE^rent 
ploidy  levels  reported. 

Ecology  Haumanmstrum  eaemleum  is 
found  in  moist  localities  in  grassland  and  open 
woodland,  and  as  a  weed  in  fields,  at  200-2100 
m  altitude. 

Oenetio   resovrees  and  breeding  As 

Ilainnaniastrinn  rnrnilnnn  is  widcsprrnd  and 
fairly  common  throughout  its  area  of  distribu- 
tion there  is  no  serious  threat  of  genetic  ero- 

si<in. 

Prospects  lUnimnuiastntw  caenilouiu  is 
likely  to  remain  a  minor  vegetable  and  medici- 
nal plant. 

Bf^jor  references  Burkill,  H.M.,  1995;  Mor- 
ton, J.K.,  1962;  Paton,  A.,  1997a. 
Oilier  references  Paton,  A,  1997b. 
Authors  C.H.  Bosch 


HEWITTIA  MALABARICA  (L.)  Suresh 

Protcdogue  Nicolson.  Suresh  &  Manilal, 
Interpret.  Van  Rheede's  Hort.  malab.:  88 
(1988). 

Family  Convolvulaceae 

Chromosome  number  2/i  =  30 

Synouyuis  CoitvolvuUis  fiialabarieua  L. 
( 1 753),  HewUtia  gublobata  (L.f.)  Kuntze  (1891), 
Ilcu  iuia  sccmdens  (J.Kfoi^  ex  Milne)  Mabb. 
(1980). 

Origin  and  geographic  distributiou  lleu  it- 
tia  makAariea  is  widespread  throughout  tropi- 
cal Africa.  Asia  and  Polynesia:  it  has  been  in- 
troduced and  naturalized  in  tropical  America 
(e.g.  Jamaica). 

Uses  Tlie  leaves  of  Heu  itlia  iiutlabarica  are 
collected  from  the  wild  and  used  as  a  cooked 
vegetable.  In  Uganda  they  are  particularly 
popular  among  the  Langi  people  in  a  dish 

known  as  onyobo .  The  fibre  from  the  inner 
bark  is  used  for  ropes.  In  Madagascar  Heu  iltia 
malabariea  is  grown  as  a  cover  plant  in  planta- 
tions  of  ylang-ylang  {Cancmga  odorafa  (Lam.) 
1  II  I.  ,k  r  cK:  Thnmson)  and  is  grazed  by  cattle 

Botany  Climbing  or  prostrate  perennial 
hei4>  with  slender  stem  up  to  3  m  long,  occa- 
sionally rooting  at  the  nodes  [uibcscent. 
Leaves  alternate,  simple;  stipules  absent;  peti- 
ole up  to  9  cm  long;  blade  oblong  to  ovate,  2-14 
cm  X  1—10  cm,  base  cuneate,  truncate  or  has- 
tate apex  obtuse  to  acuminate,  margin  dentate 
or  entire,  pilose  to  velvety  hairj'.  Inflorescence 
an  axillary,  1-3-flowered  cyme,  bracteate;  pe- 
duncle up  to  10  cm  long.  Flowers  bisexual, 
regular,  5-merous;  pedicel  up  to  3  cm  long;  se- 
pals lanceolate  to  ovate,  up  to  17  mm  long,  the 
outer  3  much  lai^er  than  the  inner  2;  corolla 
campanulafe  to  funnel-shaped  2—'^.^  cm  long 
slightly  lobed,  pale  yellow  or  white  with  a  pur- 
ple centre,  pilose  outside  in  5  bands;  stamens 
inserted  in  corolla  tube,  included;  ovarj-  supe- 
rior, 1-celled,  baity,  style  filiform,  stigmas  2, 
ovate-oblong.  Fruit  a  globose  to  quadrangular 
capsule  c.  1  cm  in  diameter,  pilose  cnrloscd  li\ 
the  enlarui'd  sepals  usuall\  l-\al\td.  li-4- 
seeded.  Seeds  subglobose,  mm  in  diameter, 
black. 

fltvn'tti'a  is  dose  to  Cnnvolnihis.  which  has 
linear  stigmas.  HewUtia  comprises  only  a  sin- 
gle species,  of  whidi  the  correct  name  is  still 
disputed  because  of  differences  in  interpreta- 
tion of  older  literature. 

Ecology  Heu'illia  malabariea  occurs  in  ram- 
forest,  mixed  open  forest,  coastal  littoral  forest 
and  scrub,  almg  dry  watercourses,  in  grass- 
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land  and  as  a  weed  of  cult  ivated  land  and  along 
roadsides,  from  sea-level  up  to  1800  m  altitude. 
In  I'ganda  it  occurs  in  areas  with  an  annual 
rfiinrul!  I. f  1100-2100  mm 

Genetic  resources  and  breeding  iieu  iltia 
malabarica  is  very  widespread  and  not  liable  to 
gent'tir  i.T'ssioii 

Prospects  Hcuittia  malabarica  will  remain 
a  locally  popular  minor  vegetable,  which  18 
often  available  when  other  vegetables  are 
scarce.  Its  nutritinnnl  rompositinn  nnH  orna- 
mental possibilities  need  further  investigation. 

Major  references  Burkill.  H.M.,  1985;  Gon- 
valves.  M.L..  1987;  Katende.  A.B..  Sseyawa.  P. 
&  Birnie,  A,  1999;  Meeuae,  A.D.J.  &  Weiman, 
W.G.,  1996. 

Other  references  Deroin,  T.,  2001;  Gon- 
fah  t's  M.L.,  1992:  \  erdcourt,  B.,  1963. 

Authors  P.C.M.  Jansen 


Hibiscus  acetosella  Welw.  ex  Hiern 

Protolotjiu-  i  at.  afr.  pi.  1(1):  73  (1896). 
Family  Malvaceae 
Chromosome  number  2n  =  72 
Vemaoular  names  False  roselle,  red-leaved 

hilnsciK^,  crnnberiy  hihisriis,  African  i-osemal- 
low  (En).  FauBse  oseille  de  Guinee  (Fr).  Azedas 
(Po). 

Origin  and  geographic  distribution  Hibis- 
cus acetosella  is  an  amphidiploid  species  possi- 
bly originating  from  hybridization  between 
HibiseiM  a^>er  Hook.f.  and  Hibiseus  mrattenaia 
It.,  most  probably  in  the  rctjidn  of  southern  PR 
Congo-Angola-Zambia.  The  hybridization  may 
have  occurred  as  a  result  of  cultivation.  Hibis- 
eua  aeeto$eUa  is  cultivated,  but  also  occurs  un- 


Hihiaeua  aeetoadla  -  wild  and  plants 


dcr  natural  conditions,  usually  in  ruderal  habi- 
tats, where  it  may  have  become  naturalized 
after  escape  ftom  cultivation.  It  is  a  popular 
vcL;ct.'(l)]('  in  rameriton  and  DR  ("'ontio.  The 
crop  was  mt reduced  to  South-East  Asia  and  to 
Brazil.  In  BrazU,  where  it  was  probably  used  as 
fottd  for  slaves,  it  is  now  more  popular  than  in 
Africa.  Red-flowered  types  with  dark  red  leaves 
are  mainly  used  as  ornamentals  and  can  be 
found  throughout  Africa  as  well  as  the  tropics 
and  .snbtropii  s  of  oIIk  t  cnntincnts. 

Uses  The  young,  somewhat  fleshy  leaves  and 
shoots  are  used  as  a  vegetable.  Yellow-flowered 
types  with  green  leaves  an-  most  popular  for 
this  purpose,  but  red-flowered  types  with  dark 
red  leaves  are  also  eaten.  The  leaves  are  muci- 
laginous and  more  sour  than  the  similar  look- 
ing Hibiscus  sabdariffa  L.  and  are  used  as  a 
cooked  vegetable,  sometimes  with  pounded 
peanuts  added  to  improve  the  flavour.  Hie  red 

leaves  rt'in;iin  reddish  after  cookin<i.  In  South 
America,  people  often  use  tj'pes  with  decorative 
pinkish-brown  leaves  in  firesh  salads  and  ap- 
preciate their  special  rather  sour  taste.  The  red 
flowers  and  possibly  also  the  leaves  are  occa- 
sionally used  lo  make  u  tea,  somewhat  similar 
to  the  use  of  the  red  calyces  of  Hibiacua  sabdar- 
iffa T..  The  root  is  edible  but  insijiid  .-uid  fi- 
brous. Pmk-  or  red-flowered  types  are  often 
grown  as  ornamental  plants  in  gardens.  Some 
people  in  (Cameroon  and  DR  Congo  combine  the 
use  of  Hibiscus  acrtnsclln  as  a  vegetable  with 
its  use  as  a  hedge  to  separate  plots.  In  Angola 
an  infusion  of  the  leaves  in  water  is  used  as 
|iost-fever  tonic:  if  is  alsf)  used  ;is  medic  ine  to 
treat  anaemia.  In  East  Africa  children  with  an 
aching'  i)ody  are  washed  in  cold  water  to  which 
some  mashed  Hibiacua  aeetoaella  leaves  have 
been  added 

Productiou  and  international  trade  Hibis' 
eua  acHoa^a  is  mainly  grown  in  small  gar- 
dens, often  in  nssoriafion  with  Hibiscus  sah- 
dariffa.  Farmers  combine  these  two  species  so 
that  they  can  adjust  the  acidity  of  the  final 
product  to  the  wishes  of  the  consumer  and 
mixed  bunches  of  the  two  species  are  often 
found  in  local  markets.  Mi.xlures  of  green- 
leaved  and  red-leaved  tsrpes  of  Hihiama  aee- 
tnsclla  with  different  taste  are  also  found.  .Al- 
though the  two  Hibiscus  species  look  very  simi- 
lar when  green,  people  can  distinguish  them. 
No  'lata  on  production  are  available  and  no 
international  trade  is  reported 

Properties  There  is  no  information  on  the 
nutritive  value  of  Hibiaeua  aeetoaella  leaves, 
but  it  is  probably  oamparable  to  that  of  the 
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related  Hibiscus  sabdariffa  L.  and  Hibiacut 
cannabinus  L. 

Adulterations  and  substitutes  The  leaves 
of //;7)/'.f (■(/.<(  runiKihiitiif).  Hihisrtis  sahdnriffa  or 
other  Hibiscus  spp.  can  be  used  as  a  substitute 
for  HibUcus  tieetoadla  leaves  in  dishes. 

Description  .\iinual  or  perennial  herb  or 
subshrub  up  to  2(-2.5)  m  tail;  stem  glabrous  to 
spjirsely  pubescent.  Leaves  alternate,  simple; 
stipules  very  narrowly  lanceolate  In  lim  nr,  up 
to  1.5  cm  long;  pciinlr  '.)-]]  cm  long;  blade 
shallowly  to  deeply  palmately  .3-5-lobed  but 
upper  leaves  sometimes  undivided,  up  to  10  cm 
X  10  cm.  margin  crenate.  glabrous  or  sparsi  ly 
pubescent,  palmately  veined,  with  a  distmct 
nectaiy  at  base  of  midrft>.  Flowers  aolitaxy  in 
leaf  axils,  bisexual,  regular,  6-merous;  pedicel 
up  to  1  cm  long,  articulate;  epicalyx  segments 
8—10,  bifurcate  al  apex,  one  fork  lanceolate  and 
spoon-shaped,  the  other  linear,  both  c.  3  mm 
long;  calyx  cnmpanulate,  up  to  2.^  cm  long 
lobes  nearly  glabrous;  petals  free,  obovate,  up 
to  5.5  cm  >i  3.5  cm,  lemon-yellow  with  red- 
purple  base  or  wine-red;  stam^tis  numerous, 
united  into  a  column  up  to  2  cm  long  red- 
purple;  ovary  superior,  5-celled,  style  with  5 
brandies.  Fruit  an  ovoid  capsule  up  to  2.5  cm 
long,  almost  glabrous  In  npi>i-i-s>p(l-[uibosron(, 
many-seeded.  Seeds  renil'orm,  <  '■  mm  x  2.5 
mm,  dark  brown.  Seedling  with  epigt  al  germi- 
nation; cotyledons  rounded,  up  to  2  cm  x  2  cm, 
loafy. 

Other  botanical  information  Hibiscus 
comprises  200-300  species,  mainly  in  the  trop- 
ics Mii'l  siibtropics:  m;ui\  nl"  ihcm  grown  as 
ornamentals.  The  estimated  number  of  species 
varies  because  opinions  differ  about  inclusion 
of  several  related  groups  of  species  in  the  ge- 
nus, fliliisnis  ncpfosrlla  belongs  to  sod  ion  Fur- 
caria,  a  group  of  about  100  species  which  have 
in  common  a  pergamentaoeous  calyx  (rarely 
fleshy)  with  10  .strongly  prominent  veins,  5 
running  to  the  apices  of  the  segments  and 
bearing  a  nectaiy,  and  5  ruiming  to  the  si- 
nuses. Other  species  belonging  to  this  section 
and  used  as  vegetable  are  HHifsciis  asper 
Ilook.l.,  Hibiscus  cannabinus  L.,  Hibiscus  di- 
venifoUus  Jacq.,  Hibiscus  meehowii  Garcke, 
HWi.trns  unldrac  Baker  f.,  Hibiscus  roslellnhis 
Guill.  &  Perr.,  Hibiscus  sabdariffa  L.  and  Hi- 
biscus surattensis  L.  Hibiscus  aeetosetta  can 
best  be  distinguisbed  from  related  Hibiaeus 
species  by  its  non-prickly  stems,  more  or  less 
glabrous  leaves  and  bifurcate  epicalyx  lobes 
with  lower  fork  spoon-shaped. 

Qvowth  and  devdopment  Hibiscus  ace- 


llihisnis  aceloseUa  -  1,  pcui  of  floiveriag  twig; 

2,  fruit. 

Source:  PROSEA 

tosi'Ila  IS  probably  mainly  self-pollinating.  This 
IS  favoured  by  the  flower  structure,  with  style 
brandies  included  in  the  staminal  column  or 

I:  I  l  ily  exserled. 

Ecology  Hibiscus  acetosella  occurs  m  aban- 
doned fields  and  plantations,  on  waste  ground 
near  habitations,  in  marshes  and  forest  clear- 
ings It  is  cultivated  ;it  luw  to  medium  alti- 
tudes, usually  m  high  rainlall  areas,  and  re- 
quires good  drainage.  It  can  be  fully  exposed  to 
the  sun  but  jirefers  some  shade. 

Propagation  and  planting  Vegetable 
types  of  Hibiscus  acetosella  are  almost  always 
propagated  by  seed,  whereas  the  use  of  cut- 
tings is  n  more  common  method  of  propagation 
for  ornamental  types.  Market  gardeners 
propagate  Hibiscus  acetosella  in  the  same  way 
ns  more  common  Hihisciis  leaf  crops  by  broad- 
casting the  seed,  but  some  farmers  sow  in 
lines.  It  may  also  be  grown  as  an  intercrop. 
When  grown  in  home  gardens,  people  usually 
establish  a  small  nursery,  from  where  they 
transplant  seedlings. 

Management  Hibiscus  acetosdla  is  fire- 

qucntly  grown  in  home  gardens,  where  people 
keep  a  few  plants  or  grow  it  as  a  hedge  from 
which  diey  collect  shoots  when  required.  When 
grown  on  a  larger  scale  as  a  vegetable,  weeding 

is  rorely  necessar>'  because  it  rapidly  covers 
the  ground  after  sowing,  suppressing  most 
weeds. 

Diseases  and  pests  Hibiscus  acetosella  is 
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highl}'  resistant  to  root-knot  nematodes  and  is 
therefore  an  excellent  crop  to  be  used  after 
tomatoes  or  other  solanaoeous  vegetables  that 
arc  MflV'clcil  l>y  !i(  ni.')toilcs. 

Harvesting  When  the  plants  reach  a  size  of 
about  25  cm,  the  first  crop  is  harvested  hy  up- 
root intr.  li'!iving  renminins  plants  at  a  spacing 
of  approximately  15  cm.  Harvesting  takes  place 
early  in  the  morning  or  late  in  the  evening, 
allowing  a  fresh  crop  to  arrive  at  tho  marktH. 
The  next  hnrvost  is  oilhor  by  iiprootinp  or  by 
removing  the  tops  only  and  allowing  new  side 
shoots  to  form.  The  latter  process  may  be  re- 
peated 2  cr  '  tunes  depending  on  soil  fertility 
and  the  humidity  of  the  soil. 

HandUng  after  harvest  When  HibUeiu 
acelosella  is  grown  for  the  market,  farmers 
makt'  bundlf  s  of  ;ibout  10  shoots  of  40  cm  long 
and  these  bundles  may  be  bundled  together 
again.  At  the  market  the  leaves  are  sprinkled 

\\  ith  wntrr  whrn  thr-rc  ;irr  signs  of  wilting  The 
crop  s  perishability  does  not  allow  for  long- 
distance transport. 

Genetic  resources  A  limited  number  of 
accessions  of  Hibiscus  acetosi'Iht  are  included 
m  germplasm  cuUecliuns  of  Hibiscus,  e.g.  at  the 
Southern  Regional  Plant  Introduction  Station, 
Hrirrin  ^'.  A,  United  States.  It  is  not  in  danger  of 
genetic  erosion. 

Breeding  Hibiscus  aeetosella  is  used  to 
transfer  nematode  resistance  to  other  Hibiacua 
sporios  e.g.  nihiscii.i  raiiiiabitius.  and  the 
closely  related  Hibiscus  radiatua  Cav.  can  be 
used  as  a  bridging  species  since  their  hybrids 
ar*.  fi  (1  ilr 

Prospects  Hibiscus  uceloscila  remains  a 
locally  popular  indigenous  vegetable  and  m^y 
see  some  expansion.  .Xgronomy  and  breeding 
merit  more  ntfentinn.  It  will  probably  become 
more  important  as  an  ornamental  plant. 

M^jor  references  Burkill,  H.M.,  1997; 

Kntende,  .VB.,  Ss.  iiriwn  P  &  P.irnie,  A..  1990: 
Ruffo,  O.K.,  Birnie,  A.  &  Tengnas,  B.,  2002; 
Stevels,  J.M.C.,  1990;  Widodo.  S.H.,  1993;  WU- 
son  K  n..  1999, 

Other  references  Akpan.  G.A.,  2000; 
llauman,  L.  &,  Woulers,  W.,  1963;  Kokwaro, 
J.O.,  1993;  Vollesen,  K.,  1995b;  Williamson,  J., 

19.-.-, 

Sources  of  illustratiou  Widodo,  S.H.,  1993. 
Autkors  R.R.  Schippers 


Hibiscus  asper  llook.i*. 

Protologue  Hook.,  Niger  Fl.:  228  (1849). 

Family  Malvaceae 

Chromosome  number  2u  =  36 

Synonyms  Hibiaais  ctmnabinus  L.  var. 
puiictiitus  I  A.Rich.)  llochr,  (1916). 

Vernacular  names  Wild  sorrel,  false  roeelle 
(En).  Roselle  sauvage  (Fr). 

Origin  and  geograpliic  distribution  Hibis' 
rifs  asprr  is  widely  (list i-ibut cd  thrrmghout 
tropical  Africa  and  in  Madagascar.  It  is  occa- 
sionally cultivated  as  a  vegetable,  e.g.  in  Sene- 
gal and  DR  Congo. 

Uses  Leaves  of  Hibiscus  asper  are  eaten  as  a 
boiled  vegetable;  this  use  is  particularly  wide- 
spread in  the  Sahel  region.  In  Nigeria  the 
young  fruits  are  used  to  thicken  soup.  Hibiscus 
asper  is  also  used  for  its  fibre,  e.g.  in  Senegal. 
It  is  considered  an  important  fodder  plant  in 

Ihf'  S.thel  nnfl  although  eaten  by  all  livestock, 
camels  especially'  appreciate  it.  If  eaten  in  ex- 
cess it  can  cause  bloat  in  cattle.  It  is  unsuitable 
for  making  hay  but  can  be  used  for  making  si- 
lage. The  seeds  form  a  main  part  of  the  diet  of 
wild  gumea  fowl  m  northern  Cameroon  and  are 
likely  equally  important  for  domestic  poultry. 

Leaves  dri<  d  over  a  fire  are  applied  In  eczema- 
tous  sores  in  Senegal.  Various  other  skin  prob- 
lems of  humans  and  domestic  animals  are 
treated  \\\\h  I  he  leaves  in  Senegal,  Guinea  and 
Mali.  The  [il:int  is  used  to  treat  urethritis  in 
northern  Nigeria,  anaemia  and  jaundice  m 
Benin  and  leucorriioea  in  Cameroon.  In  addi- 
tion, it  is  used  as  a  poison  antidote  in  Nigeria, 
tu  treat  malaria  m  Mali  and  Benm,  angina  m 
the  Central  African  Republic  and  painful  and 
irregular  menstruation  in  Benin,  as  a  depura- 
tive  and  diuretic  in  Mali  ns  a  tonic  and  re- 
storative m  Benm,  and  to  control  internal 
parasites  in  veterinaiy  medicine  in  Guinea. 

Properties  The  plant  is  mucilncenous  in 
water  and  the  sap  is  slightly  add.  There  is  no 
information  on  the  nutritive  composition  of 
Hibiacus  aaper  leaves,  but  it  is  probably  com- 
paralde  to  that  of  the  related  Hibiscus  caii- 
iiubinus.  The  composition  of  plants  used  lor 
fodder  per  100  g  dry  matter  is:  crude  protein  31 
p,  crude  fat  'A  n  g  crude  fibre  KV.t  g  P  0.09  g.  K 

1.1  g,  Ca  1.1  g,  Mg  0.4  g,  Na  0.01  g.  The  seeds 
contain  per  100  g:  water  64.2  g,  fat  15.2  g,  N 

4.2  g.  P  0.8  g.  K  1.3  g,  Ca  0.3  g,  Mg  0.4  g,  Na 
0.07  g. 

Botany  Perennial  herb  up  to  2  m  talb  stem 
with  fine  priddes  and  simple  or  stellate  hairs. 
Leaves  alternate,  simple;  stqiules  threadlike, 
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up  to  6  mm  long;  petiole  0.5-18  cm  long;  blade 
lanceolate  to  ovate,  unlobed  or  shallowly  to 
deep^  palmately  3-6(-7)-lobed,  up  to  18  cm  x 
14  cm  mnrgin  semite  or  -^liK'ntly  smuiiti'  with 
2-fid  stellate  hairs  on  nbs  and  vems,  palmately 
veined,  with  a  distinct  nectaty  at  base  of  mid* 
rib.  Flowers  axillary,  t-olifan,'  or  clustered  lii- 
sexual,  regular,  5-merous;  pedicel  up  to  1  cm 
long,  articulate;  epicalyx  of  6-7  subulate  seg- 
ments 9—18  mm  long,  apex  entire:  cilyx  cim- 
panulate,  up  tn  2.5  mi  long,  ribs  of  lobes  wiJh 
fine  prickles  or  bristles;  petals  free,  obovate,  up 
to  4.6  cm  X  3  cm,  pale  jrellow  with  red-purple 
base:  stamens  nunu  nais  united  into  a  column 
up  to  1.2  cm  long,  dark  pmk;  ovaiy  superior,  6- 
celled,  style  with  6  brandies,  induded  in  the 
staminal  column.  Fruit  an  ovoid  capsule  up  to 
2  cm  long,  sptirsely  and  finely  appresseJ- 
pubescent,  many-seeded.  Seeds  renil'orm,  up  to 
4  nun  X  3  mm,  dark  brown. 

Hibiscu-1  rompri.sos  200— :^00  specios  mninly  in 
the  tropics  and  subtropics.  Hibiscus  asper  be- 
liMigs  to  section  Furcaria,  a  group  of  about  100 
species,  of  which  about  30  in  tn^ical  AMca, 
having  m  common  a  pergamentaoeous  calyx 
(rarely  fleshy)  with  10  strongly  prominent 
veins,  6  running  to  the  apices  of  the  segments 

nnd  to  the  sinuses.  The  leaves  of  sevtM'al 
other  species  of  section  Furcaria  are  more  well- 
known  vegetables:  Hibiscus  aeetosella  Welw.  ex 
Hiern,  flihi.scufi  rannabinus  L.,  IlihLtrii.s  sab- 
(iariffit  I,,  and  Ifihisrtis  siiralli^iisifi  I,  fhhiscii.i 
inechou  ii  (Jarcke  is  cultivated  as  a  vegetable  in 
DR  Congo  and  is  used  as  a  vegetable,  cough 
medicine  and  fni'  its  filire  in  Zambia.  The 
leaves  of  Hibiscus  noldeae  Baker  t  are  eaten  m 
DR  Ccmgo,  Zimbabwe  and  Tanzania,  whereas 
cordage  is  made  from  the  bast  fybre  in  DR 
Oon  po. 

Hibiscus  asper  can  be  distinguished  from  re- 
lated HibiseuM  spades  by  its  stems  with  fine 

pricl<lrs  poorly  dcvolopod  ^•^potntivo  brnnches, 
narrow  epicalyx  lobes  which  are  not  bifurcate, 
and  a  calyx  with  nectaiy,  white  woolly  hairs 
and  curved  prickles  or  bristles  Hihi.-icua  asper 
was  and  sometimes  still  is  ctinsidered  conspeci- 
I'lc  with  Hibiscus  cujiiiabinus.  It  is  probabij' 
mainly  self-pollinating.  This  is  favoured  by  the 
flowor  stnicture,  with  style  hrnnrhes  included 
in  the  staminal  column  or  hardly  exserted. 

Ecology  Hibiscus  caper  is  found  in  fallow 
fields  i^i  ^issland  and  edges  nf  >:;dlery  forest.  As 
n  wci'd  it  IS  not  considered  very  harmful  in  its 
area  of  origm. 

Genetic  resources  and  breeding  In  Sene- 
gal a  locally  selected  type  of  Hibiscus  asper 


with  narrow  leaves  is  cultivated  on  a  .small 
scale.  Very  few  accessions  are  held  in  germ- 
plasm  collections.  As  Hibiscus  euper  is  wide- 
spread and  often  abundant,  it  is  not  in  danger 
of  genetic  erosion. 

Prospects  Hibiscus  asper  will  continue  to  be 
a  minor  vegetable  of  locjd  importance,  espe- 
cially in  the  Sahel  region.  The  possible  use  in 
breeding  of  commercially  more  important  Hi' 
/>f.scu«  spp.  has  so  far  been  neglected 

Major  references  Rnerls  .\l  &  Lehmann, 
J.,  2002e;  Bartha,  K.,  1990;  BurkiU,  H.M., 
1997;  Wflson,  P.D.,  1999. 

Other  references  .Alvpan.  G.A..  2000:  .^d^- 
pan,  G.A,  &  Ilossain,  M.G.,  1998;  Ilochre- 
utiner  B.P.G.,  1966;  Njiforti,  H.L.,  Hebou,  L.  & 
Bodenkamp.  A.,  1998;  Tollens,  E.,  2003;  Volle- 
sen.  K..  1995b. 

Authors  R.R.  Schippers  &  C.ll.  Bosch 

Hibiscus  calyphyllus  Cuv. 

Protologue  Diss.  6: 283  (1788). 
Family  Malvaceae 
Chromosome  number  2n  —  80 
Synonjrms  Hibiscus  eedyeimis  Willd.  (1800). 
Vernacular  names  Lemon-^ed  rose  mal- 
low (En). 

Origin  and  geographic  dlstrflbutloB  HibiS' 

cus  calyphylbis  is  widely  di.stribuled  in  Cen- 
tral, East  and  southern  Africa,  Madagascar 
and  the  Mascarene  Islands,  and  occurs  also  in 
South  Afiica  and  Yemen.  In  Hawaii  it  is  culti- 
vated and  naturalized  in  low-elevation  dry 
areas.  Elsewhere  in  the  tn^ics  and  subtropics 
it  is  cultivated  as  an  ornamental. 

Uses  The  leaves  of  Hibiscus  calyphyllus  are 
eaten  as  a  vegetable  especially  in  East  .Vfrica. 
They  are  collected  from  the  wild  during  the 
rainy  season,  wilted,  chopped  and  boiled  mixed 

with  other  l  onrsr  vepotables.  This  vepetnblo  is 
eaten  frequently  locally',  but  in  small  amounts. 
In  Uganda  poles  made  from  the  stems  are  used 
for  building  by  the  Karamajong  people.  The 
bast  fibre  is  made  into  rope  in  Uganda  and 
Tanzania.  Hibiscus  calyphyllus  is  cultivated 
throughout  the  tropics  and  subtropics  as  an 
ornnmontal.  In  OR  <^nnpo  the  leaves  are  used 
in  a  mixture  with  several  other  plant  species  to 
prepare  a  cure  for  ganglions  in  domestic  ani- 
mals. In  Kenya  and  Tanzania  the  leaves  are 
applied  to  wounds  as  a  dressing.  The  vapour  of 
boiled  roots  is  inhaled  and  the  decoction  drunk 
to  treat  pneum<mia. 
Botany  Perennial  herb  or  shrub  up  to  3  m 
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tall;  stem  with  long  hnirs.  Loaves  altemntc, 
simple;  stipules  threadlike,  up  to  1.5  cm  long: 
petiole  up  tx>  9(-18)  cm  long;  blade  broadly 
ovjife  to  orbicular,  sometimes  shfillowly  3- 
lobed,  up  to  19  cm  x  19  cm,  base  slightly  cor- 
date, apex  acute,  margin  serrate,  with  stellate 
hairs.  Flowers  solitary  in  leaf  axils,  ofti  n  con- 
gested at  ends  of  branches,  bisexual,  regular,  5- 
merous;  epicalyx  segrments  5,  variable  in  shape, 
apex  entire;  cnlyx  campanulate,  up  to  2  cm 
lonp:  petals  i'rov  ohovntr  up  to  6  cm  long,  pnle 
yellow  with  red  or  purple  base;  stamens  nu- 
merous, united  into  a  column  up  to  1.2  cm  long; 
ovary  flupcrinr  ."-ri'lli'(l  style  with  5  branches, 
induded  in  the  stamina!  column.  Fruit  an 
ovoid,  beaked  capsule  up  to  2.5  cm  kmg, 
densely  hairj',  many-seeded.  Seeds  reniform,  c. 
4  mm  3  mm  long,  shortly  hairy. 
Hibiscus  comprises  200—300  species,  mainly  in 
the  tropics  and  subtropics.  Hibiscus  ailyphyl- 
lii.t  belongs  to  section  Calyphylli,  which  is 
characterized  by  its  epicalj'X  of  5  segments. 
Hibiscus  calyphyUus  and  Hibiscus  ovaUfoUus 
(Forssk.)  Vahl  are  sometimes  considered  con- 
specific  but  mifht  well  prove  to  be  distinct. 
The  Hawaiian  plants  assigned  to  this  species 
possibly  deserve  specific  rank.  Hibiscus  ealy- 
phyllii.i  docs  not  occur  at  low  altiludes  and 
records  of  uses  and  properties  of  Hibiscus  from 
the  coast  of  East  Africa  probably  do  not  refer  to 
this  spcci(\s.  Until  a  proper  revision  of  section 
Calyphylli  becomes  available,  identification  of 
species  remains  difficult. 

Eieology  Hibiscus  calyphyUus  occurs  in  rain- 
fni-f'st    rivcnne  forest,  thickets  and  grassland 
along  roadsides  and  on  fallow  land,  up  to  2100 
m  altitude.  In  Tanzania  it  grows  in  areas  with 
an  annual  rainfall  of  i  loo-icoo  mm. 

Management  .\s  a  wiiil  nihi.iriin  rnlyphyl- 
lu3  18  not  very  important  but  it  is  an  important 
host  for  the  cotton  pest  spiny  bollworm  (J&»nas 
spp.).  \Miorevcr  I i-ansiji-nic  rnlton  with  the  Bt 
gene  is  grown,  Hibiacua  calyphyUus  popvila- 
tions  can  be  useful  in  conserving  susceptible 
genes  in  the  bollworm  population  to  counteract 
resistance  of  the  pest  a^amst  the  toxin  pro- 
duced by  the  transgenic  cotton  plants. 

Genetic  resonroes  and  breeding  There 
nro  few  accessions  of  Hihisru.'i  calyphylliis  in 
genebanks.  In  its  area  of  distribution  the  spe- 
cies is  fairly  common  and  not  \mder  threat  of 
geneticeiosiDii 

Prospects  Hihisni.i  calyphyUus  will  remain 
u  minor  vegetable  with  only  local  importance. 
A  taxonomic  rovisi<m  of  Hibiscus  is  badly 
needed  to  avoid  confusion  in  identifying  spe- 


cies. Unlj'  Uihiscus  section  Fuivaria  has  been 
revised  recently,  and  even  the  delimitation  of 
the  genus  and  its  sections  is  still  unclear. 

Major  references  Exell.  A.W.  &,  .Meeu'^e, 

A.  D.J.,  1961;  Ruffo,  O.K.,  Bimie,  A.  &  Tengnas, 

B.  .  2002;  VoUesen,  K.,  1995b. 

Other  references  Baerts  M.  &  Lehmann, 
J..  2002f;  Beentje,  II.J.,  1994b;  Green,  W.M.  et 
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G.W.,  Imada,  C.T.  &  Herbst,  D.R.,  2003. 
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Hibiscus  cannabinus  L. 

Protologue  S\  st  nat.  ed.  10(2);  1149  (1759). 
Family  Malvaceae 
Chromosome  number  2n  =  36 

Synonyms  ffihisriis  sahilaviffa  \..  subsp. 
cannabiuus  (L.)  G.  Panigrahi  &  Murti  (1989). 

Vernacular  names  Kenaf,  vegetable  kenaf, 
Guinea  hemp,  Deccan  hemp  (En).  Kenaf  chan- 
vre  de  Guuiee.  chainie  de  Bombay  da  (Fr). 
Nacacha,  nhacandora,  canhamo  brasileiro  (Po). 

Origin  and  geographic  distribntion  HU>is- 

riis  cdii iKibiinis  is  a  common  wilfl  i)lant  in  must 
African  countries  south  of  the  Sahara,  it  may 
have  been  domesticated  as  a  fibre  plant  al- 
ready 6000  years  ago  in  Sudan.  Kenaf  is  now 
widespread  in  the  tropics  and  .subtropics.  As  a 
vegetable  it  is  w  idely  gi-own  in  Africa,  where  it 
is  grown  on  a  much  smaller  scale  as  a  fibre 
crop.  In  the  past  it  has  been  of  sonie  impor- 
tanc-e  as  a  commercial  fibre  crop  in  Cote 
d'lvoire,  Buricina  Faso,  Toga,  Benin,  Niger, 
Kmya,  Tanzania  and  Malawi.  India  has  long 


Hibiscus  eamiabinus  -  wHd  and  planied 
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been  the  Inrgcst  producer  of  kenaf  fibre. 

Uses  The  shoots  or  young  leaves,  and  some- 
times the  flowers  and  young  fruits,  are  used  as 
a  vegetablf  In  l't;anil;i  ;i  local  dclicacv'  is  made 
firom  the  seeds.  These  are  roasted,  ground  and 
pounded,  and  the  flour  and  skin  are  separated 
in  water.  The  flour  is  rejected  Init  the  tloating 
skin  parts  are  used  for  the  preparation  of  a 
paste,  mixed  with  boiled  pigeon  peas.  Children 
chew  the  h;jrk  for  lis  s\ve{»( ness.  Th<>  stem  is  a 
source  of  fihn'  iisi  d  in  the  manufnrtiire  of 
twine,  rope  and  coar.se  textiles  for  sacking  and 
cloth  for  packaging;  special  fibre  cultivars  ex- 
ist, The  production  of  kenaf  fibre  ui  Africa  is 
rather  uncommon,  but  locally  important,  e.g.  in 
northern  Nigeria,  Niger  and  Sudan,  where  it  is 
used  for  cordage,  twines,  fishlines  and  nets. 
Dried  scraped  ribbons  are  used  for  twine  and 
cordage  for  slaepmg  mats.  Ribbons  and  whole 
stems  are  a  raw  material  for  the  pulp  and  pa- 
per industry.  Seeds  from  the  fibre  crop  are 
used  for  oil  extraction,  the  rest  being  used  as 
feed.  The  oil  is  suitable  as  a  lubrif»nt  and  for 
illumination,  for  manufacture  of  soap,  linoleum 
and  in  |>aints  and  varnishes. 
In  local  medicme  m  Kenya,  pounded  roots  are 
administered  to  spider  bites,  and  leaves  are 

used  to  (real  stomach  disorders  Tn  West  Af- 
rica, powdered  leaves  are  applied  to  sores  and 
boils,  and  a  leaf  infusion  is  administered  for 
treating  cough.  In  India,  juice  from  the  flowers 
is  taken  npninsf  biboiisness  while  the  seed  are 
considered  stomachic  and  aphrodisiac.  Whole 
3roung  plants  are  an  excellent  fodder  for  cattle. 
The  stem  core  (xylem)  l<  us<>d  in  combination 
with  peat  moss  {Sphagiiuin)  and  fertihzers  as  a 
growth  medium  for  plants.  Kenaf  plants  accu- 
mulate minerals  such  as  selenium  and  boron 
and  can  be  used  as  a  bioremedial  tool  for  re- 
moving these  metals  from  contaminated  soil. 
In  West  Africa  the  plants  are  used  as  boundaiy 

marl:ii-s 

Production  and  iuternatioual  trade  Kenaf 
leaves  are  sold  at  local  markets  in  West  and 
Central  Africa.  Statistics  on  production  and 
trade  as  a  vegetable  are  not  readily  avadable 
World  production  of  kenaf  fibres  is  estimated 
at  400,000  t^ar  averaged  over  1997-2001. 
India  is  by  far  the  lai-tjrsf  firiMhircr  (2.''(),0()0 
tfyear).  In  Africa,  production  is  limited  and 
practically  all  kenaf  fibre  is  produced  domesti- 
cally. Industrial  production  is  reported  fix>m 
Nigeria  and  Sudan. 

Properties  The  composition  of  kenaf  leaves 
per  100  g  edible  portion  is:  water  79.0  g,  energy 
280  kJ  (67  kcal),  protein  6.6  g,  Cat  1.2  g,  carbo- 


hj'drate  12.2  g,  fibre  2.3  g.  Ca  18  I  mg  P  18  mg, 
Fe  12.1  mg.  ascorbic  acid  75  mg  (Leung,  VV,- 
T.W.,  Busson  F  &  Jardin,  C,  1968).  The  com- 
position of  kenaf  leaves  is  comparable  to  other 
dark  green  lealy  vegetables. 
Kenaf  produces  a  bast  fibre  similar  to  jute,  but 
with  a  yrcat*  r  l<  n<ile  strength,  somewhat 
coarser  and  more  brittle.  On  a  dry  weight  basis 
the  bast  fibre  content  of  the  stem  ranges  from 
21%  in  wild  accessions  up  to  'M)%  in  modem 
cultivars  Individual  bast  fibres  ar(^  ( 1  .ri-)2— .'}(— 
12)  mm  long  and  (7->15-25(— 11)  (im  in  diame- 
ter with  a  cell  wall  thickneBs  of  4-9  ^m.  Paper 
made  from  kenaf  bast  fibre  by  chemical  pulp- 
mi:  IS  stronger  than  paper  from  softwood  pulp; 
pajx  1  made  from  whole  stems  by  diemical 
pulping  has  strength  properties  between  paper 
made  from  chemical  pulp  from  softwood  and 
that  made  from  hardwood;  it  is  comparatively 
tight  and  nonporous  compared  to  paper  made 
from  wood. 

Seeds  contain  up  to  22C-26)%  oil,  with  a  fatty 
add  composition  of  palmitic  add  14—20%, 
stearic  acid  3-7%  olcn  n  d  28-51%  and  li- 
noleic  acid  23-l''i%.  The  oil  has  phviotoxic  and 
fimgitoxic  properties.  The  presscake  contains: 
moisture  9%,  crude  protein  32%,  oil  8%,  crude 
fibre  8%  and  practically  no  antinutritional 
components. 
Adnlterattoiu  and  snbatltates  Kenaf  leaves 

in  di.shes  can  be  replaced  by  roselle  (HibiscUf 
saluhirifl'ii  L.)  or  other  leafy  vegetables, 
l-'or  many  purposes,  such  as  packaging  and 
cordage,  kenaf,  jute  {Corehoms  eapaularia  L.), 
roselle  {Uihisvus  sahdariffa  L.)  and  cx)ngo  jute 
{Ureiia  lobala  L.)  may  be  substituted  for  each 
other,  although  kenaf  and  roselle  are  coarser 
and  therefor*'  cheaper  than  jute. 

Description  Annual  herb  up  to  2  m  tall  in 
the  wild,  up  to  5  m  in  cultivars;  taproot  well 
developed,  with  lateral  roots  spreading  hori- 
zontnlly  tn  1  m  and  adventitious  roots  on  low- 
est stem  section;  stem  erect,  slender,  c^'lmdri- 
cal,  priddy  on  wild  accessions.  Leaves  alter* 
nate,  simple;  stipules  filiform  mm  long, 

pubescent:  petiole  3-30  cm  kmg:  blade  1-19  cm 
X  0.1—20  cm,  very  shallow  ly  to  very  deeply 
palmately  3— 7-lobed  in  lower  part  of  plant, 
often  unlobed  in  upper  part  or  even  brartlike 
near  the  apex,  base  cuneate  to  cordate,  apex 
acuminate,  margins  serrate  or  dentate,  upper 
surface  glabrous  but  with  a  prominent  mm 
long  nertnn,'  at  the  base  of  the  midrib,  lower 
surface  haiiy  along  the  vems.  Flowers  axillaiy, 
solitary  or  sometimes  dustered  near  the  ap«K 
of  the  plant,  bisexual,  6-merou%  7.6-10  cm  in 
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Hibiscus  eannabinus  -  1,  habit  of  young  ptatU; 

2,  fiowerillii  .than!. 

Redrawn  and  adapted  by  Acliinad  Saliri  A'ur- 
hatnatt. 

dinmotrr;  jkmIicc]  2-(>  mm  long  artirxilntod  nt 
the  base;  epicalyx  of  7-8  luiear  segments  7-18 
mm  long,  persistent;  calyx  campanulate  with 
acuminate  fo  subcaudate  lobes  1-2, Ti  cm  lung 
(up  to  3.5  cm  in  cultivars),  persistent,  green, 
bristly  and  with  a  characteristic  white,  woolly, 
arachnoid  tomentum  especially  near  the  bns(> 
and  margins,  with  a  prominent  nectaiy  trlnnd 
on  each  midrib;  petals  free,  usually  spreading, 
twisted  clockwise  or  antidodcwise,  obovate,  4- 
n  cm  X  3-5  cm  outer  side  stellnte-pubesrrnt 
usually'  cream  to  yellow  with  red  inner  base, 
sometimes  blue  or  purple;  stamens  numerous, 
filaments  united  inin  ;i  rukiinii  suniaindmg  the 
styl(>,  17-2:!  mm  luiiu.  cl;uk  red.  with  yellow  or 
red  anthers;  ovai-j  superior,  ovoid,  villose,  5- 
oelled,  style  branc^inif  into  d-6,  hairy  arms  2-4 
mm  lonij  rnrh  branrh  ending  in  a  mpitnte 
stigma.  Fruit  an  ovoid,  shortly  beaked  capsule 
12-20  mm  x  11-15  mm,  densely  appressed 
pubescent,  20-25(-35)-8eeded  Seeds  reniform 
to  triangular  with  acute  angles,  3-1  mm  x  2-3 
mm,  grey  to  brown-black  with  pale  yellowish 
qpots,  hilum  brown.  Seedling  with  epigeal  ger- 
mination. 


Other  botanical  information  Ili'bisais  com- 
prises  200-300  species  mainly  in  the  tropics 
and  subtropies.  many  of  which  are  grown  as 
ornamentals,  The  estimated  number  of  species 
varies  because  opmions  differ  about  inclusion 
or  exclusion  of  several  related  groups  of  species 
in  the  genus.  Kenaf  belongs  to  Hibiscus  section 
Fiircaria,  a  group  of  about  100  species  which 
have  in  common  a  pergamentaceolu  calyx 
(rarely  fleshy)  with  10  strongly  prominmt 
veins,  5  running  to  the  apices  of  the  segments 
and  bearing  a  nectaiy,  and  5  to  the  smuses. 
Interspecific  hybridization  has  been  attempted 
with  variable  success  between  Hibiscus  caii- 
nabiiMS  and  other  species  within  the  same 
section,  such  as  H&>iseus  sabdariffa  h.,  HibiS' 
cus  radiatus  Cav.,  Hibisctts  diicrsifolius  Jacq. 
and  Hibiscus  acctosellu  Wi  lw  ex  Iliem. 
Hibiscua  caiinabinua  can  easily  be  distin- 
guished  finom  the  related  species  Hibiscus  sab- 

dariffd  by  the  whitrv  nrnc-hnnid  tomentum  on 
the  calyx.  Hibiscus  cannabinua  is  very  variable 
and  various  subdassifications  have  been  pro- 
posed, but  none  is  generally  accepted.  The 
vegetable  t\'pes  such  as  Malakwang'  grown  in 
Uganda  have  a  bushy  form. 

Ghrowtli  and  development  In  general  ke- 
nrif  i<  rin  obligate  short-day  i)lan<.  Flowt  rini.'  is 
influenced  by  the  time  of  planting;  long  days 
and  high  temperatures  prolong  the  vegetative 
growth  phase,  an  advantage  for  vegetable  and 
fibre  crops.  Most  rvdtivnrs  remain  vegetative 
until  the  photoperiod  falls  below  12.5  hours.  In 
Ghana,  day-neutoal  early  maturing  varieties 
exist  that  take  46-66  days  from  sowing  to  flow- 
ering. 

Kenaf  is  mainly  an  out-breeding  plant,  but  up 

to  30%  self-pollination  occurs.  Flowers  open 
before  daybreak  and  begin  to  close  nhout  mid- 
day. The  flower  structure  promotes  cross- 
pollination.  The  pistil  is  functional  wh«i  the 

flower  njii  ns  while  the  stnmens  are  not  dobisc- 
ing  until  shortly  after  sunrise.  While  the  pistil 
is  still  functional,  the  stigmatic  lobes  hang 
down,  almost  touching  the  unopened  anthers. 
Later  m  the  day.  the  stigmatii-  lolies  become 
turgid  and  soon  stand  above  the  anthers,  which 
lose  their  pollen.  Cross-pollination  is  mainly 

effected  by  insects  such  as  bees.  Seeds  ripen  in 
about  5  weeks  after  anthesis.  In  wild  and  vege- 
table types  the  fruit  wall  bursts  and  the  seeds 
are  spread  on  the  ground,  whilst  in  fibre  types 
the  fruits  are  indehiscent. 

Ecology  Kenaf  grows  naturally  in  grassland 
and  as  a  weed  in  fields  and  wasteland.  It  is 
grown  from  sea  level  up  to  an  altitude  of  2700 
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m  but  docs  not  do  well  above  2500  m  and  docs 
not  tolerate  frost.  It  does  well  at  day  tempera- 
tures between  16'C  and  27''C  with  500-625 
mm  rninfiill  dist iihutfd  over  n  period  of  l-H 
months.  Lower  temperatures  retard  plant 
growth.  It  does  best  on  well-drained,  neutral 
sandy  loams,  rich  in  humus.  It  does  not  toler- 
ate \\  atcrlogging. 

Propagation  and.  planting  Kenaf  is  usu- 
ally propagated  from  seed  but  may  also  be 
propapatod  through  ruttings.  Srod  yield  is  I- 
28  g/plant;  the  IQOO-seed  weight  25-27  g,  in 
wild  forms  only  9—12  g.  Under  ordinary  storage 
conditions  at  ainluiiit  temperatures  and  hu- 
midity, seeds  remain  viable  for  about  8 
months.  The  optimum  temperature  for  seed 
germination  is  about  35**C.  In  home  gardens  or 
on  small  plots  of  vegetable  kenaf  seeds  are 
sown  two  ur  three  at  a  time,  at  spacings  uf  15 
cm  X  16  cm.  This  system  is  also  used  when 
infrrplnntins  with  other  crop.^.  ( 'nmmcrcinl 
farmers  may  broadcast  the  seed  for  a  crop  that 
will  be  vq>rooted  once  the  stems  are  20-30  cm 
long.  For  ratoon  cropping  farmers  usually  sow 
in  rows  30  cm  apart.  After  a  first  thinning  the 
within-row  spacing  is  5—7  cm.  Germmatiun  of 
untreated  seed  takes  about  7  days,  longer  than 

for  most  vopet nhles:  for  this  reason  some  farm- 
ers soak  their  seed  in  water  fur  24  hours  prior 
to  sowing,  obtaining  emergence  after  3  days. 
The  latter  method  can  only  be  used  when  rain 
is  pxportod  soon  after  sowing  or  when  irriga- 
tion facihties  are  available. 
For  fibre  production  kenaf  is  broadcast  at  a 
seed  rate  of  irt-25  ky/ha  or  drilled  at  a  sparing 
of  2O-4S0  cm  between  rows  and  a  5— lU  cm 
within  rows,  but  somewhat  wider  to  produce 
fibre  for  making  paper.  Broadcast  crops  require 
thinnitvjr  to  ahniit  100,000  plant.s/lia. 

Management  Kenaf  responds  well  to  fertil- 
izers and  organic  manure,  but  only  farmers 
producing  for  the  market  are  preparorl  to  in- 
vest in  this  crop.  Manure  at  a  rate  of  10-20 
t/ha  is  preferred,  but  if  it  is  not  available,  an 
initial  application  of  250  kg/Iia  compound  fer- 
tilizer (eg  XPK  lo-lo-ln)  IS  recommended. 
An  additional  application  of  nitrogen  as  side 
dressing  of  50  kg/ha  is  needed  after  the  first 
cutting  and  this  ran  ho  rrprafod  after  evor\' 
harvest.  Ratoon  crops  can  be  picked  up  to  Hve 
times  when  adequate  fertilizer  is  provided. 
Kenaf  may  be  grown  akne  or  intercropped 
with  other  plants.  In  some  regions  it  is 
semicultivated  as  a  protected  weed  for  use  as  a 
vegetable. 

Kenaf  grown  for  fibre  grows  rapidly  and  re- 


quires little  weeding  after  the  first  month  after 
sowing. 

Diseases  and  pests  Diseases  and  pests  of 

vegcfnlilc  ki'iiaf  an'  thr  same  as  re])orted  foi- 
the  fibre  crop,  and  most  of  them  are  also  simi- 
lar to  these  of  cotton  and  okra.  The  main  dis- 
eases are:  foot  stem  and  collar  rot  and  wilting 
caused  by  Phytophthora;  Seleroliuin  mlfaii 
causing  collar  rot;  powdery  mildew  caused  by 
Lei  eillula  hinrica:  Coiiiella  inusaiaenaia  caus- 
ing Ir.af  sjjot:  Si'Ii'nosjxirrlhi  s[ifrics  raiising 
root  rot  and  wiltmg;  Rhizoctonia  sulaiti  causing 
stem  rot  and  lodging;  Pythium  deUense  causing 
root  if)t:  F^hoinopsi's  species  causing  sti'in  sjiot; 
VerticilLiiiin  dahliae  causing  wilting;  Fuaarium 
oj^apomm  causing  wilting  and  necrosis;  to- 
bacco necrosis  virus  (TNV);  and  hibiscus  latent 
ringspot  virus  (HLRSV).  which  is  seed  trans- 
mitted. 

Hie  cotton  flea  beetle  Pbdagriea  punetieoUia  is 

a  notable  pest  most  sn-ioiis  in  thr  sffrHinir 
stage.  Oxycarenus  spp.  and  Dysdeixua  aupersti- 
tioma  are  seed  infesting  bugs.  Kenaf  is  espe- 
cially susceptible  to  root-knot  nematodes 
(Melouiugyne  spp.)  that  may  reduce  growth  and 
yield  especially  on  light-textured  soils.  Nema- 
todes also  predispose  affected  plants  to  patho- 
genic soil  fimgi.  In  order  to  control  nematodes, 
crop  rotation  is  recommended  especially  with 
amaranth  or  a  cereal  crop,  and  liberal  applica- 
tion of  organic  fertilizer.  Chemical  spraying  for 
control  of  posts  and  diseases  is  rarely  applied. 

Harvesting  Vegetable  kenaf  takes  3—1 
weeks  fit>m  emergence  to  the  first  harvesting. 
.\s  a  first  thinning,  plants  of  ahout  20  rm  arc 
pulled  up  and  marketed  with  their  roots  at- 
tached. When  ratoon  cropping  is  practised,  the 
second  harv(  st  is  at  the  6-week  stage,  2-3 
weeks  after  the  thinning  round.  Cutting  is 
done  at  a  height  of  6-8  cm,  leaving  3  leaves 
and  buds  for  regrowth.  Up  to  4—5  harvests  may 
he  carried  out  at  'J-il  wcok  ratooning  inton-als 
After  that,  the  remaming  loose  leaves  are  col- 
lected for  home  consumption.  In  commercially 
grown  broadcast  crops  whole  plants  are  pulled 
up  when  2n-.'T;0  cm  tall  and  are  sold  at  the 
market  with  their  roots  attached. 
Tlie  recommended  time  of  harvesting  kenaf  as 
a  fibre  crop  for  an  optimum  balance  in  fibre 
yield  and  quaUty  is  when  about  50%  of  the 
plants  are  flowering.  Plants  are  cut  near  the 
L;ifii.iiiil  and  tied  into  loose  bundles  that  are 
placed  upright  in  the  field  for  2-',\  days  to  in- 
duce defoliation  and  drying.  Stems  are  then 
graded  and  tied  into  bundles  of  about  10  kg 
and  of  even  stem  thickness. 
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Yield  The  yield  for  once-over  harvest,  as  a 
vegetable  bj^  uprooting  is  20-30  t/ha.  For  ra- 
toon  cropping,  a  total  of  60  t/ha  is  feasible  from 
n  h.'tivcst  rniiinN  ili'pcndins:  on  ^lil  fcilility 
and  moisture.  The  highest  yields  are  obtamed 
from  the  second  and  third  cuts. 
World  yield  nf  kcnaf  ;is  M  filirc  crop  averages 
about  1.2  t  dr>'  fibre  per  ha.  The  potential  yield, 
obtained  in  experimental  fields  with  improved 
cultivars,  is  .>-")  i  dry  fibre  per  ha 

Handling  after  harvest  Fre.'ih  shoots  are 
easily  transported  and  can  be  kept  in  good  con- 
ditim  for  1—2  days  especially  in  shade  or  cool 
places.  Sprinkling  with  water  helps  to  keep  the 
leaves  freah.  Leaves  can  be  preserved  by  sun- 
drying.  The  dried  product  is  brokoi  into  small 
pieces  or  ground  to  powder  and  used  in  aoups. 
For  fibre  production  kenaf  stems  are  usually 
relied  in  clear  and  slow-muving  water  for  a 
period  of  10-16  days  at  temperatures  above 

■M)°C  to  liberate  the  fibroN  from  the  l>,-irk 
Sometimes  stems  are  decorticated  (ribboned) 
and  only  the  ribbons  are  steeped  in  water,  cut- 
ting retting  time  by  half.  When  retting  is  com- 
plete, the  fil>res  are  stripi>ed  manually  from  the 
stems,  washed  thoroughly  in  clean  water  and 
dried  well  in  dust-  and  sand-firee  conditions. 
The  dried  fibres  are  transported  in  crude  bales 
of  60-150  kg  to  the  spinning  mills.  Whole 
stems  may  also  be  tran^rted  to  pulp-  and 
paper-making  factories.  Kenaf  can  be  pulped 
by  chemical  semi-chemical  and  mechanical 
processes.  The  alkaline  sulphite-anthraquinone 
process  is  suitable  for  kenaf  bark  and  whole 
-ti'tiis  siiving  better  yield  stn-ngth.  viscosity 
and  brightness  of  the  (mlp  than  suda  and  soda- 
anthraquinone  ]>ulping. 

Genetic  resources  Local  landran^s  of  vege- 
table kenaf  are  presently  not  at  great  ri*;k  of 
genetic  erosion,  but  the  genetic  variability  m 
fibre  cultivars  is  narrow.  In  Africa  no  major 

rollerfions  of  kenaf  have  been  reported.  The 
Crop  Research  institute  in  Kumasi,  Ghana, 
has  a  germplasm  collection  of  local  cultivars  of 
the  vegetable  type.  In  other  countries  (India, 
Bsingladesh)  laiue  colli'et ions  of  kr-n.')!'  as  fibre 
crop  are  mamlained.  The  iJangiudesh  Jute 
Researdi  Institute  (6JRI)  at  Dhaka,  Bangla- 
desh, has  been  designated  as  the  world  perm- 
plasm  depositoiy  for  kenaf  and  maintains  a 
collection  of  some  920  accessions,  including  old 
and  new  cultivars  lan  li  :  >  wild  and  semi- 
wild  accessions  of  kenaf  and  i  clated  species. 

Breeding  Almost  no  research  has  been  car- 
ried out  to  enhance  the  genetic  potential.  The 
existing  landraoes  are  mixtures  of  genotypes; 


the  available  diversity  should  be  studied  and 
selections  made  from  the  desirable  types.  Pur- 
ple-flowered strains  and  the  purple  false  ro- 
selle  (Hibiscti.i  acrfosfUa)  are  resistant  to  the 
main  disease  of  kenaf,  root-knot  nematodes; 
hence  they  are  potential  sources  of  desirable 
genes  in  breeding  programmi's, 
Breeding  of  fibre  cultivars  with  high  potential 
yields  tmder  suboptimal  conditions  is  urgent  as 
kenaf  grown  for  fibre  is  being  pushed  increas- 
ingly towards  marginal  environments.  Other 
breedmg  objectives  ai-e  plants  without  prickly 
stems  and  bristly  capsules  to  facilitate  harvest- 
in  g.  and  resistance  to  diseases,  nematodes  and 
pests. 

Proqfteets  K^af  is  a  high-yielding  and  in- 
creasingly popular  vegetable  for  the  city  mar- 
kets. rontrar\'  to  the  popular  roselle  (Hibiscus 
sabdari/fu),  it  can  be  grown  near  the  equator. 
At  present  its  main  constraint  is  its  sensitivity 

to  nematodes.  If  this  problem  ran  be  solved, 
vegetable  kenaf  may  well  face  a  bright  future. 
Kenaf  fibre  is  a  biod^radable  and  environ- 
ment-friendly raw  material  suitable  for  many 

applications,  such  as  woven  and  non-woven 
fabrics,  geutextiles  and  semi-rigid  and  lami- 
nated sheets  for  padcaging  and  panelling.  Ke- 
naf stems  arc  an  e\c-ell(>nl  siihsliUilc  fur  suft- 
wood  as  raw  material  for  the  pulp  and  paper 
industry.  Prospects  for  increased  kenaf  fibre 
and  pu^  production  are  good  in  view  of  grow- 
ing concerns  about  environmental  pollution 
and  dwindlmg  forest  resources. 
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Hibiscus  sabdariffa  L. 

Protologue  Sp.  pi.  2:  695  (1753). 

Family  Mnlvacffie 

Chromosome  number  2»  —  72 

Vemaeular  name*  Roselle,  Jamaican  sor- 
rel, Indian  sorrel.  bis<*ap.  karkadeh  (En).  Oseil- 
le  de  Guinee,  roselle,  the  rose  d'Abyssinie,  gro- 
seille,  karkad^  (Fr).  Vinagreira,  azeda  de  Gui- 
ne.  quiabeiro  asedo  (Po).  Ufiita,  ufiita  dume 
(Sw). 

Origin  and  geographic  distribution  Hibis- 
cus atAdaiiffa  probably  originates  from  Africa, 

whert'  it  may  have  been  domesticated  in  Sudan 
about  6000  years  ago,  first  for  its  seed  and 
later  for  leaf  and  calyx  production.  In  the  17* 
century  vi^i  t ,il i|.  types  were  introduced  to 
IiicIki  ami  tht  Aiiu'ricas.  Selection  for  fil>r('  pro- 
ducliun  took  place  in  Asia,  where  cultivation  is 
reported  from  the  beginning  of  the  20f>  oen- 
tuiy,  e.g.  in  India,  Sri  Lnnkn  Thailand  Malay- 
sia and  Java.  Roselle  is  now  found  throughout 
the  tropics.  In  tropical  Africa  it  is  especially 
common  in  the  savanna  region  of  West  and 
Central  Africa  It  is  often  fouml  is  an  escape 
from  cuUivation.  However,  apparently  truly 
wild  plants  of  Hihiama  aabdanffa  have  been 
mill  1 1  I'd  in  Ghana,  Niger  Xij^nrin  and  Angola. 

Uses  In  Africa  roseiif  has  two  main  uses:  as 
a  v^[etable  and  for  preparation  of  a  beverage. 
Young  roselle  shoots,  leaves  and  calicos  are 
used  as  a  conked  vcgetablr  or  finely  cut  and 
used  ill  sauces.  The  leaves  and  fresh  green 
calioes  are  used  to  make  a  soup,  which  is 
rather  mucilaginous  in  texture  Freshly  har- 
vested leaves  and/or  calyces  are  also  added  to 
water-baaed  sauces;  oil,  salt,  onions,  dried  fish 
and  hot  pepper  are  often  added.  The  sauces  are 
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oaten  with  tuber  or  cereal  pnrru]<Trs  or  rice. 
Green  roselle  types  are  more  ippu  ciated  for 
use  as  a  cooked  vegetable  than  red  types, 
which  are  more  commonly  used  in  sauces  In 
some  areas  the  leaves  are  mixed  with  ground- 
nut or  sesame  paste.  The  stewed  calyces  of  the 
green  type  are  added  as  a  condiment  Cbekej')  to 
rice  dishes  in  Senegal.  In  the  United  States 
leaves  and  young  shoots  are  also  eaten  raw  in 
salads  and  the  red  fleshy  calyx  lobes  are 
chopped  and  ui^od  in  frait  salads,  but  these 
uses  are  not  common  m  Africa.  In  Cote  d'lvoire 
the  dried  calyces  ground  to  powder  are  used  in 
sauces  during  the  dry  season. 
The  dried  red  calyces  are  commonly  used  to 
prepare  a  tea,  drunk  hot  or,  more  commonly, 
culd  after  adding  sugar.  It  is  a  smu-  tasting, 
refreshing  drink.  ver\'  popular  from  Scne^jai  to 
Sudan  and  in  Egypt  and  other  northern  Afri- 
can countries  where  it  is  referred  to  as  "kar- 

kade'.  Juice  is  often  .sold  chilled  or  frozen  as 
bissap  (Senegal)  or  da  bilenni  (Cote  d'lvoire, 
Mali,  Burkina  Faso)  along  highways  and  in 
urban  markets.  Mint  or  ginger  is  sometimes 
added  when  boiling  the  calycvs  particularly  if 
the  juice  is  to  be  sold  fro/en.  The  calyces  are 
also  boiled  down  to  make  a  syrup  concentrate. 
Due  In  their  high  inherent  pectin  content,  ro- 
selle jams  and  jellies  are  also  popular,  particu- 
larly in  Senegal,  the  Caribbean  region  and 
southern  Asia.  The  dried  calyces  are  used  in 
Western  countries  as  n  base  for  many  herbal 
teas  and  as  a  source  of  red  food  colorants.  Fol- 
lowing tsalyx  harvest  in  West  Africa,  roselle 
plants  are  often  used  as  fodder  for  livestoc-k 
The  oil  of  roselle  seed  is  extracted  and  used  iur 
cooking,  e.g.  in  Chad,  Tanzania  and  China. 
However,  the  seed  oU  is  claimed  lo  contain 
some  toxic  substances  and  may  l)e  better  used 
in  the  soap  and  cosmetics  industries.  Locally, 
the  seeds  are  eaten  roasted  as  a  anedc  or 
ground  into  meal.  Tn  the  Plateau  region  of  Ni- 
geria people  ferment  roselle  seeds  to  make  a 
cake  used  as  'sorrel  meat'.  The  oil  is  also  used 
as  an  ingredient  of  paints. 

Roselle  tea  is  used  to  suppress  high  blood  pres- 
sure. The  leaves  are  a  source  of  mucilage  used 
in  pharma^  and  cosmetics.  Extracts  are  often 
used  medicinally  to  treat  colds  Innthache,  uri- 
nary tract  mfections  and  hangovers.  Leaf  juice 
is  used  to  treat  conjunctivitis  in  Senegal. 
Leaves  are  apjilied  as  a  poultice  to  treat  soies 
and  ulcers.  A  root  decoction  can  be  used  as  a 
laxative. 

As  in  Asia,  roselle  fibre  is  locally  used  in  West 
Africa,  but  on  a  very  small  scale.  The  bast  fibre 
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is  n  good  substitute  for  jute  and  it  is  used  for 
making  twine,  cordage,  rope,  netting  and 
sadcs.  The  bast  fibre  and  sometimes  also  the 
whole  stem  are  used  in  the  p;iper  industi-v  in 
the  United  States  and  Asia.  The  ornamental 
value  of  roselle  is  of  recent  interest,  as  a  gar- 
den plant  or  cut  llower.  The  deeortitive  red 
stalks  with  ripe  red  fruits  are  exported  to 
Europe  where  th^  are  used  in  flower  ar- 
rangements. 

Production  and  international  trade  Roselle 
is  an  important  leal^'  vegetable  in  the  drier 
parts  of  West  and  Central  Africa.  In  Senegal, 
Mali,  Chad  and  Sudtin  Inrtre  quantities  of  caly- 
ces are  produced  for  the  preparation  of  bever- 
ages. Sudan  is  the  major  country  in  tropical 
Africa  producing  dried  roselle  calycis  iui  1...  mI 
eensumption  and  export,  mainly  in  the  Kurdo- 
fan  and  Darfur  regions  in  the  west  of  the  coun- 
tiy.  Production  of  roselle  leaves  and  calsroes  for 
domestic  consumption  in  .Vfrica  has  nnt  been 
quantified,  although  these  are  common  prod- 
ucts on  local  markets. 

International  trade  of  n  si  ll<  <  ;dyrt  s  has  in- 
creased steadily  over  the  last  decades,  with 
15,000  t/year  now  entering  the  world  market. 
Germany  and  the  United  States  are  large  im- 
porters. Tn  HM)8,  United  Slates  and  German 
importers  paid  1200-1700  US$/t  for  Eg>'ptian 
and  Sudanese  roselle;  prices  of  Chinese  roselle 
were  lower.  Prices  fluctuate  due  to  high  vari- 
ability in  supply  A  decrease  in  product  quality 
in  Thailand  and  China  due  to  excessive  pre- 
cipitati<m  caused  world  prices  to  soar  to  4000 
US$/t  in  20^y^. 

Sudan  is  the  most  important  roselle  producer 
in  Africa,  the  annual  area  fluctuating  between 
11,000  ha  and  riT.OOO  ha  depending  on  the 
amount  of  r.iinfall  and  prices.  In  If^O.T  Sudan 
reported  exports  of  32,000  t.  In  Sudan  small- 
holder farmers  traditionally  grow  roselle  in 
plots  ranping  from  under  0,25  ha  to  2  ha  but 
some  growers  have  up  to  20  ha.  Sudanese  ro- 
selle is  viewed  as  superior  quality,  but  the 
United  States  trade  emiiarun  .ind  Ijuge-scale 
production  m  Mexico.  Thailand  and  ( 'hina  has 
led  to  shifts  in  the  market.  Jamaica  and  fc^gypt 
also  export  roselle.  Senegal  and  Mali  are  also 
major  producers  hut  the  vast  majority  of  their 
production  is  for  domestic  consumption  or  sold 
on  the  local  markets.  Fluctuations  in  export 
prices  for  cash  crops  such  as  cotton  have  led 
many  West  African  farmers  to  diversify  pro- 
duction, e.g.  by  growing  roselle  for  the  domestic 
market.  In  Asia  roselle  is  primarily  a  fibre 
crop,  accounting  for  20%  of  jute-like  fibre  pro- 


duction or  700,000  t/year. 

Properties  The  nutritional  composition  of 
roselle  leaves  per  100  g  edible  portion  is:  water 

RHB  g.  energy  180  kJ  (l.T  kcal).  |.rotein  3.3  g, 
fat  0.3  g,  carbohydrate  9.2  g,  dietaiy  fibre  1.6  g, 
Ca  213  mg,  P  93  mg,  Fe  4.8  mg,  ^-carotene 
equivalent  ll'l")  [.iq  thiamin  0.2  mg,  riboflavin 
0.45  mg,  niacm  1.2  mg,  ascorbic  acid  54  mg. 
The  composition  of  fresh  raw  calyces  per  100  g 
edible  portion  is:  water  8(5.2  g,  energy  184  kJ 
(44  kcal).  protein  l.G  g,  fat  0.1  g,  carbohydrate 
11.1  g,  fibre  2.5  g,  Ca  160  mg,  P  60  mg,  Fe  3.8 
mg,  p-carotene  equivalent  285  ^g,  thiamin  0.04 
mg.  riboflavin  O.O'i  mg  niacin  0.5  mg,  ascorbic 
acid  14  mg.  The  nutritional  composition  of  the 
seed  per  100  g  edible  portion  is:  water  8.2  g, 
energy  1721  kJ  (411  kcal).  protein  19. G  g.  fat 
16.0  g  carltohydrate  51.3  g.  dietar\'  fibre  11.0 
g,  Ca  356  mg,  P  462  mg,  Fe  4.2  mg,  thiamin  0.1 
mg,  riboflavin  0.16  mg,  niacin  1.4  mg,  ascoibtc 
at  id  trac(  (T.eung,  W.-T.W.,  BusBcm,  F.  &  Jar- 
din,  C,  1968). 

The  dried  red  calyces  contain  oi^anic  adds, 
sugars  and  anthocyanin  pigment.  They  are 
high  in  citric,  malic  and  ascorbic  acids,  Rost  llf 
seed  oil  has  properties  similar  to  cotton  seed  oil 
and  contains  linoleic,  oleic,  palmitic  and  stearic 

acids  as  major  fatty  acids.  .\  niimli(M-  of  exceji- 
tional  fatty  acids,  e.g.  epuxy  oleic  acid  and  the 
cy(  lopropene  adds  sterculic  acid  and  malvalic 
acid,  have  been  reported  m  ihe  seed  oil.  Seed 
proteins  nre  mostly  globuluis,  highly  soluble  at 
acidic  and  alkaline  pH  levels. 
Roselle  has  antispasmodic,  anthelminthic  and 
bactericidal  properties  The  antihypertensive 
and  cardioprotective  effects  of  tea  made  from 
roselle  calyces  have  been  demonstrated  in  vari- 
ous animal  (•  <ls.  and  also  in  a  few  clinical 
tests.  The  fihenolic  compoimd  protocatechuic 
acid  isolated  from  roselle  tlowers  showed  anti- 
oxidant, antitumour  and  hepatoprotective  ac- 
tivities. Rnscllc  exlr.acts  also  showed  antipy- 
retic and  anodyne  properties  in  tests  with 
mice.  The  seed  oil  exhibits  antibacterial  and 
antifungal  activities. 

Roselle  produces  a  bast  fibre  similar  to  jute 
{Coixhorus  capsiilaiia  L.  and  Corvliorus  olilo- 
nu9  L.),  except  that  it  is  whiter  and  somewhat 
coarser.  The  raw  retted  and  dried  fibre  makes 
up  about  5%  and  the  dr>'  wood  18%  of  the 
freshly  harvested  and  defoliated  green  stems. 
The  commercial  fibre  has  a  length  of  up  to  2  1 
m  Th<'  bast  fibro  coils  are  (  1 .2-)l,9-3.1(-t>.3) 
mm  long  and  (1U-)  l2-25(- 1 1)  jam  wide,  with 
maximum  length  and  width  in  the  middle  por- 
tion of  the  st^.  Lumen  width  and  cell  wall 
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thickness  varj'  from  3-15  nm  and  ( 4-)8-15  jam, 
respectively.  Most  fibre  cells  have  tapering 
rounded  ends.  The  wood  consists  of  fibre  cells 
0.5-1.0  mm  lony  and  ahout  24-2(i(-32)  inn 
wide,  with  a  lumen  width  of  9  pin  and  a  cell 
wall  thickness  of  3-7  |im.  The  bast  fibres  con- 
tain about  32%  a-oellulose,  10-16%  lignin  and 
1%  aah. 

AdiilterationB  and  substitatea  Leaves  of 

other  Hibiscus  spp.,  e.g.  kenaf  (Hihiseut  can- 
itahiniis  T,.)  find  fnlso  rosollo  (ffihisnis  are- 
losella  VVelw.  ex  Hiem)  can  be  used  as  substi- 
tutes for  roselle.  They  are  sometimes  even  sold 
together. 

Description  Large  annual  herb  up  to  4.5  m 
tall;  stem  glabrous  to  sparsely  pubeacttit, 
sometimes  q>ar8ely  priddy,  green  or  reddish. 

Leaves  alternate  simple;  stipules  narrowly 
lanceolate  to  linear,  up  to  1.6  cm  lung;  petiole 
0.5-12  cm  long;  blade  shallowly  to  deeply  pal- 
matoiy  7)-]obed  sometimes  undivided,  up 

to  In  rm  ■  15  cm,  margin  toothed,  glabrous  or 
s|>;it  -  l\  pubescent,  sometimes  with  a  few 
prickles  on  midrib,  palmately  \  t  ined,  with  a 
distinct  nectary  at  base  of  midnb  Flowers  soli- 
tar^'  in  leaf  axjls,  bisexual,  regular,  u-meruus; 
pedicel  up  to  2  cm  long,  articulate;  epicalyx 


Hibiscus  sabdanffa  -  1,  flowering  and  fruiting 
shoot;  2,  flower;  3,  fruit  aieloaed  by  calyx. 
Source:  PROSEA 


segments  8-12,  united  nt  base,  subulate  to 
triangular,  free  part  0.5-2  cm  long;  calyx  cam- 
panulate.  up  to  5.5  cm  long,  becoming  fleshy  in 
(Villi  luhes  nearly  sjlabrous  to  hispid  hain,'. 
with  a  nectary  outside;  petals  fi-ee,  obovate,  up 
to  5  cm  X  3.5  cm,  pale  yellow  or  pale  pink,  often 
with  dark  red-purple  centre;  stamens  numer- 
ous, united  into  a  column  up  to  2  cm  long,  pink; 
ovary  superior,  6-celled,  style  with  5  branches. 
Fruit  an  ovoid  capsule  up  to  2.5  cm  long,  al- 
most glabrous  to  npp!"es5ied-pubescent  on- 
closed  by  the  calyx,  many-seeded.  Seeds  reni- 
form,  up  to  7  mm  long,  daric  brown.  Seedling 
with  epigeal  germination;  cotyledons  rounded, 
up  to  2.5  cm  X  3  cm,  leafy. 

Otiter  botanleal  Inibmiation  Hibiaeut 
comprises  200-300  species,  mainly  in  the  trop- 
ics and  subtropies:  many  of  them  grown  as 
ornamentals.  The  estimated  number  of  species 
varies  because  opinions  differ  about  indusion 
•  if  -1  \  eral  related  groups  of  species  in  the  ge- 
nus. Hibiscus  sabdariffa  belongs  to  section 
Furcaria,  a  group  of  about  100  spedes  whidi 
have  in  <ommon  a  pergamentaoeous  calyx 
(rarely  ileslu  (  with  in  strongly  prominent 
veins,  5  running  to  the  apices  of  the  segments 
and  bearing  a  nectary,  and  5  running  to  the 

sinuses  Other  species  belonging  to  this  section 
and  used  as  a  vegetable  are  Hibiscus  aeetoaella 
Welw.  ex  Hiem,  Hibiscus  asper  Hook.f.,  Htitis- 

ats  cannabinus  L.,  nibiscua  diversifoUus  Jaoq., 
Hibiscus  wcrhoii  ii  <3arrke  ffihisriis  noldcac 
Baker  f.,  Hibiscus  roslellatus  Guill.  &  Perr.  and 
Hibiscus  surattensis  L. 

Two  main  types  of  cultivated  Ilihi.-iciis  sabdar- 
iffa are  distinguished,  origmaily  described  as 
botanical  varieties:  var.  sabdariffa  with  a 
bush\ ,  st  rongly  branching  habit  and  glabres- 
ccnt  calyx  accrrsrrnt  and  becoming  fleshy  in 
fioiit;  and  var.  allissima  Wester  with  taller, 
usually  tmbrancfaed  habit  and  offxn  hispid 
haiiy  rnlyx,  hardly  accrescent  and  not  fleshy  in 
fruit.  The  latter  is  grown  for  its  fibre,  and  not 
common  in  Africa,  These  types  can  best  be  re- 
garded as  cultivar-giMBq[>B. 

Hundreds  of  cultivars  grown  as  vegetable  or  for 
their  calyces  exist.  In  some  of  these  anlho- 
^anins  are  present,   resulting  in  reddish 

stems,  leaves  and  calyces   and  pinkish  petals 
whereas  in  others  anthoc^-anins  are  absent, 
and  these  have  green  stems  and  leaves,  pale 
gi  eeii  calyces  and  pale  yellow  petals. 

Growth  and  development  The  vegetative 
growth  pei'iod  lasts  fixim  4  months  to  <i  months. 
Plant  height  30  days  after  emergence  of  the 
seedlings  is  about  30  cm.  Leaf  harvest  may 
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start  6-8  wooks  after  sowing;  it  stimulates 
brandling  and  subsequently  increases  leaf 
production.  Flowering  begins  when  daylength 
deoreoses.  jtt  the  earliest  2  mniil}i<  .iftcr  sow- 
ing, and  at  the  latest  7  months.  The  llowers  are 
ususally  self-pollinating.  Two  or  three  months 
after  puIlitiMtion  fi'uits  m;iy  hi'^in  to  ripen. 

Ecology  Roselle  has  temperature  require- 
ments rannrinp  between  IS'C  and  SS'C.  Plant 
growth  sli)[»>  .il  1  with  death  ocrurring 
after  15  days.  At  death  oecurs  after  only 

2-3  days.  Flower  and  calyx  production  is  re- 
duced at  temperatures  below  17"C.  Cotyledons 
cannot  withstand  temperatures  below  10*C  for 
more  than  2-3  hours. 

Roselle  is  a  photoperiod  sensitive  plant  that 

flowers  best  when  the  daylength  is  shorter 
than  12  hours.  It  requires  11!  huursAhiy  light 
during  vegetative  growth  to  prevent  premature 
flowering.  Having  a  deep  root  system,  roselle 

requires  adequate  soil  ilc|ifh  and  is  rather 
drought  resistant.  The  crop  can  grow  in  a  wide 
range  of  soil  types,  the  best  being  retentive, 
friable  loams.  Roselle  thrives  in  areas  receiving 
8011-1(300  mm  of  continuous  annual  rainfall, 
and  requires  a  mmimum  of  100—150 
mm/hionth  during  vegetative  growth,  or  300- 
|on  mm  (lislributed  over  a  period  of  4 
months.  Dry  periods  during  the  final  months  of 
growth  promote  good  calyx  production,  while 
excess  precipitation  or  humidity  can  lower  the 
quality  of  the  calyces.  Roselle  plants  with  an- 
thocj'anin  pigmentation  are  able  to  withstand 
the  harsh  Sahelian  environment  better  than 
plants  with  a  yellow-green  colcair 
Apparently  wild  types  of  Hibiacua  aabdaiiffa 
are  found  in  savanna  grassland  and  open 
woodland. 

Propagation  and  planting  Roselle  is 
grown  both  as  a  rainfed  field  crop  and  as  an 
irrigated  gardm  vegetable.  As  lea^  vegetable, 
seeds  are  either  broadcast  OT  dibbled  with  3-5 
seeds/hole,  2-3  cm  deep,  at  an  average  spacing 
of  40-60  cm  in  rows  and  60-80  cm  between 
rows.  The  1000-seed  weight  is  (15-)2.5-28  g. 
For  calyx  production,  the  spacing  should  be 
Wider,  up  to  lOU  cm  apart.  In  Senegal  vegeta- 
ble farmers  use  15-26  kg  seed  per  ha  for  calyx 
production,  wherras  research  recommends  only 
4-8  kg.  Some  growers  sow  in  a  shaded  nurser>', 
and  transplant  into  the  field  after  about  4 
weeks  fibre  production,  seeds  are  drilled 
more  i  lo.sely  at  15  cm  x  20  cm  or  10  cm  x  30 
cm.  Because  roselle  is  deep  rooting,  deep 
ploughing  is  recommended  for  heavier  soils.  In 
sandy  soils  ^diallow  ploughing  is  common. 


Rainfed  roselle  crops  arc  sown  at  the  beginning 
of  the  rainy  season.  In  the  Sahel  region  year- 
round  planting  is  possible  with  irrigation.  Ro- 
selle is  often  intercroi)iMMl  with  other  crops 
such  as  pearl  millet,  sorghum,  groundnut, 
sweet  potato,  yam  or  oowpea,  and  sp<mtaneous 
roselle  plants  are  often  allowed  to  grow 
amongst  other  crops.  Many  farmers  plant  ro- 
selle along  field  boundaries  or  to  delineate  sub- 
plots within  a  field.  In  West  .Africa  roselle  is 
also  jjrown  as  part  of  a  parkland  ncrrnforestry 
system,  in  conjunction  with  e.g.  apple-ring  aca- 
cia (Faidherbia  albida  (Delile)  A.Chev.),  bao- 
bab (Adansoiiia  digilata  L).  African  locust 
bean  {Parkia  biglobom  (Jacq.)  R.Br.  ex  G.Don, 
shea  buttw  tree  (Vitdlaria  pctmdoxa 
C.K.Gaertn.)  and  jujube  {Zis^hua  mtairiUaUa 
Lam  ). 

Management  Roselle  grown  in  home  gar- 
dens as  a  leafy  vegetable  or  for  leaves  and  caly- 
ces is  cultivated  under  irrigation,  mostly  done 
manually  with  watering  cans,  it  is  given  nor- 
mal garden  management.  When  grown  as  a 
field  crop  for  calyces  little  care  is  generally 
given  unless  grown  in  intercropping  It  then 
benefits  from  the  care  given  to  the  main  crop. 
Roselle  re^nds  well  to  fertilizers.  In  Egypt 

ammonium  sidphate  has  been  reporftnl  to  re- 
sult in  higher  yields  than  calcium  nitrate  or 
urea.  Ca\y\  production  is  greater  when  plants 
are  fe  rtilized  at  thinning  (20-30  days  after 
planting)  than  when  the  applications  are  split 
and  given  during  the  vegetative  stage  and  at 
flowering.  However,  chemical  fertilizers  are 
rarely  apjilied  in  tropical  Africa  as  they  are  too 
costly  under  the  uncertam  cfimatic  conditions 
where  roselle  is  grown.  A  few  t  per  ha  of  dry 
organic  manure  is  sometimes  applied.  Small- 
holder farmers  regard  roselle  as  a  low-input, 
low-labour  crop.  VVeedmg  is  rarely  practised, 
but  if  done  it  results  in  higher  calyx  yields. 

Better  calyx  yields  were  observed  when  roselle 
is  intercropped,  particularly  with  a  legume 
planted  two  weeks  after  establishment  of  the 

roselle  crop. 

In  Thailan<i  and  India  roselle  for  fibre  is  grown 
as  a  ramled  crop.  A  single  round  of  wt?eding 
and  thinning  is  usually  performed  20-30  days 
after  planting.  The  recommended  fertilizer 
dose  is  15  kg  N,  15  kg  P  and  15  kg  K  per  ha 
given  after  weeding. 

Diaeasea  aud  pests  Roselle  is  susceptible  to 
most  diseases  affecting  cotton  and  root  and 
stem  i*ot  caused  by  several  Phytophthoixi  spp. 
lead  to  plant  losses.  PhytoplUhora  nieotiaiiae 
var.  paraaitiea  causes  stem  bum  (also  called 
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collar  rot  or  stem  canker),  causinR  purplish 
black  discoloration  pncircling  the  stem  30  cm 
above  the  grouii  l  iml  sudden  wilting  of  the 
plant.  Resist iincr  lias  been  fnuiid  111  filue-type 
roselle  cultivars,  Unlike  its  close  relative  ke- 
naf.  roeelle  is  susceptible  to  infection  by  Co- 
nidUi  tnumiaensis  var.  hihisci.  Plant  and  calyx 
senesoenoe  due  to  this  pathogen  have  been 
observed  in  Central  Africa,  Nigeria,  the  Carib- 
bean region  and  In  h.i  Fnegular,  pale  brown 
lesions  appear  on  lower  lenves  inrrensinp  in 
size,  bleaching  the  leaf  surface  and  ultimately 
resulting  in  necrosis  of  tissue.  Brown  stem 
lesions  may  also  develop.  Leaf  spot  caused  by 
Cercospom  hibisci  is  alao  common.  Roselle 
types  with  green  leaves  are  susceptible  to  pow- 
dery  mildew  (Ok/tunt  abelmoachi),  types  with 
red  leaves  are  partially  resistant.  A  virus  dis- 
ease is  reported  from  Nigeria,  causing  hard 
cracking  leaves.  Roeelle  is  rather  resistant  to 
root-knot  n«natodos  (.Uc/o/f/onv^c  spp.)  hut 
not  to  firee-living  nematodes  {Heterodera  spp.). 
Pressure  fix>m  insect  pests  is  high.  Cotton 
bollworm  larvae  (Eariaa  biplaga.  Eaiaa  insu- 
laua)  are  very  damaijini;  as  they  bore  into  the 
unnpe  fruits.  The  larvae  of  flea  beetles  (I'uda- 
griea  spp.)  feed  on  the  roots  and  the  adults 

damage  leaves  and  <;nnvin<:  jiDints.  The  col  ton 
stainer  {Dysdemis  aupi'i  .stiliOstta)  sucks  on  the 
calyces,  causing  brown  s])ots.  Infestation  by 
spiral  borers  (Agrilus  am  his)  can  lead  to  galls 
on  the  stems,  approximately  r>  cm  in  lentjth 
and  leadmg  to  some  reduction  in  nutrient  up- 
take. However,  research  in  Banglade^  has 
demonstrated  roselle  to  be  much  more  resis- 
tant to  infestation  than  kenaf  <  )ther  pests  are 
cutworm,  mealy  bugs,  leaf  hoppers  and  snails. 
Attacks  by  insect  pests  can  be  reduced  by  bene- 
ficial predators  r.ji  if  was  nbser\T-d  that  jns- 
sids  (Aimxiaca  bigiittula)  were  predated  by  8 
species  spiders.  Similarly,  Hibiscus  sabdar- 
iffd  h.'is  hrltu'd  reduce  post  populations  in 
intercropped  systems,  e.g.  mfestation  of  bean 
(Phaseobts  vulgaris  L.)  by  several  white  tly 
species  was  reduced  by  intercropping  with  ro- 
srllr  duo  to  increased  hyperparasite  diversity. 

Harvesting  The  first  harvest  comprises 
seedlings  collected  during  thinning.  When  the 
plants  are  f'l-S  weeks  old.  branches  of  about  .'lO 
cm  long  are  picked  2  or  3  times  during  the  pe- 
riod of  vegetative  growth.  Calyces  are  har- 
vested manually  2-3  weeks  after  flowering, 
usually  l-f>  months  after  sowing,  before  the 
fruit  has  dried  and  dehisced.  Regular  picking 
prolongs  flowering.  The  calyces  are  dried  in  the 
shade.  When  harvested  for  fibre,  stems  are  cut 


before  flowering,  1-5  months  after  planting. 
Fibre  qualitj'  declines  rapidlj'  after  the  start  of 
flowering. 

Yield  For  loiify  l>ranches  yields  of  uji  to  20 
t/ha  from  three  cuttings  have  been  reported. 
Fresh  calsnc  jields  range  from  4-6.5  t/ha,  or 
about  800-1200  kg/ha  when  dried  to  12%  mois- 
ture content.  In  Asia  fresh  calyx  yields  of  up  to 
15  t/ha  have  been  reported.  A  single  roselle 
plant  may  yield  as  many  as  250  calyces,  or  1  — 
1.5  kg  fr<\'^h  weight.  In  .\frira  nvernge  yields 
are  much  lower  and  variable  because  of  envi- 
ronmental conditions  and  extensive  manage- 
ment. Sudan  reports  an  average  yielil  of  dr>' 
calyces  of  93  kg/ha.  In  Senegal  maximum  pro- 
duction of  calyx  on  a  dry  weight  basis  is  500 
kg/ha. 

Average  fibre  yields  froai  roselle  are  1  5-2.5 
tTha,  depending  on  cuUivar  and  management. 
India  reported  an  average  yield  of  1.9  t/ha  for 
1997-2001.  Reported  seed  sdelds  rai^  from 
200-1500  kg/ha. 

Handling  after  harvest  As  a  leafy  vegeta- 
ble roselle  shoots  are  sold  in  bunches  with  a 
length  of  up  to  50  cm.  Thinned  seedlings  are 
less  perishable  than  shoots;  as  they  are  sold 
with  their  roots  attached  th^  can  be  kept  fresh 
by  placing  the  roots  in  water. 
In  most  areas  in  Africa  roselle  calyces  are  au- 
dried  prior  to  marketing  Dr>  ing  in  the  sun  can 
lead  to  reduced  quality.  .Adequate  ventilation  is 
important.  Plastir  shorts  are  placed  on  the 
ground  to  avoid  contamination  with  soil,  which 
also  strongly  reduces  the  vahie.  Drying  by  arti- 
ficial heating  is  capital-int i  nsive  and  rare  in 
sub-Saharan  Africa.  Temperatures  must  re- 
main below  43°C. 

Dried  calyces  are  gathered  and  .sold  in  bulk  or 
in  individual  .sachets  throughout  West  Africa, 
in  Senegal  dried  calyces  are  rolled  mto  80  kg 
balls  for  export.  Roselle  exported  to  the  United 
States  and  flcim.any  must  meet  strirt  stan- 
dards concernmg  moisture  content  (maximum 
12%),  acidity,  residues  and  oontaminaticms. 
To  make  roselle  syrup,  dried  calyces  are  boiled 
at  a  ratio  of  1  part  dried  roselle  to  4—5  parts 
water.  Because  of  its  verj'  tart  taste,  large 
amounts  of  sugar  are  added.  The  mixture  is 

boiled  down  for  several  hours.  Before  use  the 
syrup  is  watered  down  to  make  da  bilenni .  A 
study  estimated  that  one  person  could  produce 
about  300  1  juice  per  day  from  i  k  j  <  iily<  <'s. 
For  the  production  of  fibre,  harvest ed  stems 
ai-e  soaked  in  water  for  two  weeks,  and  then 
stripped  of  baik.  Stems  are  then  beaten  to 
separate  the  fibres,  whidi  are  washed,  dried. 
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and  sorted  into  ono  of  throe  levels  of  quality, 
based  on  length,  coloui',  stif&iess  and  purity.  In 
some  parts  of  Africa  rosdle  seeds  are  ground 
into  meal  for  adilition  to  cereals,  or  seeds  are 
roasted  and  boiled  as  a  col'fee  substitut'e.  Oil  is 
extracted  by  pardiing  the  seeds,  soaking  in  wa- 
ter maile  alkaline  with  ashes,  and  ]Miundint,' 
tJiem.  The  residue  is  sometimes  eaten  m  soup  or 
blended  with  bean  meal  to  make  fried  snacks. 

Oenetilk  resources  I.«cal  cullivars  of  roscdie 
am  rommon  throughout  sonii-nrid  .Vfrien.  Al- 
though many  smallholder  farmers  separate 
seeds  by  cultivar,  stodcs  are  generally  hetero- 
geneous. R(wtdle  planted  by  traditional  farmers 
in  Sudan  is  usually  of  several  diil'erent  types 
and  cultivars.  Around  60  accessions  from  the 
local  geni  ti.  n  sources  in  Sudan  are  preserved 
in  the  genebank  of  the  Plant  Genetic  Resources 
Unit  of  the  Agricultural  Research  Corporation, 
Wad  Medani,  Sudan.  Characterization  of  some 

of  these  acressions  revenled  variation  in  stem 
colour,  leaf  shape  and  calyx  shape,  colour  and 
size.  A  practical  classification  used  in  Sudan 
for  the  many  beverage  strains  is  on  the  basis  of 
calyx  characteristics  The  caly.v  lobes  may  be 
thick,  curved  outwards  and  easy  to  peel;  or 
long,  bending  inwards,  endoeing  the  firuit  and 
easy  to  {»•<  1;  or  thin,  tightly  enclosing  the  fniit 
and  difTicult  to  peel;  or  bell  shaped  with  well- 
developed  epicaly\.  In  Senegal  farmers  distin- 
guish between  7  bissap'  tjrpes,  3  green  types 
and  t  red  on<'s.  The  distinctive  chnr.'icters  u.sed 
to  identify  the  bissap  types  mclude  colour,  size 
and  shape  of  leaves  and  fruits.  Seeds  of  liiBsap' 
gt  nnplasm  in  Senegal  are  stored  at  the  Seed 
Production  Umt,  Horticultural  Development 
Centre  (CDH),  Dakar.  Other  germ  plasm  collec- 
tions of  Hibiscus  sabdariffa  an'  he]<l  at  Jute 
Res*\irch  Institute,  Dhaka,  R.ingladesb  CVm 
accessions),  L'SDA  Southern  Regional  Plant 
Introduction  Station,  Griffin  GA,  United  States 
(O.'i  accessions)  (^entral  Research  Institute  for 
Jute  and  Allied  Fibres,  Barradipore,  India  (75 
accessions)  and  National  Horticultural  Researdi 
Instutute.  Ibadan.  Xigeria  (1 1  accessions). 

Breeding  Rdselli'  breeding'  has  hitherto 
received  Utile  attention  hitherto.  The  Sudanese 
cultivar  'El  Rahad'  is  considered  superior  in 
qii,t1ity  for  calyx  production.  Breeding  objec- 
tives of  roselle  m  Sudan  include  purification  of 
local  cultivars  and  selection  for  better  yield  and 
calyx  quaUi^.  In  Senegal  the  objectives  of  the 
breeding  progrnmme  include  the  improvement 
of  leaf  yield  of  green  cultivars,  and  the  im- 
provement of  ykM  and  taste  of  cultivars  suited 
for  calyx  production.  Seed  company  Tedinisem 


markets  seed  of  cultivnr  Bis.sap  Koor  Rouge', 
suitable  for  use  as  leafy  vegetable  and  for  calyx 
production,  and  tolerant  of  nematodes  and  heat. 

Prospects  Roselle  is  an  undfiutilized  mul- 
tipurpose crop  providing  farmers  with  food  and 
cash  income  when  other  vegetables  have  be- 
come scarce.  Processint;  generates  additional 
family  income,  from  which  women  benefit  in 
particular.  Use  of  roselle  as  a  vegetable  or  as  a 
beverage  should  be  promoted  through  research 
to  improve  cultivars,  husbandry  and  post- 
han^est  technologies.  Applying  rigorous  quality 
standards  for  grading,  processing  and  padcag- 
ing  will  bodst  competitiveness  in  the  interna- 
tional market.  Demand  for  roselle  fibre  is  likely 
to  increase  as  a  result  of  the  rising  interest  in 
natural,  biodegradable  fibres. 
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HlUISCUS  SUIiAT  l  KiNSlS  L. 

Protologiie  Sp  pi  2:  696  (1763). 
Family  Malvaceae 
Chromosome  number  2r  =  36 

Vernacular  names  Wild  sour,  shrub  althea 
(En).  Oseille  indigene,  oseille  malabare  (Fr). 

Origin  and  geographic  distribution  Hibis- 
eiu  auraUenaia  occurs  in  tropical  Africa  and 
tropical  Asia.  It  is  found  in  most  countries  of 
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c  rj  )  L-C  -y^  

 YT^'ji  y  *^ 

Hibiseua  suratteiiMs  -  wild 

tropical  Africa,  including  the  Indian  Ocean 

isInnHs  and  also  in  South  Afrira  and  Swazi- 
land. It  has  been  introduced  in  tropical  Amer- 
ica and  is  locally  naturalized  there. 

Uses  The  mucilaginous  leaves  of  Hibiseua 
suraltf'iisin  are  fommonly  used  as  a  potherb  in 
many  areas  in  Africa  and  Asia;  they  are  some- 
times eaten  raw  as  a  salad.  Tn  Uganda,  it  is  a 

popular  vegetable;  the  leaves  are  boiled  and 
added  to  peas  or  groundnuts  and  sesame  paste 
and  served  with  a  staple  fix>d.  It  is  also  used  to 
thicken  sauces.  In  DR  Congo  the  leaves  are 
rooked  with  fish  or  meat.  Young  leaves  are 
sometmies  used  as  a  condiment. 
The  baric  yields  a  fibre,  which  is  occasionally 
used  as  cordage  In  Uganda,  conki  I  le.ivcs  are 
used  to  coagulate  the  latex  of  Lundolpliia  spp. 
In  Guinea  and  DR  Congo  the  plant  is  regarded 
as  atonic  for  heart  and  stomach.  In  Nigeria  the 
leavrs  aroused  in  poultices  in  ('.nbon  .softened 
leaves  ai'e  applied  to  boils.  In  Senegal  the  seed 
has  been  used  as  a  remedy  for  eye  diseases  and 
dysmtcry  Tn  Tanzania  leaf  sap  is  taken  to 
prevent  miscarriage  and  to  treat  vertigo, 
whereas  a  root  decoction  is  used  as  a  laxative. 
In  South  Africa  the  Zulu  people  use  a  lotion  of 
the  leaf  and  stem  for  the  treatment  of  penile 
irritation  of  any  sort,  including  venereal  sores 
and  urethritis.  An  infiision  is  also  used  for  in- 
jecting into  the  urethra  and  vapina  to  treat 
gonorrhoea  and  other  inflammations.  An  oint- 
ment made  firom  the  leaves  is  sometimes  ap- 
plied for  the  same  purposes,  whereas  in  Nige- 
ria deeorlions  of  the  leaves  and  root  s  are  iised 
similarly,  in  DK  Congo  dried  leaf  powder  is 
used  to  cure  wounds.  In  Kenya  the  ash  fixnn 
the  plant  is  applied  to  cuts,  and  an  infusion  to 


treat  itch  caused  by  chickenpox. 

Produf^tioii  and  international  trade  In 
many  parts  of  tropiciil  Africa  leaves  of  Hi  bums 
stirafh-iisis  are  sold  in  lr>cal  maikets  hut  no 
statistical  data  on  production  and  trade  are 
available. 

Properties,  There  is  no  infoi-mation  on  the 
nutritive  value  of  Hibiscus  sumUensis  leaves, 
but  it  is  probably  comparable  to  the  related 
Hihiacna  sabdariffa  L.  The  leaves  of  Ilibijtcus 
sural hvisis  have  shown  a  prowth  inhibitory 
effect  on  Staphylococcus  aureus. 

Adnlterattons  and  substitates  HWiaeus 
suratfenais  leaves  in  dishes  can  be  replaced  by 
the  leaves  of  Hibiscus  acetoaeUa  Weiw.  ex 
Hiem,  Hihiseus  sabdanffd  L.  or  other  Hibiaeus 
spi).  u  Inch  tiive  the  same  taste. 

Description  Prostrate  or  climbing  annual 
herb;  stem  prickly  with  recurved  prickles,  pu- 
bescent. Leaves  alternate,  simple;  stipules 
ovate,  autnculate,  amidexiraul.  up  to  l.n  cm  x  1 
cm;  petiole  2-7(— 11)  cm  long,  prickly  and  pu- 
bescent; blade  shallowly  to  deeply  palmately  3— 
5-Iobed,  up  to  10  cm  x  10  cm.  margin  serrate, 
pubescent  prickly  on  veins  below,  palmately 
veined.  Flowers  solitary  in  leaf  axils,  bisexual, 


Hibiscus  suniitiuisis    1,  leaf;  2,  part  of  flower- 

ing  tu  ig;  3,  fruit;  4,  seed. 

Redrawn  and  adapted  by  Aehmad  Satin  Nur- 

hamati 
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regular,  5-morous;  pedicel  up  to  8  cm  long,  ar- 
ticulate, prickly;  epicalyx  segments  8-10,  bi- 
furcate, the  outer  fork  spatulate  and  c.  0.5  cm 
long,  the  inner  fork  linear,  c  1  cm  long;  calyx 
cup-shaped,  up  to  2.5  cm  long,  lobes  prickly; 
petals  free,  obovate,  up  to  6  cm  x  4  cm,  bright 
yellow  \\  ith  n  rl-purp]<>  base;  stamois  numer- 
"us  united  into  a  column  up  to  2  cm  long,  red- 
1  m  i  le;  ovary  superior,  5-oelled,  style  with  6 
branch(>s.  Fruil  an  ovoid  to  globose  capsule  up 
tn  ]  5  cm  long,  densely  pubescent  many- 
seeded.  Seeds  reniform,  c.  3  mm  x  2  mm. 

OilieT  botanical  information  Hihiaau 
comprises  20O-.30n  species,  niiunly  in  the  trop- 
ics and  subtropics;  many  of  them  are  grown  as 
ornamentals.  T^e  estimated  number  of  species 
varies  because  opinions  differ  about  inclusion 
of  several  related  sjroups  of  sjiecies  in  the  ge- 
nus. Hibiscus  suraltennis  belongs  to  section 
Fitrearia,  a  group  of  about  100  species  whidi 

have  in  common  a  pergamentacemis  raly\ 
(rarely  flesh}')  with  10  strongly'  prominent 
veins,  5  running  to  the  apices  of  the  segments 
and  bearing  a  nectary,  and  "  running  to  the 

sinuses,  Other  species  belonKinji  to  this  section 
and  used  as  a  vegetable  are  Hibiscus  acelusclla 
L.,  HibUeus  asper  Hook.f ,  Hibiatui  emmahi- 

tiiis  1..  llihisnis  dii  ersifnUii s  rl,ic(i..  JUhisnix 
inecliouii  Garcke,  Hibiscus  noldeae  Baker  1'., 
Hibiacua  roatellatus  Guill.  &  Pen*,  and  Hibiacua 
sabdariffa  L. 

Growth  and  development  llibisais  siiraf- 
tenais  is  an  annual  plant  growmg  naturally 
during  the  rainy  season.  It  is  mainly  self- 
pollinatinti. 

Ecology  Hibiscus  suraileiisis  occurs  in 
grassland  and  at  forest  edges  in  lowland  and  at 
medittni  attitudes  up  to  1700  m.  in  n^gions  with 
an  average  annual  rainfall  of  lOOO-HidD  mm 
It  also  occurs  in  marshes,  abandoned  fields  and 
plantations,  on  waste  ground  near  habitation, 
and  in  coastal  habitats  such  as  sand  dunes.  It 
is  found  on  a  wide  variety  of  soil  types. 

Management  Wh«i  cultivated  Hibiacua 
surattenaia  is  prc^agated  by  seed.  The  main 
management  practice  is  weeding.  However, 
this  species  is  rarely  cultivated  and  the  leaves 
are  usually  collected  firom  the  wild  for  use  as  a 
vegetable. 

Diseases  and  pests  Hibiscus  sumUensis  is 
a  host  to  pink  mealybug  {McicondUcoceua  hir' 
auUu). 

Harvesting  Leaves  of  Hibisrua  surnttpfisis 
are  collected  in  the  early  flush  of  the  rainy  sea- 
son. 

Handling  after  harvest  The  leaves  can  be 


cooked  immediately  as  a  vegetable,  or  dried, 
pounded  and  kept  for  up  to  a  year  and  used 
later  in  a  similar  way  as  the  fresh  leaves. 

Genetic  resources  There  are  no  indications 
that  Hibiscus  su  ratlensis  is  in  danger  of  genetic 
erosion,  although  it  is  reported  to  be  locally 
unconiniiin.  e^^.  in  Uganda.  No  germplasm 
collections  are  known  to  exist. 

Proqiects  Hibiaeus  mrattmaia  is  an  under- 
utilized but  locally  popular  sturdy  leafy  vege- 
table (lenetic  improvement  and  management 
practices  should  be  studied  for  further  domes- 
tication. 

Major  references  Burkill.  HM,   1997:  Ka- 
tende,  AB.,  Ssegawa,  P.  &  Bimie,  A., 
van  den  Bergh,  M.H.,  1993;  Wilson,  F.D.,  1999. 

Other  references  Akpan.  G.A..  2000; 
(loode.  P.M..  1989;  Ilauman  L  &  Wouters,  W., 
1903;  Kalanda,  K.  &  Omasombo,  VV.D.,  1995; 
Kokwaro,  J.O.,  1993;  Lubmi,  A.  et  al.,  1994; 

Mosango  M.  &  Iso.si,  W.,  in9«:  Xdjele,  \f.  & 
Bigawa,  S.,  1982;  Peters,  C.R„  O  Brien,  E.M.  & 
Dnunmond,  R.B..  1992;  Raponda-Walker,  A.  & 
SillanB,R,  r.'r-l:  N  ollesen.  K.  199."il>, 

Sources  of  illustration  Berhaut,  J.,  1979; 
Vollesen,  K.,  lyyob. 

Anthon  M.  Mosango 

Hibiscus  TRioNUM  L. 

Protologue  Sp  pi  2:  697  (1763). 

Family  Malvaceae 

Chromosome  number  2ii  =  56 

Vernacular  names  Flower  <if  an  hour, 
bladder  hibiscus,  bladder  weed,  bladder  ket- 
mia,  Venice  mallow,  devil's  head  in  a  bush, 
trailing  holl>'hock  (En).  Fleur  d'une  heure, 

ketmie  H  Nfrique  (Fr). 

Origin  and  geographic  distribution  Hibis' 
cua  trionum  occurs  throughout  the  Old  World 
ti'opics  and  siibtropics  and  even  in  temperate 
areas,  in  Africa  it  is  only  absent  from  the 
Guineo-Congolian  rainforest  zone.  In  die  New 
W  orld  it  was  introduced  and  has  become  natu- 
ralized 

Uses  Young  leaves,  flowers  and  young  shoots 
of  Hibiacua  trionum  are  eaten  raw  or  cooked  in 
Kenya  Zimbabwe  .Australia  ami  China.  In 
Australia  the  root  is  considered  edible  although 
veiy  fibrous.  Hibiaaia  Uvmutn  ia  cultivated  as 
an  ornamental  in  the  subtrapica. 
In  South  .\frica  an  infusion  is  made  of  the 
ground  shoot  to  clean  wounds;  it  relieves  pam 
and  helps  in  dicing  the  wound.  It  is  also  used 
against  roundworm  in  Zimbabwe  and  South 
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^Vfrica,  and  as  a  stomachic  in  China.  In  eastern 
Sudan  dry  firuits  are  given  to  camels  as  a  laxa- 
tive. In  India  an  infusion  of  the  flowoi  s  is  usfd 
to  treat  itch  {iml  pninful  skin  problems,  and  as 
a  diuretic,  in  southern  Europe  the  leaf  is  used 
as  an  expectorant  and  to  treat  warts. 

Properties  Cooked  leaves  of  Ilihi.sciis  lri<>- 
num  are  mualaginous,  without  much  flavour. 
The  seeds  contain  22-24%  of  oil  and  a  small 
quantity  of  gossypol. 

Botany  .Annual  herb  up  to  1,5  m  tall  .stem 
with  stellate  hairs  or  hispid.  Leaves  alternate, 
simple  to  deeply  palmately  3-6-lobe(^  stqiules 
linear,  up  to  8  mm  long:  peliole  1-4.5  cm  long: 
blade  orbicular  to  ovate  in  outhne,  up  to  7.6  cm 
X  9  cm,  base  truncate  to  shghlly  cordate.  Icfees 
pinnately  incised,  margin  sernito  or  sht,>hlly 
sinuate  hisjiid  on  veins.  palm;itt'l>  \oinod. 
Flowers  solitary,  axillary,  bisexual,  regular,  5- 
merous;  pedicel  up  to  6.6  cm  lon^  epicalsnc 
segments  l(l-r2(— 1  .'^),  filifnrm  7-11  mm  long 
apex  entire;  calyx  campauulate,  up  to  2  o  era 
long,  becoming  inflated,  ribs  of  lobes  purplish 
with  stellate  hairs  or  hispid;  petals  free, 
obovate.  up  to  ;3.5  cm  x  3  cm,  white,  cream  or 
yellow  with  purple  base;  stamens  numerous, 
united  into  a  column  up  to  4  mm  long:  ovary 

suiii'rior,  •"-rolled  stylo  with  branches  in- 
cluded in  the  staminal  column.  Fruit  an  ovoid 
to  globo.se  capsule  up  to  1.6  cm  long,  hispid, 
enclosed  in  calyx,  many-seeded.  Seeds  reni- 
form  c  2  mm  y  3  mm  dark  brown 
Hibiscus  comprises  200-300  species,  mainly  in 
the  tropics  and  subtropics.  Although  very  van- 
;il)le  in  leaf  shape  and  size  of  flowers  Ilihisrus 
Iriunum  is  nut  likely  to  be  confused  with  other 
species  of  the  genus  in  Africa.  It  is  dassified  in 
a  separate  section  Tn'onum,  characterized  by 
its  inflntod,  bladdrrldce  calyx  in  fniit  ffihfsnif! 
inulabiUs  L.,  an  introduced  ornamental  natu- 
ralized in  parts  of  Africa,  also  has  an  inflated 
c.ilyx  hut  is  a  shrub  with  flowers  8-10  cm  in 
diameter,  white  turning  red  liy  evenmg.  Flow- 
ers of  HibuaiB  triomim  onl\  open  when  the 
sun  shines  and  are  short-lived.  Cross-  and  self- 
pollination  (delayed  sellinu)  I'i'th  occur. 

Ecology  Hibiscus  triuiunii  occurs  in  grass- 
land, along  roadsides  and  as  a  weed  of  arable 
crops,  up  to  2800  m  altitude  In  Enst  \frii-.-i  it 
is  common  on  black  cotton  soils.  The  mmimum, 
optimum  and  maximum  temperatures  for  seed 
germination  were  found  to  be  lO'C,  30*C  and 
■I0°(''  respoctively 

Management  Hibiscus  triomtm  is  a  host  of 
cucumber  mosaic  virus  (CMV),  whitefly  {fiemUia 
tabaci^  and  spiny  boUwotm  {Eariaa  inaukata). 


Genetic  resources  and  breeding  Several 
genebanks  have  accessions  of  Hibiscus 
liioiuiin.  As  the  species  is  widespread  and 
abundant,  it  is  not  at  risk  nf  yetietic  erosion. 
Several  improved  ornamental  cultivars  have 
been  released  sudi  as  'Simply  Love'  and  'Sun- 
ny Pay'. 

Prospects  Hibiscus  trionuin  will  remain  a 
minor  vegetable  of  only  local  importance.  The 
widespread  medicinal  use  in   treating  skin 

problems  \\  nrrnnts  pharm ricological  research. 

Major  references  BurkiU,  H.M.,  1997; 
Tredgold,  M.H.,  1986;  Watt,  J.M.  &  Breyer- 
IW-.indu  ijk.  M,(^  19B2, 

Other  references  Agab,  11.,  iUB8;  Faseli, 
M.D.,  1977;  Schmidt,  J.H.  &  Wells,  R.,  1990; 
Tyiso,  S.  &  Bhat.  K.B,.  1998;  Undang  A 
Dasuki.  2001;  Vollesen,  K.,  1996b. 

Authors  C.H.  Bosch 


HoODlA  CURRORII  (Hook.)  Decne. 

Protologue  D*'    Trodr  8:  66.5  (1844). 

Family  Asclepiadaceae  (AP<j:  .Apocynaceae) 

Chromosome  number  2u  =  22 

SynonjnuB  Hoodia  higardU  N.E.Br.  (1903), 
Uoodia  itmrmiitha  Dinler  i  l!n4).  IJoodia  ffib- 
boaa  Nel  (1937),  Hoodia  inontana  Nel  (1937). 

Vernacular  uaues  Ghaap,  hoodia  cactus 
(Rn). 

Origin  and  geographic  distribution  Uoodia 
currorii  is  found  in  Namibia  and  Angola 
(subsp.  currorii^,  and  in  Botswana  and  south- 
ern Zimbabwe  (subap.  btgardU  (N.E.Br.) 
Bruj'ns). 

Uses  Stems  are  broken  or  cut  off,  rubbed  on 
a  stone  to  remove  the  spines,  cut  into  strips 

and  these  strips  are  eaten.  They  have  a  pecu- 
liar penasivel}'  spreadmg  sweet  taste  which  is 
remarkably  persistent  and  i«  said  to  quendi 

thirst  and  hunger  for  oxtrndcd  periods.  They 
also  make  a  tasty  preser\'e.  Young  pods  are 
much  sought  after  for  their  sweetness.  Stems 
that  have  swelled  after  recent  rains  are  pre- 
ferred. Sometimes  they  are  taken  home  to  be 
soaked  in  water  before  being  eaten.  It  is  also 
said  that  after  eating,  an  interesting  liquorice- 
like  aftertaste  remains  which  gives  tobaooo 
smoke  a  particularly  pleasant  taste. 
For  thousands  of  years,  African  tribesmen  in 
South  Africa.  Botswana.  Namibia  and  Angola 
have  eaten  Hoodia  lo  stave  off  hunger  and 
thirst  on  long  huntmg  trips.  Hoodia  has  re- 
coitly  attracted  the  interest  of  the  Western 
drug  industry.  The  Council  for  Scientific  and 
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Industrial  Research  in  South  vVfrica  has  identi- 
fied the  active  principle  of  Hoodia  and  pat- 
ented It.  In  2001  they  passed  on  their  findings 
t(i  ii  I^ntish  firm  which  patented  the  tippetite- 
suppressing  ingredient  in  Hoodia,  on  the  basis 
of  its  potential  as  a  stimming  drug.  This  firm 
!*old  the  rights  to  licens4:'  the  drui;  tn  n  United 
States  pharmaceutical  compiiny,  which  hoped 
to  have  the  treatment  ready  in  pill  form  within 
3  years.  The  San,  an  Afru  Mn  tribe,  ocmsidered 
this  situnfinn  to  be  bi()-pir;u-y  bemuse  the 
knowledge  has  been  taken  from  them  without 
paying  proper  compensation.  The  International 
Intellectual  I^roperty  Institute  Washington. 
United  States  was  the  intermediaty  in  this 
matter.  In  2003  an  agreement  was  reached 
between  the  San  and  the  pharmaceutical  com- 
pany: the  San  will  receive  1.5  million  l^SS  per 
year  for  a  period  of  4  years  while  the  drug  is 
being  developed  and  as  soon  as  the  medicine  is 

mnrkolod  they  will  receive  (\%  dT  tho  royalties. 
Other  traditional  medicinal  applications  men- 
tioned are  to  treat  indigestion,  hypertension, 
difibetes,  haemorrhoids  and  stomadiadie.  Most 
Hoodia  species  are  attractive  and  mmsual  or- 
namentals for  desert  gardens. 

Botany  Spiny  succulent  shtub  up  to  1  m 
tall,  with  many  o-cri  to  s]>rfriding  branchintr 
stems;  stem  cylindrical,  4-ti  cm  m  diameter, 
gr^-brown -green,  with  11-24  vertical  ribs 
consisting  of  prominent  obtuse  tubercles  each 
one  tipped  with  n  shnrp  .spine  R-IO  mm  long. 
Flowers  arising  m  groups  of  1—1  near  the  apex 
of  the  stem,  opoung  successively,  bisexual, 
regular,  .'j-merous;  pcdicd  I-'",  cm  long:  sepals 
ovate-lanceolate,  4-8  mm  x  3  mm;  corolla  sau- 
cer-shaped, consisting  of  a  short  pentagonal 
tube  mm  X  (i-!)  mm,  and  a  subcircular  to 
flrarly  iubcd  limli  t-18  rm  in  diameter,  outside 
pale  red  and  glabrous,  mside  deep  red  or  yel- 
lowish-pink md  covered  with  pink  to  purple 

hair.^  :'-4  mm  Ion?,  lobes  broadly  ovate  rndinp 
in  a  narrow  point  up  to  2  cm  long;  corona  deep 
red-purple  or  red-brown,  outer  corona  forming 
;i  I  Lip  with  bifid  lobes,  inner  corona  with  linear 
I  il  s  incumbent  <n\  the  backs  of  the  anthers 
ijud  mosliy  exceeding  them  to  meet  in  the  cen- 
tre. Fruit  a  pair  of  fusiform,  horn-like  follicles, 
enrh  follirlo  15—1*2  rm  long  glabrous,  pink  to 
green,  100-250-seeded.  Seeds  with  a  tuft  of 
straight,  simple  hairs  (coma)  15-25  mm  long. 
Hoodia  ctirroni  is  veiy  variable  and  has  been 
divided  into  2  subspecies:  subsp.  nirrori'i  (co- 
rolla 5-17  cm  m  diameter,  pedicel  longer  than 
12  mm,  occurring  in  Angola  and  Namibia)  and 
sub^.  higardu  (N.E.Br.)  Bruyns  (corolla  4—7.6 


cm  in  diameter,  pedicel  shorter  than  7  mm, 
occurring  in  Botswana  and  Zimbabwe). 
Hoodia  comprises  13  species,  and  the  related 
Lai  raiiia  comprises  5  siiecies,  raiiia  dilTers 
fiom  Hoodia  by  the  tubercles  on  the  stems:  m 
Hoodia  they  are  tipped  with  a  spine  3-12  mm 
lonu  which  is  initially  green,  drying  out  to 
grey-brown  and  base  not  depressed  into  apex  of 
tubercle;  ui  Lavrania  the  tubercles  are  i  ippt  d 
with  a  small  conical  pmiatMit  leaf  less  than  1 
tnm  long  retnaining  grey-green  not  drying  out, 
usually  sunken  into  the  apex  of  the  tubercle. 
The  stems  of  many  other  Hoodia  species  are 
eaten,  although  there  nic  differences  in  flavour 
(more  or  less  bitter).  They  fiorm  a  convenient 
emergency  food  and  moisture  source  in  hardi 
arid  environments.  Other  recorded  edible  qje- 
cies  are:  Huodiu  ahtuiiii  (N.E.Br.)  Plowes 
(Namibia,  South  Africa),  Hoodia  /lava 
(N.E.Br.)  Plowes  (Namfoia,   South  Africa), 

Tfnndia  gordoiiii  (Masson)  Sweet  ex  Decne. 
(Namibia,  South  Africa),  Hoodia  officinalis 
(N.E.Br.)  Plowes  (Namibia,  South  Afirica)  and 
Hoodia  pilifem  (L.f)  Plowes  (South  Africa). 
They  are  all  commonly  known  as  ghaap'.  The 
young  pods  of  all  species  are  liked  for  their 
sweetness.  Lavrmtia  species  are  never  eaten; 

they  ba\f>  an  oxtrrmcly  strong  bitter  taste  and 
are  widely  (probably  falsely)  considered  poi- 
sonous. 

The  primao'  stem  of  seedlings  of  Hoodia  cur- 
rorii  grows  vertically  up  from  between  the  coty- 
ledons and  after  it  has  reached  some  size,  axil- 
lary buds  near  the  base  give  rise  to  secondary 
shoots.  After  a  few  years  when  the  [ilant  is 
about  20  cm  tall,  flowermg  starts  near  the  apex 
of  the  main  stem  and  brandies.  After  flower- 
ing, vegetative  growth  continues  and  in  subse- 
quent years  new  flushes  of  Howers  appear  in 
the  higher  portion  of  the  stem.  Most  Hoodia 
flowers  have  a  foetid,  «ccrement-like  odour; 
they  produce  nectar  and  pollination  is  mostly 
effected  by  flies. 

EScology  In  Angola  Hoodia  airrorii  subq>. 
eurrorii  is  restricted  to  the  very  arid  parts  of 
the  coastal  Namib  Desert;  in  Namibia  it  also 
occurs  in  this  and  zone  and  also  eastward  ^up 
to  260  km  from  the  coast),  e.g.  in  dry,  short 

fm-est  and  in  diy  Araria  srinib  vegetation. 
Subsp.  lugardii  is  found  further  east  than  any 
other  Hoodia  species,  growing  on  calcareous 
soil,  often  forming  a  shrub  around  the  base  of 
Acacia  toriilis  (Forssk.)  Hayne  or  ColophoS' 
peniiuin  inopane  (Benth.)  J.Leonard. 

Management  Almost  all  Hoodia  species  can 
be  pn^agated  by  seed  and  by  cuttings  taken 
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from  the  base  of  a  branch.  Cuhivntion  is  not 
easy  because  of  the  need  for  hot  and  diy  condi- 
tions. Cultivated  plants  usually  die  ber.iusr  of 
a  too  moist  growing  medium  and  a  lack  of  fresh 
air.  A  recommended  medium  is  I  part  clay,  3 
parts  humus-rich  soil  and  4  parts  rough  sand 
or  grMvcl. 

Genetic  resources  and  breeding  As  a 
consequence  of  the  general  degradation  of  vast 
parts  of  southern  Africa  through  overgrazing 
by  sheep  and  goats.  Ilnmiia  species  have  prac- 
tically disappeared  in  some  areas  where  they 
were  formerly  abundant.  All  species  are  now 
protected  by  (""ITES  reguliit iruis  and  some  epe- 
cies  are  in  danger  of  extinction. 

Proapeots  Hoodia  eurrorii  and  other  Hoodia 
species  cannot  be  recommended  as  a  vegetable 
from  the  wild  liecause  of  the  danger  of  extinc- 
tion. The  nulrilive  value  should  be  investigated 
further  and  commercial  cultivation  possibilities 

need  more  research.  Possibly  th(^  ornnmenlal 
and  medicinal  value.s  far  exceed  other  commer- 
cial prospects,  making  large-scale  commercial 
cultivation  an  interesting  option.  As  a  suppres- 
s.'int  i>f  rippctite  and  thirst,  the  active  principle 
of  lluudiu  seems  to  have  a  bright  future. 
Bfajor  refierenoes  Bruyns,  P.,  1993;  Plowes, 

D.r  n    irif!2;  Wiite  .\  &  Slonne.  B.T.,  VXM . 

Other  references  Aibers,  F.  &  Austmann, 
M.,  1987;  Noltee,  P.  &  de  Graaf  A.,  1983;  van 
Wyk,  B.-E..  yr-.n  i  Hidt.shoom,  R.  &  Gericke,  N., 
1997;  Watt,  J.M.  &  Breyer-Brandwijk,  M.G., 
1962. 

Authors  P.C.M.  Jansen 


IMPATIENS  IRVINGII  Hook.f.  ex  Oliv. 

Protologue  Fl  trop.  Mr.  1:  300  (1868). 
Family  Balsaminaceae 
Chromosoine  niunber  2n  =  14 

Vernacular  names  Tmpnticm  e  il  ln-ing  (Fr). 

Origin  and  geographic  distribution  Impa- 
tiau  irvingii  occurs  from  Guinea  east  to  Ga- 
bon, the  Central  African  Republic,  DK  Congo, 
south-western  Sudan.  Kwand.)  and  southern 
and  western  Tanzania,  and  south  lo  .Angola, 
Malawi  and  northern  Zambia. 

Uses  The  leaves  of  /»i/}f;//V/rs  ininQii  are 
eaten  as  a  vegetable  m  Liberia.  The  plant  is 
used  in  the  Democratic  Republic  of  Congo.  Ga- 
bon and  Sudan  to  produce  a  hig^  quality  vege- 
table salt.  The  young  leaves  are  used  in  Cote 
d  Ivoire  as  a  treatment  for  schistosomiasis.  It  is 
oocasioDaUy  grown  as  an  ornamental  pot  plant. 

Properttes  the  flavonoids  proq^anidin  and 


prodolphidin  have  been  isolated  from  the 
stems,  sepals  and  petals  of  Iinpatiens  in  ingii. 

Botany  Sprawling  or  more  or  less  erect  per- 
ennud  herii;  stem  succulent,  up  to  l.n  m  long. 
Leaves  arranged  spirally',  simple;  petiole  up  to 
1.5  cm  l<Hig;  blade  lanceolate  to  oblong-elliptical, 
up  to  18  cm  X  4.5  cm.  base  cuneate,  apex  acute, 
subacute  or  acuminate,  margin  serrate- 
denticulate.  Flowers  axillaty,  soUtary  or  in  fasci- 
cles of  2-:i.  bisexual,  /ygomorphic,  6-merou8, 
rose  vioItM  or  pale  puriile:  lower  sepnl  spurred,  c. 
5  cm  long;  lateral  petals  paired,  dorsal  petal 
sub-oibicular  or  sU^tly  obovate,  up  to  15  mm  x 
18  mm.  Finit  a  fleshy.  e\])l()si\'e  5-valved,  fusi- 
form capsule  14-18  mm  x  4-(i  mm. 
Impatiena  irvingii  is  extr^efy^  variable,  espe- 
cially in  pubescence,  leaf  shape  and  flower  size. 
In  its  natural  range  it  flowers  throughout  the 
year.  In  Nigeria  aquatic  snail  species  were 
found  to  be  strcmgly  associated  vMi  IntpcUiens 
trv>!igi{  which  is  helpful  in  monitoring  and 
controlling  snails  that  host  scb  i  st  osoma. 

Ecology  Impatiena  irvingii  grows  in  moist 
localities  in  rain  forest,  swamps  or  along  wa- 
tercourses, sometimes  in  shallow  water.  It  is 
restricted  lo  altitudes  of  400—900  m. 

Oenetie  resonroes  and  breeding  As  7m- 

jHilicns  irriiii:ii  is  widely  distributed  there  is  no 
threat  of  e.vlmction.  There  are  no  documented 
accessions  in  germplasm  collections  but  it  is 
grown  in  botanical  gardens  and  by  amateur 
gardeners  in  many  parts  of  the  world. 

Prospects  It  is  not  likely  that  Impatiena 
irvingii  will  find  wider  acceptance  as  a  vegeta- 
ble crop.  The  (il)vi(ius  lack  of  interest  from 
pharmacologists  so  far  is  surprising.  Research 
into  the  role  it  may  play  in  schistosomiasis 
cfintrol  may  prove  worthwhile. 

Major  references  Burkill,  H.M  ,  li)85; 
Grey-W  ilson,  C,  1980;  Ufoezie,  I.E.,  1999; 
Rosna  Mat  Taha,  2001. 

Other  references  Hcgnausr,  R.,  1989. 

Authors  C.H.  Bosch 


IMPATIENS  NIAMNIAMENSIS  Gilg 
Protologue  Bot.  Jahib.  43:  104  (1909). 

Family  Balsam  in. iccic 

Chromosome  number  2/i  -  32 

Vernacular  names  Parrot  plant,  Congo's 
cockatoo,  red  cwkies  beak  IJE^.  Impatience  du 
Zaire,  impatience  bec-(le-jierroquef  (Fr). 

Origin  and  geographic  distribution  Impa- 
tiena niamniameiiaia  occurs  from  Cameroon 
east  to  the  C^tral  African  Republic^  southern 
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Sudan,  south-wostorn  Kenya  and  north- 
western Tanzania,  and  south  to  Angola, 

Uses  In  DK  Congo  the  leaves  of  Impatiens 
in'aniiiidith'iisis  firi'  eaten  as  ti  vegetable  and 
are  used  to  produce  a  vegetable  salt.  The  leaves 
are  eaten  in  Congo  as  a  cure  for  heart  troubles 
and  illnesses  caused  by  evil  spirits.  In  both 
countries  mentioned,  the  leaves  are  used  to 
make  poultices  and  dressin(>:s  to  treat  wounds 
and  sores  and  to  nlleviate  all  kinds  of  pninful 
mndifions.  I  in  pa  liens  iiiaiiiiiiiiiiirii.'iis  is  widely 
grown  in  Africa  as  an  ornamental  garden  or 
potplant. 

Properties  The  flavonoids  procynnidin  and 
prode^phidin  have  been  isolated  from  the  se- 
pals and  petals  of  ImpatieM  niamniammsu. 

Botany  Erect  perennial  herb  up  to  1  m  tall, 

sometimes  epiphytic:  stem  succulent,  becoming 
woody  below,  little  branched.  Leaves  arranged 
spirally,  simple:  petiole  1—10  cm  long:  blade 

broadly  ovntr,  ovnte-ohlnnij  or  elliplirnl  up  to 
22  cm  9.5  cm,  base  cuneate,  apex  sub-obtuse, 
acute  or  shortly  acuminate,  margin  crenate. 
Flowers  azillaiy,  in  2-6-flo\vered  fasddes,  bi- 
sexual, zygomorphic,  5-merous:  lowt^r  sepal 
spurred,  c.  5  cm  lung;  lateral  petals  paued, 
dorsal  petal  cuceulate,  up  to  10  mm  x  6  mm. 
Fniil  a  fleshy  explosive,  5-valved,  fusiform 
capsule  14-lG  mm  x  5—7  mm. 
Impatims  niamnuunensis  is  variable  in  leaf 
size,  leaf  shape,  flower  size  and  flower  colour. 
In  its  natural  range  it  flowers  throughout  the 
year. 

Impatiens  maeroptera.  Hook.f.  has  the  same 

uses  in  r<inyn  as  Impatiens  niauiiiidiiieiisis.  It 
IS  restricted  m  range  (Nigeria  to  Gabon  and 
Congo),  altitude  (600-1360  m)  and  ecology 
(humid,  shaded  rainforest).  It  is  a  perennial 
herb  up  lo  50  cm  tail,  somotimrs  epiphytic, 
with  rose-pmk  or  rose-violet  flowers. 

Ecology  ImpaikiM  tUamtuammsis  grows  in 
moist,  den.sely  shnHod  areas  in  bushland, 
swampy  and  riverine  forests  at  altitudes  of 
350-2400  m.  Frost  is  not  tolerated. 

Management  IinpaUais  nianiiiiaiiumsia  is 
widely  cultivated  ;is  an  ornamental  garden  or 
potplant.  In  cullivalion  it  rarely  sets  seed  and 
therefore  propagation  is  by  cuttings.  Several 
cultivars,  diffoi-ing  in  flower  colour,  are  recog- 
nized in  the  United  States. 

Oenetie  resovzces  and  breeding  In  view 
of  its  wide  distribution  there  is  no  threat  of 
genetic  erosion  or  extinction.  There  are  no 
known  collections  m  scientific  institutions  but 
Impaldms  niamniamenais  is  widely  distributed 
among  professional  and  amateur  gardeners. 


Prospects  As  an  ornamental  Iitipaliena 
niamiiiamensia  has  a  bright  future  in  tropical 
and  subtropical  areas.  Research  is  needed  to 
evaluate  the  traditional  uses  as  a  vegetable 
and  medicinal  plant. 

Major  references  Buridll,  H.M.,  1985; 
(^rcv-Wilsnr,  ('    I'.my  R,.sna  Mat  Taha.  2001. 

Other  references  llegnauer,  R.,  1989. 

Authors  C.H.  Bosch 


IFOMOEA  A^UATICA  Forssk. 

Protx>logue  Fl.  aegj^pt.-arab.:  44  (1775). 
Family  Convolvulaceae 
duromosome  nniuber  2r  =  30 

Synonyms  Ipomoea  reptans  Poir  ( i  s  1  1). 

Vernacular  names  Kangkcmg.  kangkung. 
water  convolvulus,  water  spmach,  swamp 
spinach,     swamp     morning     glory  (En). 

Kanpk'ont;,  lisornn  d  rnu,  pntate  aqiintique  (Fr). 
Cancon,  batata  aquatica  (Po).  Mriba  wa  ziwa 
(Sw). 

Origin  and  geographic  distacibution  Ipo- 

moon  aquitlic'i  is  w  idespread  as  a  swamp  weed 
in  all  tropical  and  many  subtropical  lowland 
areas.  It  is  a  declared  aquatic  or  terrestrial 

noxious  weed  in  lh(^  sduth-eastern  United 
States.  It  occurs  in  nearly  all  countries  of  tropi- 
cal Africa,  from  Mauritania  and  Senegal,  east 
to  Eritrc  n  ;in<l  Somalia,  and  south  to  South 
Africa,  and  also  in  the  Indian  Ocean  islands.  It 
is  a  popular  cultivated  vegetable  m  South-East 
Asia  and  southern  CJhina,  but  is  rare  in  India. 
It  IS  known  as  a  leafy  vegetable  m  tropical 
America,  where  people  of  Asian  origm  cultivate 
it.  It  is  grown  on  a  small  scale  under  protected 
culttvation  in  France,  the  United  Kingdom  and 


Ipomoea  aquatiea  -  wUd 


IPOMOEA  333 


the  Netherlands  for  Vietnamese,  Thai  and  In- 
donesian clients.  In  tropical  Africa  it  is  re- 
ported as  a  collected  wild  vegetable  in  Benin, 
DR  Congo  Kcnyn  ami  Tanznnin  Asion  rulfi- 
vars  are  occasionally  grown  on  a  small  scale  for 
the  Asian  diraiitele  near  big  cities.  Kangkong 
can  be  found  in  market  gardens,  e.g.  in  Cdte 
dlvoire  and  Nigeria. 

Uaes  Yoimg  shoots  and  leaves  of  kangkong 
are  r«llrc((>d  for  use  as  a  leafy  vegetable.  Often 
tho  \vh<)l(»  .nhove-pround  plant  part  of  ruUiv;iti><I 
kangkong,  mcluding  the  tender  hollow  stems, 
is  consumed.  Kangkong  can  be  stir-fried, 
steamed,  boiled  foi-  a  few  minutes  or  lightly 
fried  in  oil  and  eaten  in  various  dishes.  It  is 
ofta&  mixed  with  hot  peppers  and  garlic,  and 
pr^ared  with  meat  or  iish  In  Asia  the  leaves 
are  sometimes  separatfd  tiuin  the  stems,  and 
the  stems  are  cooked  a  bit  longer.  In  Africa 
only  the  leaves  of  wild  plants  are  consumed, 

the  .stems  are  removed  The  roots  are  orfnsion- 
ally  eaten.  Wild  kangkong  is  often  collected  as 
fodder  for  cattle  and  pigs. 
In  Indonesia,  kangkong  is  traditionally  given 
at  dinner  to  young  children  to  make  them  quiet 
and  help  them  sleep  well.  In  Asia  it  is  used  in 
traditional  medicine.  The  sap  is  used  as  an 
emetic,  jiiirsjative  and  sedative,  and  flower 
buds  are  applied  to  ringworm.  In  Sri  Lanka 
kangkong  is  used  to  treat  diabetes  mellitus. 

Production  and  intenoMtknial  trade  In 
South-East  .\sia  and  China,  many  thousands 
hectares  of  kangkong  are  commercially  pro- 
duced. Thailand  and  some  Caribbean  countries 
export  kangkong  during  the  winter  months  to 
Europe.  There  are  no  production  or  yield  data, 
and  there  is  no  international  trade  from  Africa. 

Properties  Hie  nutritional  composition  of 
raw  kangkong  per  100  g  edible  portion  is:  wa- 
ter 92.5  g,  energj'  80  kJ  (19  kcal),  protem  2.6  g, 
fat  0.2  g,  caifoohydrate  3.1  g,  dietary  fibre  2.1  g, 
Ca  77  mg,  71  nig,  P  .39  mg  Fo  1.7  mg,  7n 
0.2  mg,  vitauim  A  6300  lU,  thiamm  0.03  mg, 
riboflavin  0.10  mg,  niacin  0.90  mg,  folate  57  \ig, 
ascoihic  and  ,j5  mg  (L^SDA.  2002).  The  nutri- 
tional \akit'  oflcaf-hlarli's  is  liit;hi'r  than  that  of 
petioles  and  stems;  unfortunately,  sources  do 

not  state  whether  stems  and  leaves  or  leaves 

only  were  nnnlysed  Arcumulation  of  heavy 
metals  in  kangkong  has  been  reported  for  Asia 
because  the  plants  often  grow  in  poUuted  wa- 
ter, 

Kangkong  shuwrd  oral  hypoglycaemic  activity 
in  tests  with  diabetic  humans  and  rats;  it  was 
shown  that  an  aqueous  leaf  extract  can  be  as 
effective  as  tolbutamide  in  reducing  blood  glu- 


cose levels. 

Description  Annual  or  perennial  heifo  with 
smooth,  succulent,  hoUow  stems  rooting  at  the 
nodes.  Lcavis  alternate,  simple:  stipules  ab- 
sent; petiole  2-25  cm  long;  blade  ovate  or  tri- 
angular to  lanceolate  or  linear,  2.5-15(— 25)  cm 
X  0.5-10  cm.  truncate  to  cordate  or  hastate  at 
base,  entire  or  coarsely  toothed.  Inflorescence 
an  axillary  1-7-flowered  cyme;  peduncle  up  to 
14  cm  long.  Flowers  bisexual,  regular,  5- 
merous;  sepals  free  ovate  up  to  112  mm  long; 
corolla  funnel-shaped,  1-10  cm  long  with  a 
narrow  tube  and  limb  c.  5  cm  wide,  purple, 
pink  or  white,  often  with  purple  centre:  sta- 
mens inserted  near  base  of  corolla  tube,  un- 
equal, included;  ovary  superior,  2-celled,  style 
slender,  included,  stigm  is  -j,  globular.  Fruit  a 
gldlxise  to  ovoid  capsule  c.  1  cm  in  diameter, 
smooth,  brown,  enclosed  by  the  sepals,  2-^- 
seeded.  Seeds  angular  to  rounded,  c.  4  mm 

long  densely  pubescent  blnrk  or  pale  to  dark 
brown.  Seedlmg  with  epigeal  germination; 
cotyledons  horseshoe-shaped. 

Other  botanical  information  Ipomoea 
comprises  about  500  species  and  occurs  mainly 
m  the  tropics. 

Two  types  of  cultivated  kangkong  are  distin- 
guished in  South-R;ist  Asia.  The  traditional 
one  is  close  tu  the  wild  type  and  has  mostly 
purple  flowers.  It  is  propagated  by  cuttings.  It 
has  tough  stems  and  is  always  harvested  by 
ratooning.  This  type  is  being  gradually  re- 
placed  by    white-tloweriiig  seed-propagated 


Ipomoea  aquatica  -  floweriitg  shoot. 
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kangkong,  usunllj-  grown  for  onco-ovcr  harvest, 
but  some  strongly  branching  cultivars  are  also 
used  for  ratooning.  Many  cultivars  of  the  latter 
typo  have  been  selecteil.  v  ii.  u  ith  big  or  snuill 
leaves,  pale  or  dark  green  stems  and  leaves, 
more  or  less  brandung,  fast  emergenoe  and 
growth,  and  improved  keying  quality  or  ten- 
derness. 

In  Africa,  leaves  of  wild  Ipomoea  erioearpa 
R.Br.  and  Ipomoea  ol>.H<itra  (Jj.)  Ker  Gawl.  are 
used  ns  n  vogotnbic  in  ;)  similnr  wny.  I.onvps  of 
sweet  potato  {Ipomoea  batatas  (L.)  Lam.)  are  a 
popular  vegetable  in  many  places,  but  their 
taste  and  tenderness  do  not  matdi  those  of 
kangkong. 

GrowHi  and  development  Germination 

rates  of  local  kangkong  cultivars  are  often  low 
(<60%)  because  of  hard-set'dcdness  induced  by 
lung  storage.  Reliable  seed  companies  supply 
improved  cultivars  with  a  high  (>80%)  germi- 
nation perrontago.  Below  25"C  kiingkong  seeds 
do  not  germinate  well.  Plants  start  developing 
lateral  brandies  from  cotyledonaiy  buds  2-3 
weeks  after  sowing.  Thereafter  the  main  axis 
and  both  laterals  each  produce  about  one  leaf 
everj-  2—3  days.  Cultivars  selected  for  once-over 
harvest  or  uprooting  have  retarded  brandling 
or  nimosi  no  brnnching.  Ratooning  of  veg(»(n- 
tively  prupagated  plants  or  wild  plants  can 
start  about  one  month  after  plant  establish- 
ment. Onrc-over  harvest  of  direct,  sown  plants 
tnkos  plneo  "Jl-IUI  dnys  after  sowing.  After  "2-o 
months,  kangkong  starts  flowering  but  mean- 
while continues  to  form  new  leaves  and 
branches,  Kangkong  is  a  qu;ui< H;it i\ <■  short- 
day  plant,  early  flowering  bemg  mduced  by 
short  days  (<12  hours).  Flowering  is  also 
stimulated  by  drought.  Kangkong  is  mainly 
self-pnibnnted  (G0-().5%),  but  cross-pollination 
by  bees  and  buttei'flies  does  occur. 

Ecology  Wild  kangkong  is  found  floating  on 
writer  or  rooting  nt  the  stem  nodes  in  marshy 
or  wet  soil,  often  on  river  banks  and  as  a  weed 
in  rice  and  other  crops  on  wet  soils.  It  occurs 
from  sea-level  up  to  1500  m  altitude.  Cultivated 

kArtglfrtwg  produces  nptimiim  yields  iri  lln'  low- 
land tropics  under  lugh  lempeialures,  lull  sun- 
shine and  abundant  water.  It  is  rarely  grown 
above  500  m  altitude  bernuse  nf  temper.if iires 
below  25**C  the  growth  rate  is  too  slow  to  make  it 
an  ectmomic  crop.  At  higher  latitudes  it  is  grown 
as  a  summer  vegetable.  Kangkong  is  adapted  to 
a  wide  range  of  soil  conditions,  but  fertile  soils 
with  a  h^h  level  of  organic  matter  are  pre- 
ferred. The  optimum  pH  is  5.3-6.0. 
Prc^agation  and  planting  Kangkong  can 


be  grown  as  an  upland  crop  or  in  wet  cultiva- 
tion. Cultivation  of  upland  kangkong  is  most 
advanced  with  market  growers  in  South-East 
Asia  and  is  also  «i>plied  for  mnrket  jirodud  loii 
in  Africa,  where  the  seed  is  imported  from 
Asian  seed  companies.  The  1000-seed  wei^t  is 
h()-('>()  g.  Seed  is  either  broadcast  or  sown  in 
rows.  The  seed  may  be  soaked  for  12-24  houi  s 
in  water  befeire  sowing.  The  seed  rate  is  high, 
60-100  g  per  10  m-bed  (tlO-lOO  kg/ha).  If  ne<> 
essnjy  soils  nre  limiMi  before  sowing  (L'-'HO 
kg/ha).  Final  plant  densities  may  range  from 
0.3-1.7  millfon  plants/ha.  A  quick  and  uniform 
emergence  is  nn  important  objective  of  farmers, 
Wet  or  paddy-fleid  cultivation  is  still  much 
practised  in  South-East  Asia,  but  is  dedming 
because  upland  kangkong  is  more  productive 
and  h:is  a  better  mtirket  quality  Phuiting  is 
usually  direct  by  cuttings,  bul  in  some  places 
tranq[>lanting  6-week-old  seedlings  raised  on 

nursen,"  beds  is  used  Cuttings  nre  plnnted  o-o 
cm  deep  into  the  mud.  Planting  densities  vaiy 
widely  from  0.2-1.5  milUon  cuttings  per  ha. 
Locally,  floating  kangkong  without  root  contact 
with  the  soil  is  grown  on  a  commercial  scale  in 
ponds  and  rivers,  m  integrated  systems  with 
fish,  pigs  and  diidcen.  Cuttings  are  anchored 
t(i  :i  b.imboo  frnni(>  floating  in  the  water  and 
furmmg  a  kmd  of  bed. 

Management  bi  upland  cultivation  weeding 
is  seldom  needed,  except  when  germination  is 
slow.  E)ady  wntering  with  ample  water  is  nec- 
essary. Although  kangkong  can  do  well  under 
conditions  of  moderate  soil  fertility,  it  reqionds 
well  to  N  fertilizer  and  the  mineral  upfnke  is 
high.  A  general  fertilizer  recommendation  in- 
cludes manure  applied  before  sowing  at  a  rate 
of  up  to  '.W  t/ha,  or  10  t/ha  supplemented  with 
N  nO  kg,1-i;i  ,  P  ;'.n  kg.^a  and  K  -40  kg.1i;i.  This  is 
followed  by  topdressmg  at  tliree  10-day  mtervals 
with  N  at  a  rate  of  30,  8  and  8  kg/ha,  P  at  4,  4 

andO  kg/ha  nnd  K  at  12,  nnd  0  kg.'Tin,  Tn  ensc 
of  ratooning,  whicli  is  common  in  home  gardens, 
additional  top  dressing  is  recommended  after 
each  cutting.  Application  of  large  amounts  of 
nitrogen  fertilizer  increas«:'s  yield  :ind  leid'/stem 
ratio,  but  also  the  nitrate  content,  whereas  the 
diy  matter  content  decreases. 

In  wet  eiiltivntinn  the  water  level  is  raised  in 
accordance  with  the  development  of  the  crop, 
reaching  a  depth  of  15—20  cm.  Young  plants 
cannot  withstand  flooding.  Fertilizer  applica- 
tion is  similar  to  upland  cultivation,  also  with  a 
top  dressing  after  each  cuttmg.  Cultivation  is 
terminated  in  the  event  of  flowering  or  serious 
losses  due  to  diseases,  peats  or  weeds. 
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Diseases  and  pests  White  mst.  (Albujio 
iponioeae-panduratae,  often  referred  to  as  Al- 
imga  ecmdida),  oommon  on  sweet  potato,  is  the 
ni'wf  I'ninninn  ilisefisc  of  k;uiy;k<>iii»;  it  causes 
white  patches  which  diminish  the  market  qual- 
ity. Heavy  white  rust  infection  may  start  as 
soon  as  two  weeks  after  seedhng  emergence. 
Damping  ofl'  of  seedlings  caused  by  Pythium  ap. 
may  occur,  and  occasionally  Cereoapora  leaf 
spot.  Owing  to  the  short  growing  period,  dis- 

ea8e^>  and  pests  cause  fower  p7"ob1rms  in  once- 
over han'ested  crops  tlian  m  ratooned  crops. 
Where  ratooning  is  practised  caterpillars  of 
Spoil  opt  era  litura  and  DiacHsia  strigatiila  and 
aphids  may  cause  serious  damage.  Chemical 
control  is  a  general  practice,  but  hazardous 
because  of  residues.  Root-knot  nematodes 
{Mi'!oi(loi>yiiv  spp.)  are  reported  as  occasionally 
truublesume  m  ratuon  cropping  in  dry  land,  but 
not  in  wet  soils.  Upland  kangkong  harvested 

by  uproot insi  and  sown  repeatedly  at  tho  same 
bed  without  an^'  crop  rotation  is  remarkably 
free  of  BoiS>ome  diseases,  including  nematodes, 
probably  because  many  noxious  nematodes  are 
removed  with  the  roots  when  uprooting. 

Harvesting  Harvesting  ul  upland  kangkong 
takes  place  from  21-30(— 45)  days  after  sowing 

for  once-over  harvest  by  u[)rootinf:  or  riittinji  at 
ground  level.  The  damaged  basal  leaves  are 
removed.  The  stems  of  the  seedlings  are  big, 
tender  and  crisp. 

In  wet  cnltivation  barvoslinp  by  cutting  younp 
shoots  starts  1-2  months  after  planting,  and 
subsequently  at  regular  intervals,  or  the  plants 
are  c-ut  ."-10  cm  abovt-  giound  level  every  4-6 
weeks.  The  stems  are  thmner  and  more  fibrous 
and  tough  than  in  upland  kangkong. 
Yield  Undc>r  upland  cultivation,  yields  per 

crop  range  fi-om  7—'.W  t/ba  of  fresh  produce 
dependmg  largely  on  the  cultivation  period.  A 
good  once-over  harvested  crop  of  3  weeks  pro- 

duces  l..^-2.0  kfr/m^.  The  pctenti.-d  yield  of  12 
crops  per  year  from  the  same  bed  would  add  up 
to  240  t/ha  of  fresh  marketable  produce.  Under 
wet  cultivation,  yields  are  difficult  to  compare 
because  cultivation  periods  differ  greatly.  An- 
nual yields  of  25—100  t/ha  are  reported  in 
South-East  Ana.  For  floating  kani^ong  an 
nnnu  nl  production  of  90  t/ha  of  fresh  produce  is 
reported  for  Thailand. 

Handling  after  harvest  Shoots  of  wetland 
kangkong  are  tied  into  bundles  and  trans- 
ported to  the  market.  Entire  plants  of  uiilnnd 
kangkong  are  washed  or  wetted  and  sometimes 
wrapped  in  plastic  to  prev^t  wilting.  For  long- 
distance transport  and  supermarkets  in  Asia, 


kangkong  bundles  are  packed  in  layers  of  15 
cm  in  bamboo  crates  with  crushed  ice  in  be- 
tween. Kangkong  harvested  from  rivers  has  a 
longer  shelf  life  because  the  leaf  area  of  the 
young  shoots  is  small. 

Genetie  resources  Ipomoea  aquatiea  is 
extremely  widespread  and  not  in  danger  of 
genetic  erosion.  Germplasm  collections  are 
maintained  at  the  Asian  Vegetable  Research 
and  Development  Center  (AM^DC)  in  Taiwan 
and  at  national  research  institutes  in  South- 
East  Asia. 

Breeding  Consumers  have  specific  prefer- 
ences with  regard  to  the  quality  of  the  product, 
e.g.  number  of  leaves,  stem  length,  perc<entage 
of  fibre,  and  taste.  East-West  Seed  Company  in 
Thailand  selected  superior  cultivars  from  land- 
races  i"nr  <  hiir;i(  ters  such  as  tender  thick  stems, 
rapid  development,  and  absence  of  side  shoots 
for  once-over  harvest.  Some  popular  cultivars 
for  once-over  harvest  are  Ynnei/e'  wi(h  broad 
leaves  and  grown  year-round,  Salween'  with 
small  bamboo-like  leaves  and  suitable  for  the 
hot  rainy  season,  and  'Liao'  with  bamboo-like 
leaves  for  the  dry  season:  the  strongly  branch- 
ing cultivar  Chmwin  is  suitable  fur  multiple 
harvesting.  Northern  Thailand,  Vietnam  and 
southern  I  'hinn  jiroduce  muc'h  kangkong  seed, 
usually  mechanically  harvested,  with  yields  up 
to  1000  kg/ha. 

Prospects  Upland  kangkong  is  an  excellmt 
vegetable  worth  promoting  in  tropical  African 
lowland  areas.  The  introduction  of  improved 
Asian  cultivars  of  upland  ksaa^lsxmg  might  be 
successful  especially  in  areas  where  sweet  i)0- 
tato  leaves  are  traditionally  consumed.  Locally, 
conditions  are  suitable  for  seed  production. 
Research  should  focus  on  the  improv(»ment  of 
fertilizer  application  and  non-chemical  control 
of  insect  damage.  Breeding  efforts  should  con- 
centrate on  cultivars  adapted  to  specific  Afi:i- 
can  environments  and  resistant  to  white  rust. 

Major  references  Comelis,  J.,  Nugteren, 
J.A  &  Westphal,  E.,  1985;  de  Hoop,  J.S.  & 
Atmadi  Saleh,  2002;  East  West  Seed  Interna- 
tional, undated;  Edie.  Il  l  I.  &  IIo.  B.WT 
lUUU;  Linnemann,  A.li.  et  al.,  1086;  Maundu, 
P.M.,  Ngugi,  G.W.  &  Kabuye,  C.H.S.,  1999; 
Palada,  M.C.  &  Chang,  L.C.,  200:^;  USD  A, 
2002a;  van  der  Zon,  AP.M.  &  Grubben,  G.d.H., 
1976;  Westphal.  E.,  1993. 

Other  references  Deroin.  T  .  2001;  Gon- 
^alves.  M.L.,  1987;  Malalavidhane,  T.S.  et  al,, 
2003;  Yamaguchi,  M.,  1990. 

Soiireesof  iUiuitration  Westphal,  E.,  1993. 

Anthors  G.J.H.  Grubben 
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IPQMOEA  ERIOCARPA  R.Br. 

Protologue  Prodr.:  484  (1810). 
Family  dm  \  (  >  I  \'  ii  I  ;i  cc  i\ e 
Chromosome  niuuber  2ii  =  30 
Synonyms  Ipomoea  hispida  (Vahl)  Roem.  & 

Schult.  (1819)  non  Zucc.i^ni  [pmnoi'ii  aeasili- 
flora  Roth  ex  Roem.  &  Schult.  (1819). 

Vernacular  names  Lagavo  t-ozinho,  legayao 
cabcH-inho  (Po). 

Origin  and  geographic  distribution  Ipo- 
moea eriocarpa  is  widespread  m  tropical  Africa 
including  Madagascar,  extending  to  South  Af- 
rica and  Keypt  and  occurs  .ilsn  in  tropictil  Asia 
and  northern  Austraha.  in  northern  Nigeria  it 
is  ooeasionally  cultivated:  in  India  it  is  cultt- 
vaicil  on  u  IfU'Sfi'  scajr  for  tudder. 

Uses  The  k'as  t's  ol'  Ipoiiioea  eriocarpa  are 
eaten  in  Africa  and  India  as  a  cooked  vegeta- 
ble, in  soups  or  mixed  with  other  food.  In 

I'^gnnda  a  root  dorortion  is  USod  to  speed  up 
fermentation  in  the  preparation  of  a  local  drink 
called  Icwete';  the  roots  can  be  found  on  local 
markets.  In  India  the  seeds  are  eaten.  The 
plant  is  a  good  fodder  and  in  India  it  is  culti- 
vated fur  this  purpose.  It  is  also  an  effective 
soil  binder  and  cover  plant,  which  smothers 
woods.  Tn  I'jiandn  a  root  doc-oc-fion  is  di'unk  by 
women  to  relieve  menstrual  pain.  In  India  an 
oil  extract  of  the  plant  is  used  ottemally 
against  headache,  iheumatism,  leprosy,  epi- 
lepsy uloors  and  fever  In  veln  inniy  medirino 
the  oil  extract  is  used  to  cure  wounds  of  cattle. 

Properties  At  the  flowering  stage,  fodder  of 
Ipomoea  erioearpa  in  India  cnjntains  per  100  g: 
water  16  g,  prutem  IG  g,  carbohydrate  35  g  and 
fibre  21g.  The  fodder  is  said  to  be  as  valuable 
as  sunnhomp  (Crotalaria  juncea  L.).  The  seeds 
contain  per  100  g:  protein  22  g  fnt  10  g,  rnrbo- 
hydrate  l  l  g,  but  an  irritant  purgative  i-esin  is 
also  present. 

Botany  .\nniinl  herb  with  twining  or  pros- 
trate stems,  pubescent  or  hispid  with  long  and 
short  hairs.  Leaves  alternate,  simple;  stipules 
absent;  petiole  l-<5  cm  long;  blade  ovate- 
oorda(<>  U>  lincai-olilong.  2-10  cm  x  1—7  em. 
base  usually  slightly  hastate  with  rounded 
kbes,  apex  acuminate  to  obtuse,  margin  entire 
and  pilose-strigose.  Tnfloresrence  .an  axillary 
(l-)3-many-flowerod  cj'me,  bracteate;  peduncle 
up  to  1.5  cm  long.  Flowers  bisexual,  regular,  5- 
merous;  pedicel  c.  0,.5  cm  long:  sepals  ovate,  up 
to  0  mm  X  I  mm  hispid-piloso,  spreading  in 
fruit,  corolla  tubular  to  funnel-shaped,  up  to  1 
cm  long,  subtly  lobed,  purple,  pink  or  white 
with  a  purple  centre,  with  5  haixy  bands  out- 


side; stamens  inserted  near  base  of  corolla 
tube;  ovary  superior,  long-hairy,  2-celled,  style 
filiform,  c.  4  mm  long,  stigma  with  2  globular 
lobes.  Fruit  a  globose  to  ovoitl  capsule  c  R  mm 
long,  hairj^  apiculate,  openmg  with  1  valves, 
up  to  4-seeded.  Seeds  ovoid,  c.  5  mm  x  3.5  mm, 
black,  finely  punctate,  glabrous, 
Ipomoea  comprises  about  500  species  and 
mainly  occurs  in  the  tropics. 

Eioology  Ipomoea  eriocarpa  occurs  in  sa- 
vanna woodland,  grassland  ami  as  a  weed  on 
cultivated  ground,  from  sea-level  up  to  1800  m 
altitude.  In  Uganda  it  occurs  in  areas  with  an 
annual  rainfall  of  1000-1.500  mm.  but  it  is  said 
to  be  hardy  and  drought  resistant.  It  can  be 
found  on  alluvial  and  san^  soils.  In  Benin  it  is 
a  common  weed  in  oott<m  and  sorghum,  but 
absent  in  yam  fields. 

Management  In  Africa  ipomoea  eriocarpa 
leaves  and  roots  are  collected  from  the  wild 

whenever  needed.  Dried  leaves  can  also  be 

Stored.  Propagation  is  possible  by  seed  and 
cuttings. 

Genetic  resources  and  breeding  Ipomoea 
eriocarpa  is  widespread  and  not  in  danger  of 
genetic  erosion. 

Prospects  Ipomoea  erioearpa  will  remain  a 

minor  vegel  able,  with  intert^sling  j>rM{iir1  ies  as 
fodder  and  a  medicinal  plant,  meriting  more 
research  in  Africa. 

Major  references  Rurkill  II. M.,  198.5;  Gon- 
q-alves,  M.L.,  11)87;  Katcmlc.  A.B.,  Ssegawa.  P. 
&  Bimie,  A.,  1099,  Kulfo,  C.K.,  Bimie,  A.  & 
Tfengnfis,  B.,  2002;  Williamson,  J.,  1956. 

Other  references  Deroin,  T.,  2001;  Verd- 
court,  B.,  1963. 

Authors  P.C.M.  Jansai 


Ipomoea  oBscuRA  (L.)  Ker  Gawl. 

Protologue  Bot  Reg  W:  t.  239  (I8I7). 

Family  Convolvulaceae 

Chromosome  nvunber  2n  =  30 

Synonyms  Ipomoea  fragilis  Choisy  (1845), 
Ipomoea  acanthocarpa  (f^hoisy)  Asch  & 
Schweinf.  (1867),  Ipomoea  iiicoitspicita  Bak. 
(1894). 

Vernacular  names  Obscure  moming  glory 

(En). 

Origin  and  geographic  distzibution  Ipo- 
moea  obscura  is  widespread  in  tropical  Africa, 
including  Madagascar  the  Mascnreno  Islands 
and  the  Seychelles,  m  South  Africa,  tixipical 
Asia,  northern  Australia  and  Fiji. 

Uses  The  leaves  of  Ipomoea  obaeura  are  ool- 


ISONEMA  337 


lected  from  the  wild  and  oaten  as  a  cooked 
vegetable  in  Kenj-a  and  added  to  soup  in  Nige- 
ria. The  plant  is  also  used  as  fodder  for  all  live- 
stook,  In  \}\{  Cimi^o  li';if  sMp  is  umciI  to  treat  fits 
of  insanity  and  in  eastern  Africa  a  root  decoc- 
tion is  drunk  against  djrsentety.  In  Indonesia  a 
paslc  (if  the  leaves,  mixed  with  Aigyivia  mollis 
(Burm.f.)  Choisy  leaves  and  alcohol,  is  applied 
to  open  sores  and  pustules.  Dried  and  pow- 
dered leaves  arc  used  to  treat  aphthae,  /jpo- 
moea  nhsnira  h;is  also  ornamental  value  as  a 
climber  with  attractive  flowers. 

Properties  The  leaves  of  Ipomoea  ohseura 
arc  nuiriljit;in(ius  and  have  n  jilc.wjiut  snu'll 

Botany  .Annual  or  perennial  herb  with  slen- 
der, twining  or  prostrate  stem  up  to  3  m  long, 
glabrous  or  [latently  hair>'.  Leaves  alternate, 
simple:  stipules  absent:  petiole  up  to  11  cm 
long;  blade  usually  ovale,  sometimes  linear- 
oblong,  2-10  cm  cm,  base  cordate,  apex 

aruminntr  mnrgin  entire  or  sliphtly  umiulnto 
pubescent  or  glabrescent.  Inllorescence  an  axil- 
laiy  l-few-flowered  cj'me:  pedimcle  1-14  cm 
long,  slender;  bracts  minute  Flowers  bisexual, 
regular,  ri-merous:  p('<licr>l  1-2  rrn  long,  re- 
flexed  in  fruit;  sepals  ovate  to  lanceolate,  4-8 
mm  long,  often  accrescent  and  reflexed  in  fruit; 
corolla  funnrl-shnped,  2-2..'!  cm  lonp  yellow, 
orange,  cream  or  white  with  5  darker  bands, 
often  centre  dark  purple;  stamens  inserted 
near  base  of  corolla  tube,  included;  ovary  supe- 
rior, plnlirous  2-rolleii  style  c  8  mni  lonp. 
stigma  2-lobed.  Fruit  a  globose  to  broadly  ovoid 
capsule,  7-10  mm  long,  apiculate,  opening  with 
4  valves  up  to  4-seeded.  Seeds  ovoid,  c.  4  mm 
long,  black,  pubescent. 

Ipomoea  comprises  about  600  species  and 
mainly  occurs  in  the  tropics.  Ipomoea  obscura 
is  rather  variable  and  several  varieties  have 
been  distinguished.  However,  the  occurrence  of 
many  intettnediates  makes  these  subdivisions 
(luc-f  i  in  ililo  nnd  without  much  prartirnl  use. 

Ecology  Ipomoea  obacura  occurs  in  grass- 
land, thickets,  hedges,  open  forest,  waste 
ground,  roadsides  and  as  a  weed  in  cultivated 
fields,  ocoasionally  tdong  sandy  beaches,  from 
sea-level  up  to  18U0  m  altitude. 

Genetic  resources  and  breccUaC  Ipomoea 
nhsaira  is  widespread  and  not  in  danger  of 
genetic  erosion. 

Prospects  Ipomoea  obscura  will  remain  a 
minor  vi'tjetabli".  of  local  imjiortanre  only.  Its 
nutritional,  medicinal  and  ornamental  values 
deserve  more  research. 

Major  references  Burkill,  H.M.,  1985; 
Burkill,  H.M.,  2000;  Dibiyantoro,  AI^H.  & 


Schmelzer,  G.H.,  2001:  Gontalves,  M.L.,  1987. 

Other  references  Deroin,  T.,  2001;  Kok- 
waro,  J.O.,  1993:  \  erdcourt,  B.,  1963. 

Autiiors  P.C.M.  Jansen 


ISONEMA  SMEATHMANND  Roem.  &  Schult. 
Protologue  Syst.  veg.  4:  401  (1819). 

Family  Apocgnaaoeae 

Chromosome  number  2n  -  22 

Origin  and  geographic  distribution 
laonema  emeathmcmnii  occurs  in  West  Africa, 
from  Senegal  to  Ghana 

Uses  In  Sierra  Leone  young  leaves  of 
laonema  tmeathmannU  are  eaten  as  a  vegeta- 
ble. In  Cote  d' I  voire  the  Kyama  people  use  the 

l.iTcx  tn  treat  old  sores. 

Botany  Climbing  shrub  up  to  5  m  tall, 
brandies  up  to  20  m  long,  scarcely  containing 
sticky  clear  or  milky  latex  (most  obvious  in  the 
roots);  main  stem  c.  2  cm  in  diameter,  branches 
blackish,  branchlets  rusty-brown  pubescent. 
Leaves  opposite,  simple;  petiole  3-7  mm  long, 
pubescent:  blade  oblong  to  narrowly  obovate, 
4—12  cm  X  2-0  cm,  base  usually  rounded,  apex 
acuminate  to  apiculate  or  obtuse,  margin  en- 
tire, leafheiy,  pilose  to  pubescent  beneath, 
secondary  veins  4— (i  on  each  side.  Inflorescence 
usually  terminal,  thyrsoid,  up  to  27  cm  X  6  cm, 
densely  pubescent;  peduncle  up  to  7  cm  long. 
Flowers  bisexual  regular,  5-merous:  pedirel  .3— 
5  mm  long;  sepals  broadly  ovate,  2-2.5  mm  x 
1—2  mm,  brownish,  pubescent  outside,  bearing 
5  groups  of  2—'^  glands  1  mm  lunj;:  corolla  tube 
7—10.5  mm  lung,  glandular  pubescent  inside, 
lobes  ovate-oblong,  4.6-6  mm  x  2-3  mm,  red- 
brown  to  pink-red  inside  and  with  4  yellow 
lonpifiubnal  stripes  corolla  often  with  lateral 
appendage;  stamens  e.\serted  for  3—1,5  mm; 
ovaiy  superior,  consisting  <^  2  free  carpels, 

.style  filiform  8  5-] 2  mm  long,  club-shaped  at 
apex  and  composed  of  2  rings  above  each  other, 
stigma  2-lobed.  Fruit  composed  of  2  widely 
■^pi  I  follicles  connate  at  base  each  one 
cylimirual.  11-20  cm  x  0.")-!  cm.  M'lvt'ly  rusty 
brown,  many-seeded.  Seeds  lusiloim,  laterally 
compressed,  18-22  mm  x  2-3.5  mm,  at  apex 
bearing  a  ooma  of  spreading  hairs  about  2  cm 
long. 

laonema  is  a  small  genus  of  3  species,  re- 
stricted to  West  and  CSentral  tro]>u'al  .Vfrica. 
The  other  2  species  are  Isonema  hiirhliohii 
Engl,  (i-estricted  to  Nigeria  and  Cameroon)  and 
laonema  infimdSmUflomm  Stapf  (restricted  to 
Cameroon,  Gabon  and  DR  Congo).  The  pres- 
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cncp  of  unilateral  appendages  tn  the  ooroUa 
distinguishes  Isoiiema  from  related  gi-nera. 

Etoology  Iwmema  smeathnumnU  grows  in 
scrub  vegetation  or  forest,  mainly  ncir  the 
coast,  often  near  water  or  m  swampy  loc:ations. 
Flowering  and  fiuiting  has  been  observed  year- 
round. 

Genetie  resources  and  breecling  In  its 
area  of  distribution  honema  $meaihmannii  is 
rather  common  and  not  in  danger  of  genetic 

erosion. 

Prospects  Isoiieina  sineathinaiinii  is  a  deco- 
rative climbing  shrub  with  red-yellow  flowers. 
The  vmIuo  of  its  youn^  IcMves  as  a  vegetable 
and  its  latex  as  a  medicme  can  only  be  con- 
firmed after  more  investigation. 

Major  references  Burkill.  H.M.,  1986; 
Iluber.  II.  19G:5:  van  der  Ploeg.  J..  1983. 

Other  references  Bouquet,  A.  &  Debray, 
M..  1974:  Dalziel.  J.M.,  1937;  Irvine,  F.R,, 

Authors  i^.C.M.  Jansen 


jACqUEMONTIATAMNIFOLIA  (L.)  Qrifieb. 
Protologue  Fl.  Brit.  W.  1. 6: 474  (1862). 

Family  '  'onvolx-iilnri  nc 

Chromosome  number  2ii  -  18 

Synonyms  Ipomoea  tamnifoUa  L.  (175.^), 
JacquemtmHcux^niaia  (Desr.)  G.Don  (1837). 

Vernacular  names  Haiiy  cluster-vine  (En). 
Kikopwe  (Sw), 

Origin  and  ge<^rapliie  distribution  Joe- 
iftniiiontia  lainiiifoUu  occurs  thinuuliout  Afiicn 
mcluding  Madagascar  and  other  Indian  Ucean 
islands;  it  is  also  found  in  tn)pica!  America. 

Uses  In  l\enyn  and  T.inzania  the  loaves  of 
•Jnrqiicwoiitid  Itiniiiifolin  :\rc  collected  from  the 
wild  and  eaten  as  a  cooked  vegetable,  m  Ghana 
they  are  added  to  soup.  The  plant  is  also  a  good 
fodder  for  all  livestock  Tn  Xiporia  rnished 
leaves  are  applied  against  headache  and  in 
Senegal  dried  powdered  leaves,  mixed  with 
leaves  of  Sarcocephaku  lali/nliiis  (Sm.) 
E.A.Bruce,  are  taken  as  a  snuIT  to  treat  neu- 
ralgia. In  Tanzania  leaf  sap  is  applied  against 
ooiqtinctivitis  and  ash  of  the  plant  mixed  with 
castor  oil  is  rubbed  into  scarifications  to  treat 
leprosy.  Juice  of  leaves  and  roots  is  taken  as  an 
antidote  to  treat  bites  of  green  mamba  snakes 
and  a  leaf  infusion  is  used  to  wash  wounds. 
With  its  dense  inflorescenres  of  bright  blue 
flowers  Jacquemontia  tamnifoUa  is  a  beautiful 
omamontal  climber. 

Properties  Traces  of  hallucinogenic  indole 


alkaloids  arc  present  in  the  seed  oi  Jocquemoii- 
tia  tamnifolia.  Plant  extracts  are  slightly  insec- 
ticidal. 

Botany  Annual  herl>  with  several  stems 
from  the  base,  usually  climbing  or  trailing, 
occasionally  erect,  appressed  sillqr  hairy. 
Leaves  alternate,  simple:  stipules  absent;  peti- 
ole up  to  5  cm  long,  densely  hairj';  blade  ovate 
to  oblong  or  cordate,  up  to  9  cm  x  6  cm,  base 
truncate  to  cordate  apex  acuminate,  margin 
entire  ciliate.  Inflorescence  a  dense,  hairy, 
head-like  cyme  c.  2.5  cm  in  diameter,  sup- 
ported by  leaf-like  to  linear  bracts;  pedunde  up 
to  12  cm  long,  silky  pilose  Flowers  bisexual, 
regular,  5-merous;  sepals  ovate-lanceolate,  c.  5 
mm  X  1  mm,  densely  reddish  hairy:  corolla 
fiinnel-shaped,  c.  1  cm  long,  blue  nliscurely 
lohed.  jjinbrous  but  with  .'i  hairy  bands;  sta- 
mens inserted  at  base  of  corolla  lube,  included; 
ovaiy  superior,  glabrous,  2-3-celled,  style  fili- 
form, c.  7  mm  long,  stigma  li-lnhcd  Fiiiir  a 
globose  capsule  c.  3.5  mm  in  diameter,  gla- 
brous, pale  yellow,  dehiscing  with  4  or  6  valves, 
4-6-seeded.  Seeds  ovoid,  c.  3  mm  long,  brown, 
scabrid. 

Jacqueiiioiitiu  comprises  about  120  species, 
most  of  them  restricted  to  tropical  America.  It 

seems  relnlr-.l  to  Cniwnh  ulu k  .mil  JJctiiltin 

Elcology  Jacquemontia  tamnifolia  is  found  m 
relatively  humid  locaticms  in  woodland,  edges  of 
thickets  and  grassland,  and  as  a  weed  on  culti- 
vated fields,  from  sea-level  up  to  1100  m  alti- 
tude. 

Genetic  resources  and  breeding  Jae- 

<jur!n<:ntia  tamnifolia  is  wideqtread  and  not  in 
danger  of  genetic  erosion. 

Prospects  Jacquemontia  tamnifoUa  will 
remain  a  minor  vegetable  of  local  importance 
only.  Its  nutritional,  medicinal  and  ornamental 
values  deserve  further  mvestigation. 

Major  references  Buridll,  H.M.,  1986; 
Deroin,  T  2001;  Ruffo,  C.K.,  Bimie,  A.  & 
Tbngnas,  B.,  2002. 

Other  references  Gonpalves,  ML.,  1987; 
Kokwaro.  J.O,  1993:  X'erdoourt,  B.,  1963. 

Authors  P.C.M.  Jans^ 


JvsnciA  FLAVA  (Vahl)  Vahl 

Protologne  Symb.  bot.  2:  15  (1791). 

Family  Acanthaceae 

Chromosome  number  2a  =  2*i 

Synonyms  Juslicia  sulcata  (Vahl)  Vahl 
(1791),  Adhaioda  flava  (Vahl)  Nees  (1847), 
Juatida  maveolena  (Nees)  Lindau  (1896). 
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Origin  and  geographic  distribution  Jusli' 
cia  flava  is  widespread  and  occurs  all  over 
tropical  Africa,  but  has  not  Vjeen  reported  from 
the  Indian  <^)ro:in  Islands;  it  is  also  found  in  the 
Arabian  penmsula. 

Uses  In  Giiinea  the  leaves  of  JusHeia  flava 
are  used  as  a  vegetable  collected  from  the  wild. 
They  are  cooked  into  soup  or  stew  The  plant  is 
also  considered  as  a  good  fora^,'!-.  In  Kenya  the 
plant  contributes  to  sand-binding  vegetal  ion  in 
coastal  dunes  and  sandy  ri\(  r  banks  and 
leaves  are  burnt  to  ash  to  produce  a  vegetable 
salt.  In  Tanzania  the  leaves  are  reported  to  be 
emetic,  in  ("ote  d'lvoire  haemostatic.  Prepara- 
tions are  used  on  cuts  and  to  treat  monor- 
rhagia, and  blood  in  the  sputum.  The  whole 
crushed  plant,  mixed  with  vegetable  ash,  seed 
lA'  Af'niinoinuin  species  and  capsicum  pepper  is 
administered  by  enema  agauisl  painful  men> 
ses,  or,  mixed  with  lemon  juice,  taken  to  induce 
menstruation.  In  T'otp  d'Tvoiro  thr-  pnlpcd 
leaves  are  rubbed  on  the  skin  to  treat  convul- 
sions and  feverish  pains  in  babies.  In  Ghana 
the  plant  is  used  internally  and  externally 
against  fever,  yaws  and  diarrhoea  in  children. 
The  inflorescence  is  said  to  be  a  cure  for  dysen- 
tery. An  infusion  of  the  plant  is  taken  with  egg 
albumen  and  c-oconut  juice  against  pnljiitntions 
of  the  heart  and  leaf  sap  is  used  as  an  eye  lo- 
tion. In  Tanzania  leaf  sap  is  taken  against 
hookworm  and  to  treat  hydrocele,  including 
bathing  the  affected  parts  The  bitter  root  is 
chewed  by  the  Masai  to  cure  diarrhoea  and 
coughs. 

Properties  The  composition  of  fresh  ■Jti.<<ti- 
cia  leaves  per  lOU  g  edible  portion  is:  water 
86.8  g,  energy  138  kJ  (33  keal).  protein  3.3  g, 
fat  0.4  g,  carbohydrate  0.2  g.  filii  c  17  g,  Ca  510 
mg,  P  70  mg  (Tx^ung  W.-T.W  .  Husson  F.  & 
Jardin,  C,  I'JOSJ.  Four  steixjls  and  salicylic 
add  were  isolated  from  ttie  leaves,  stems  and 
roots  of  Ju.th'cia  Paia.  In  addition  the  leaves 
contain  the  3  lignans  hehoxanthin,  (+)- 
isolaridresinol  and  justicinol,  as  well  as  doco- 
sanoic  add  and  p-sitiisteiol-p-D-glucoside,  The 
lignans  were  screened  for  pharmacological  ac- 
tivity in  mice,  but  only  a  mild  effect  on  the  cen- 
tral nervous  qrstem,  demmistrated  by  decrease 
in  motor  activity  and  nt;i\iri  was  observed. 

Botany  Erect  or  trailmg,  usually'  perennial 
heib  up  to  120  cm  tall,  pubescent;  stem  often 
woody  at  base  Loaves  opposite,  simple;  petiole 
up  to  1.5  cm  long:  blade  ovate-lanceolnte,  up  to 
8  cm  X  3  cm.  Inflorescence  a  dense  terminal 
spike  up  to  20  cm  long,  continuous  or  inters 
rupted  in  the  basal  part;  bracts  linear- 


lanceolate.  Flowers  bisexual,  c.  1  cm  long, 
bright  yellow:  sepals  5.  c,  3  mm  long,  white 
hain,':  corolla  tubular,  2-lipped,  lower  lip  2- 
lobed  ujiper  lip  ;Vl(thed;  stamens  2  filaments 
glabrous,  one  anther  cell  below  the  other, 
tailed;  ovary  superior,  2-celled,  subglabrous, 
style  hairv  below,  ending  in  2  short  stigma 
branches.  Fruit  a  4-seeded  capsule  c.  8  mm 
long,  densely  hairy,  splitting  in  2  halves,  but 
remaining  connected  at  base.  Seeds  com- 
pressed globose,  brown  to  black. 
Justicia  is  a  large  genus  comprising  300-600 
spedes.  Its  taxonomy  is  badly  known  and  opin- 
ions  differ  about  its  delimitalion  because  dif- 
ferences between  related  genera  are  hardly 
distinctive.  Numerous  spedes  can  be  found  in 
the  literature  referred  to  by  a  variety  of  names 
within  the  genera  Aillidlnila  Dm  rntoia,  Gen- 
daiussu,  Justiciu,  Ruslellaria  and  RiuiffXl.  A 
complete  revision  of  all  related  genera  is  ur- 
gently needed,  -fiisliria  Pava  is  classified  in  the 
section  Tylogloaaa,  characterized  by  spike-like 
inflorescences  and  ammonite-like  or  rugose 
seeds,  and  by  its  pollen  type. 
The  flowers  of  ■Jiistiriu  Pava  are  much  visited 
by  bees  and  other  insects. 
Ecology  Justicia  flava  grows  in  open  habi- 

tats,  with  a  wide  ecologic.al  range  fi'om  sea- 
level  up  to  2300  m  altitude.  In  dry  regions  it 
can  grow  as  an  annual  with  smaller  flowers. 

Management  'Iiiaticia  Pava  is  not  culti- 
vated but  collerted  from  the  wild.  In  'Uiinen  it 
IS  not  removed  as  a  weed  when  occurring  in 
cultivated  fields,  but  allowed  to  grow  to  collect 

its  leaves  fel-  \  e'^'et  ;il  .|i  •  us.- 

Genetic  resources  and  breeding  Juslicia 
flava  is  widespread  and  not  in  danger  of  ge- 
net ie  erosion. 

Prospects  -lustirta  Pava  will  remain  a  vege- 
table of  minor  and  local  importance  only.  Its 
nutritional  and  medicinal  properties  need  more 
investigation  fe-  li  -'  'i\  or  potential  value. 

Migor  references  Burkill,  H.M.,  1985;  Bur- 
kill.  H.M..  2000;  Buridll,  I.H.  &  aarke.  C.B., 
1899-1900;  Busstm,  F.,  1965;  Kokwaro.  J.O., 
1993. 

Other  references  Graham,  \'.A.W.,  1988; 
Heine,  H.,  1963a;  Leung.  W.-T.W.,  Busson,  F. 
&  Jardin,  C  I'tns  OI,-,niyi  \  A  &  Powell 
J.W.,  1980;  Sangat-Roemantyo,  H.,  1999; 
Wood,  J.R.I.,  Hillooat,  D.  &  Brummitt,  R.K., 
1983. 

Authors  P.C.M.  Jansen 
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JUSTICIALADANOIDES  Lam. 

Protologue  Tabl  enpyd.  1(1):  42  (1791). 

Family  Acanthru-i-af 

Chromosome  number  2ii  =  lU 

Synonyms  Juttieia  aehimperi  (Hochst.) 
Dandy  (1966),  Justicia  insularia  auct.  non 
T.Ander8. 

Vernacular  names  Justicia,  tettu  (En,  Fr). 
Origin  and  geographic  distribution  •/i/.<i^i'- 

rid  ladiiiioiilt'.i  orrurs  wild  from  Smocnl  iind 
Gambia  east  to  Eriti-ea,  Ethiopia  and  Somalia, 
but  not  further  south  than  DR  Congo,  Kenya 
■  nil!  Uganda.  It  is  cultivntcd  in  home  gardens 
m  West  and  Central  Airica,  especially  in 
Guinea,  Sierra  Leone,  Ghana,  Togo,  Benin, 
Nigeria,  Cameroon  and  DK  Congo. 

Uses  In  tropiral  Africa,  the  tender  and 
slightly  sUray  leaves  and  shoots  ol'  Jusluiu 
ladanoides  are  an  appreciated  leafy  vegetable; 

they  are  also  rooked  info  soup  or  stew.  Tx'aves 
of  sweet  potato  are  sometimes  added  to  prepare 
soup,  and  in  western  Cameroon  Justicia  lada- 
noides  leaves  an/  added  to  groundnut  soup. 
Oeeasinnall> .  Justicia  linhiiiuiilL's  is  also  used 
as  torage  and  planted  as  an  urnamenlal.  The 
leaves  are  used  for  the  treatment  of  wounds 

and  mi\<'d  with  oil  and  salt  they  are  eaten  to 
treat  cardiac  disorder.  In  Lihana  and  Togo,  a 
leaf  decoction  is  given  to  children  for  the 
treat  mt^nt  of  indigestion. 

Production  and  international  trade  -Jusli- 
cia  ladanoides  is  a  low  value  vegetable,  mar- 
keted in  village  markets  and  occasionally  in 
urban  markets.  There  is  no  international  trade 
and  there  are  no  production  data. 

Propertiea  Hie  oompositimi  of  fresh  Justi- 
cia leaves  per  100  g  edible  portion  is:  water 


Juatida  ladancidea  -  wUd  and  pkaUed 


Justicia  laduii  oidea  -  1,  pari  of  young  plant;  2, 

flowering  braneh;  3,  fmU. 

Redrawn  and  adapted  by  Aehmad  SaUri  Nur- 

haman 

86.8  g,  energy  l.^«  k-I  keal),  protein  ."i.H  g, 
fat  0. 1  g,  carbohydrate  (5.2  g.  fibre  1.7  g.  Ca  .510 
mg,  P  70  mg  (Leung,  VV.-T.VV.,  Busson,  F.  & 
Jardin,  C,  1968). 

Description  .\iuui.il  m  perennial  herb  up  to 
2  m  tall;  stem  angular,  glabrous  to  pubescent, 
basal  part  often  swollen  and  with  aerial  roots. 
Leaves  decussately  opposite,  simple,  almost 
glabrous  to  fiiMisoly  j)uljcsrent'  petiolo  up  to  f! 
cm  long;  blade  linear  or  narrowly  lanceolate  to 
ovate,  obovate  or  elliptical,  1-11  cm  x  0.5-6 

cm  I)j)se  atteniiafe  to  tnjneafe  apex  obtuse  to 
acummate,  margin  entire  to  crenate.  Inflores- 
cence an  axillary  or  terminal  congested  ^ike, 
few-flowered,  with  narrow  bracts.  Flowers  bi- 
s<'.Kual  sessile,  zygomorphie.  •'i-merous  usually 
cnaison,  sometimes  white;  calyx  up  to  1  cm 
long,  with  short  tube  and  longer  lobes;  corolla 
tubular  up  to  2Ji  cm  long.  2-lippe(i  Inwcr  lip 
longest  and  widest  and  3-lobed,  upper  li|>  nar- 
rower and  2-lobed;  stamens  2,  hidden  in  upper 
lip  of  c<  I  M  il  I  I  <ivary  superior,  2-celled,  style 
long  and  slendi-r.  stigma  with  2  unequal  Kilx  s. 
Fruit  an  ovoid  to  ellipsoid  capsule  c.  lU  mm  >-  3 
mm,  yellow4>rown  to  white,  explosively  dehis- 
cent, 4-fleeded.  Seeds  c.  2  mm  long,  tuberculate. 
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Seedling  with  epigeal  germination. 

Oilier  botanical  information  Jnsficia 
ladtawides  belongs  to  section  Uarniciin.  H  has 
been  confused  with  spocios  of  thi>  so-ciillcd  •///.<;- 
licia  slriala  complex.  Some  species  of  this  com- 
plex are  also  used  as  a  vegetable  in  a  similar 
way  to  ■hisliciii  hnhiiioidi's.  An  example  is  Jus- 
licia  hetei-ocarpa  T.Anders.;  in  Tanzania,  its 
leaves  are  cooked  alone  or  with  other  vegeta* 
bles  and  servod  with  jHiundt-d  ;L^roundnuts  or 
coconut  mills  The  -Jiisticia  striata  complex 
comprises  many  taxa,  which  are  clearly  differ- 
ent in  some  regions,  but  in  other  regions  the 
differi-nci's  become  more  vnsue  because  t)f  in- 
termediates. This  has  resulted  in  oonilicting 
tazMiomic  treatments  varying  from  the  aeoep* 
tanoe  of  only  a  single  variable  species  within 
the  complex  to  the  distinction  of  10  species. 
Justuia  ludanoides  differs  from  the  Jualicia 
striata  complex  in  its  pollination  system. 

Growth  and  development  The  vrpotntivc 
growth  of  Jualicia  ladanoidea  is  slow;  it  takes 
several  weeks  after  sowing  to  cover  the  soil. 
Flowering  occurs  at  the  end  nf  the  rainy  season 
mu\  the  beginning  of  the  dry  season.  The  pro- 
duction of  shoots  IS  concentrated  at  the  base  of 
the  plant  10-15  cm  above  the  soil  surface  and 
shoot  production  c-ontinuos  nflcr  flowering.  In 
Jualicia  ladanoidea  the  stigma  is  receptive  at 
the  same  time  as  the  anthers  are  mature.  The 
style  exceeds  the  anthtMs  nnd  one  of  the 
stigma  lobps  gradu.dly  bemis  down,  coming 
very  close  to  the  anthers  after  some  days, 
thereby  gradually  increasing  the  dianoe  of  self- 
pollination.  The  flowers  of  the  Jiisticia  .strinlii 
complex  are  protandrous.  When  the  female 
phase  begins,  the  stamoas  bend  away  from  the 
upper  lip  theieby  exposing  the  style.  Pollina- 
tion is  effected  by  in  sect  s 

Ecology  Jualicia  ladaiiuides  occurs  in  a 
wide  range  of  habitats,  from  sea-level  up  to 
2600  m  altitude,  nnd  from  moist  i  riinforrst  to 
dry  savanna  regions.  It  is  also  found  ui  waste 
and  cultivated  land,  refuse  heaps,  grassland 
and  forest  edges,  It  can  be  found  on  sandy  and 
loamy  soils,  but  requires  rich  humus  sod  an<l 
slight  shade  for  optimum  growth.  It  thrives 
with  annual  rainfall  ranging  from  1000-2000 
mm,  day  temperatures  of  25-d5''C  and  night 
temperatures  of  20-27*C;  it  does  not  tolerate 
low  temperatures. 

Propa^tiou  and  planting  Just  id  a  lada- 
ntddps  can  be  propagated  by  seed  and  by  cut- 
tings. The  seed  remains  dormant  during  the 
diy  season  and  germinates  readily  with  the 
onset  of  raina.  The  number  of  aeeda/g  is  about 


480.  Seed  production  is  difficult  becnuso  the 
seeds  are  scattered  when  the  fruits  spin  open. 
The  fruits  can  be  gathered  immediately  when 
the  enlnur  chnngos  from  green  to  white,  or 
whole  branches  with  mfructescences  are  har- 
vested and  dried.  The  seed  may  be  drilled  in 
rows  spaced  at  40-'iO  cm  Yoinig  .'^ei'dlings  are 
thinned,  allowing  30-4t)  cm  between  plants  in 
the  rows.  In  cultivation  it  is  easiest  to  take 
rooted  cuttings  obtained  friin  ih  I  ,i  ,1  parts  of 

the  stem  Spontnnrous  seedimgs  e.iii  lie  up- 
rooted and  transplanted  on  vegetable  beds. 
Stem  cuttings  about  15  cm  long  can  also  be 
planted  .30-40  cm  apart.  Planting  on  well- 
prepared,  raised  vegetable  beds  is  required  for 
good  vegetative  growth. 

Management  Weeding  is  needed  2-3  times 
per  growth  cycle  Organic  manure  and  fertil- 
izer (e.g.  NPK  10—10—20)  are  beneficial  for  good 
vegetative  growth.  Irrigation  1—2  times  per 
V,    I:  i-;  desii-.ible  dui'ing  the  dry  season. 

Diseases  and  pests  As  a  weedy  and  sel- 
domly  cultivated  plant,  the  disease  and  pest 
problems  in  Jvsticia  ladaituides  are  not  promi- 
nent. Light  attack  of  flea  beetles  may  occur  but 
the  plant  is  reported  to  be  tolerant  to  Zunoce- 
ru»  variegatus  attadc.  CoUetotriehum  fitngi 

may  attack  full-grown  plants  causing  dark 
coloration,  shrivelling  and  willmg  of  the  root 
collar. 

Ebirvesting  Young  plants  of  Juslicia  lada- 
nnides  can  be  han"est<'il  by  uprooting  when  3— .5 
weeks  old,  but  the  mam  harvest  is  by  cuitmg. 
The  first  cutting  is  at  a  height  5-6  cm  above 
the  ground  when  the  plant  lieight  is  20-2")  ctn. 
or  6—7  weeks  after  planting  from  seed  or  cut- 
ting. Repeated  cuttings  promote  rapid  produc- 
tion of  shoots.  Harvesting  can  be  carried  out  at 
10-day  inter\''als,  preferably  in  the  morning  or 
late  afternoon  to  maintain  a  fresh  and  attrac- 
tive vegetable  for  mariceting. 

Yield  .\  yield  of  fresh  ■Jiisfiria  hidauoidcs 
leaves  of  up  to  20  kg  per  10  m-  bed  may  be  ob- 
tained from  repeated  harvests  over  a  4-month 
period. 

Handling  after  harvest  The  leaves  and 
lender  shoots  are  tied  into  bundles  of  0.3—0.4 
kg  eadi.  Roots  of  uprooted  young  seedlings  are 

washed  before  those  are  parked  for  the  market. 
Water  is  sprinkled  at  regular  mtervals  on  the 
vegetable  to  maintain  a  fresh  appearance  for 
marketing. 

Genetic  resources  There  is  wide  variation 
within  Jualicia  ladanoidea,  even  withm  local 
types.  Improved  cultivars  are  not  available  and 
there  are  no  germplaam  collections.  There  is  no 
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immediate  threat  of  tjenctic  erosion  of  the  ex- 
isting variation.  Collection  and  maintenance  of 
the  gerraplasm  is  required  for  g^ietic  studies 
and  select iitn  <if  improved  cuItivMrs. 

Prospects  Juaticia  ladaitoides  has  no  im- 
mediate potential  of  high  oommerdal  value  like 
amnranth  celDnia  and  jews  mallow.  As  a 
shade-tolerant  plant,  it  has  yood  potential  for 
production  under  the  low  light  intensity  condi- 
tions of  .Xfncnn  home  and  ha<k\  Mn]  <^ar(len8. 
The  nhiliiy  of  the  jilnnt  to  produce  lcav<'s  from 
the  ramy  season  until  well  into  the  dr>'  season 
makes  it  a  good  source  of  a  regular  supply  of 
vegetables  for  the  family  Its  potential  use  as  a 
dr>'  season  vegetable  should  also  be  investi- 
gated. 

Major  references  Burkdl  II.M,,  1986; 
Iledren.  M..  1989;  Morton,  J.K.,  1978;  van 
Epenhuijsen,  C.VV.,  1974. 

Other    refSerenees    Gbile,    Z.O.,  1984; 

Hedren  \f..  I'MM)  I.pun<i  W.-TAV.,  P.usson  F 
&  Jardin,  C,  1968;  Martm,  F.VV.  &  Ruberte, 
R.M.,  1975:  Rehm,  S.  &  EspiR,  G.,  1991:  Ruffo, 
CM..  Birnie.  A.  &  Tenj-nas  11  2002;  Stevels. 
J.M.C.,  1990;  Terra.  G.J. A.,  1973;  van  der  Zon, 
A.P.M.  &  Grubben,  G.J.I  I..  1976. 

Sources  of  illnstnitlou  Hedr6n,  M.,  1989; 
van  Ei.rnhuiisen  C.W.,  1974. 
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Kedrostis  leloja  (Forssk.  ex  J.F.Gmel.) 

CJellrey 

Protologue  Iv  w  Pull  1  o:  364  (1962). 

Family  Cucurbitaceae 

Synonyms  Kedrostis  hirlella  (Naudin)  Cogn. 

(ISHl). 

Origin  and  geographic  distribution  Ki'dros- 
Ua  leloja  occurs  throughout  tropical  Ai'rica, 
from  l^^l  east  to  Ethiopia  and  Somalia, 
and  $:nuth  to  South  Africa;  it  is  also  found  in 

Yemen. 

Uses  In  Tanzania  the  leaves  of  Kedrostis 

leloja  are  eaten  as  a  vegetable.  They  are 
chopped  and  i  nok(  d.  and  coconut  milk  or 
pounded  groundnuts  are  added.  The  npe  lleshy 
fruits  are  eaten  raw,  especially  by  diildren. 
The  plant  is  used  for  fodder. 

Botany  Perennial,  monoecioue  scandent 
heib,  with  tuberous  rootstodc;  stem  up  to  2  m 
long,  with  bristly  hairs;  tendrils  simple,  some- 
times bifid.  Leaves  alternate,  simple;  petiole  2- 
11  cm  long;  blade  broadly  ovate  m  outlme,  up 
to  10.5  cm  X  13  cm,  usually  palmately  3-5- 
lobed,  cordate  at  base,  lobes  obovate  to  triangu- 


Inr  or  elliptical.  Flowers  unisexual,  regular,  5- 
merous;  male  flowers  in  pedunculate  racemes, 
up  to  30-flowered,  pedicel  u|)  to  1 1  mm  long, 
reoeptacli'  c  '1  mm  long.  sepaN  lam  ri)lMte.  up 
to  5  mm  long,  petals  3.5-5  mm  long,  yellowish 
or  greeni^,  stamens  5;  female  flowers  solitary, 
shortly  iicdicellate  civ.iry  inferior,  shortly 
hair^'.  Fruit  a  conical  to  fusiform  capsule  5-7.6 
cm  X  2  cm,  more  or  less  truncate  at  base,  or^ 
ange  to  scarlet  when  mature,  dehiscing  longi- 
til  din. ally.  Seeds  subglobose,  up  to  6  mm  long, 
smooth. 

Kedrostis  is  placed  in  the  tribe  Melothrieae  and 

is  related  to  Corallocarpus  The  name  Kedioa- 
tis  leloja  has  been  frequently  misapphed  to 
Kadmstis  tAdedlai  AZiwim.,  a  doaely  related 
species  known  from  Somalia,  Kenya  and  Tan- 
zania. It  is  ver\'  possible  that  the  uses  recorded 
refer  to  the  latter  or  both  species.  Kedruslis 
(AdalltU  differs  in  its  sparsely  haiiy  stems, 

fruits  tapered  towards  the  base  and  shorter 
(1.5-3  mm)  petals  in  male  flowers. 

Eicology  Kedrostis  leloja  occurs  in  deciduous 
\\ oodlandandbushland,  up  to  1650  m  altitude. 

Management  Leaves  and  fruits  o{  Kediosiia 
leloja  are  exclusively  collected  from  the  wild, 
but  it  can  be  easily  propagated  by  seed.  It  is 

locally  censidrri  il  a  w  ri-d  .: if  .n-.ibic  land. 

Genetic  resources  and  breeding  Kedros- 
tis kloja  is  widely  distributed  and  not  in  dan- 
ger of  genet  ic  erosion. 

Prospectf!  The  use  of  Kpdrnsfi.'i  Irlnja  is  very 
localized  and  is  likely  to  continue  to  be  re- 
stricted. Research  on  its  phytochemistry  and 
nutrition  il    jIuc  are  desirable, 

Major  references  Berhaut,  J.,  1975a;  Jef- 
frey, C,  1995;  Jeffrey,  C.  &  Thulin,  M.,  1993; 
Ruffo.  C.K.,  Birnie.  A.  &  Tengnas,  B.,  2002. 

Other  references  Jeffrey,  C,  1967. 

Authors  C.H.  Bosch 


KliUKOaTlS  I'SEUDOGIJEF  ((Jilg)  C.JelTrey 

Protologue  I^ew  Bull.  15:  365  (1962). 
Family  Cucurbitaceae 

Origin  and  geographic  distribution 
Kedrostis  pseudogijef  is  restricted  to  Ethiopia, 

Kenya  and  northern  Tanzania- 
Uses  In  Kenya  the  leaves  and  young  shoots 
are  eaten  with  starchy  food.  In  Ethiopia  leaves 
are  1m. did  .md  rati-n  m  limes  of  food  scarcity. 
When  tVi  sh  the  leaves  have  an  unpleasant 
smell,  which  disappears  with  cooking. 

Botany  DioeciouB  liana  up  to  12  m  l<»ig; 
stem  up  to  10  cm  in  diameter,  with  grey  or 


LABLAB  343 


grej'ish  brown,  ridged  bark;  tendrils  snnplo. 
Leaves  alternate,  trifoliolate:  petiole  1-3  cm 
long:  leaflets  sessile,  unlobed  or  palmate^  3- 
lobed:  middle  li>;dlet  1  o-l  cm  x  0,5-3  cm,  ovate 
or  rhombic,  lateral  leaflets  similar  but  with 
asymmetric  base.  Infloresomce  a  fascicle  often 
borne  on  leMflcs-^  stems,  male  one  shortly  ra- 
cemose, many-flowered,  female  one  1-8- 
flowered.  Flowers  unisexual,  regular,  S-merous; 
male  flowt^rs  with  pedicel  -^-r)  mm  long,  reoepta- 
clo  1.5-2  mm  lonp,  sepals  trinnpular,  c  1  mm 
long,  petals  2-3  mm  x  1.2-2  mm,  greenish- 
yellow,  stamens  5;  female  flowers  with  pedicel 
1—3  mm  long,  ovan,'  inferior,  pyriform.  hispid, 
Fruit  a  pyriform-conical,  red  herty  1-1.6  cm  x  1 
cm.  Seeds  pyriform,  6  mm  x  3  mm,  smooth. 
Kedrostis  is  placed  in  the  tribe  Mdothrieae  and 
is  related  to  CuniUocarpits. 

Ecology  Kediuatia  pseudogijef  occurs  in  de- 
ciduous woodland  and  bushland  at  altitudes  of 
600-1800  m.  Il  isdroiipbt  Inlernnl 

Management  In  Kenya  Kedrostis  pseudogi- 
jef is  planted  around  houses  and  along  fences. 
Propagation  is  done  by  cuttings,  which  are 
planted  a1  the  ^\nt\  nftlif  r.uiis. 

Genetic  resources  aud  breeding  Kedroa- 
ti$  paeudogijef  is  limited  in  distribution,  but 

does  not  ajijiear  to  be  thrcritened.  So  far  no 
particular  interest  has  been  taken  m  ihe  q>e- 
cies  and  no  germplasm  collections  are  known. 

Proapeots  KedroUia  pgaidogijef  is  of  inter- 
est ,ns  a  home-garden  crop  for  dry  areas  and  as 
such  deserves  research  interest. 

Major  references  JeBtey,  C,  1995;  Schqt- 
pers,  R.R..  2000;  Zemede  Asfaw  &  Mesfin 
Tadesse,  2001. 

Odier  refiereiioea  Jeffirey,  C,  1967. 

Authore  C.H.  Bosch 

Lablab  purpubeus  (L.)  Sweet 

Protologue  Hort.  bnt.,  ed.  1,  2:  181  (1826). 

Family  I'apilionaoeae  (Leguminosae  -  Papiho- 
noideae,  Fabaoeae) 

Chromosome  niunber  2n  =  22  21 

Synonyms  UuUclios  lablub  L.  (173ii),  Lablab 
nigar  Medik.  (1787),  Lablab  vulgaris  (L.)  Savi 
(1824) 

Vernacular  names  Lablab,  lablab  bean, 
hyacinth  bean,  bonavist  bean,  Indian  butter 
bean,  Eg}i)tian  bean  (En).  Lablab,  pais  bou- 

cousRou,  dolique  d'Egjpte,  pois  antnqur  (Fr). 
Labe-labe,  feijao  cutelinho,  feijao  padre,  feijao 
da  India,  cumandatia  (Po).  Mfiwi  mafuta 
(Sw). 


Lablah  purpureut  -  imld  mid  planted 

Qrlgfai  and  geograpbie  distribution  Lablab 

ornirs  wild  in  tropical  .\fi-ic.)  (including  Mada- 
gascar) and  India.  Opinions  on  the  region  of 
first  domestication  vaiy.  It  is  often  stated  that 
it  originates  as  a  crop  from  India  or  south- 
eastern Asia,  but  a  north-eastern  African  ori- 
gin IS  more  likely  because  in  large  parts  of 
tropical  Africa  wild  and  cultivated  lablab  coex- 
ist. In  .Africa  it  was  dispersed  by  man  probably 
as  early  as  800  B.C.  and  it  is  now  found 
throughout  the  continent.  It  is  locally  culti- 
vated in  most  tropicfll  areas  of  South  and  Cen- 
tral America,  South  and  South  East  Asia  and 
AustraUa. 

Uses  The  most  popular  use  of  lablab  in 

tropical  Africa  e.g  in  West  Africa.  Kthiopia 
and  Malawi,  is  as  a  vegetable.  The  young  green 
pods  and  immature  seeds  are  eaten  boiled. 
Locally,  the  young  leaves  are  use*!  as  a  leafy 
vetjetable.  Elsewhere  e.p  in  northern  Nigeria 
and  Kenya  ,  the  diy  seeds  are  eaten  as  a  pulse 
although  they  require  proknged  cooking  with 
several  changes  nf  water  Tn  Madagascar  and 
Mauritius  lablab  is  grown  on  a  small  scale  for 
both  the  green  and  dry  seeds.  In  EtUopia  lab- 
lab is  grown  locally  as  field  crop  for  the  dry 
seed.  In  East  Africa  the  ripe  seeds  are  appreci- 
ated by  the  Indian  c-omraunily,  because  it  is 
popular  as  pulse  in  India. 

Th<'  whnlo  [ilanf  is  used  as  a  fodder  for  cattle, 
either  green  or  as  hay  or  silage.  The  stems  are 
stronger  and  more  fibrous  than  the  similar 
oowpea.  and  animals  tend  to  eat  the  leaves 
only  and  leave  the  stems.  As  an  annual  or 
short-lived  perennial  fodder  crop  it  is  grown  in 
AustraUa  on  a  large  scale.  In  Africa  it  has  been 
grown  for  the  same  purpose  by  large-scale 


344  VEGETABLES 


farmers  in  Kenya  and  Zimbabwe,  where  lab- 
lab  hay  is  fed  to  animals  to  supplement  poor 
quality  stover  and  hay.  The  dry  seeds  are  also 
used  as  fodder,  but  their  atceptabihty  is  low. 
in  the  1920s,  lablab  was  promoted  m  the 
Gezira  scheme  (Sudan)  as  a  dual-purpose 
crop:  fodder  for  livestock  and  seed  £br  human 
consumption. 

In  East  Africa  the  leaves  are  crushed  and 
sni£fed  to  cure  headache.  They  ar<  us«  d  ns 

emmenagopuo  and  to  accelerate  childbirth  and 
to  treat  stomach  troubles.  Green  leaves 
crudied  in  vinegar  have  been  used  to  treat 
snakebites.  In  Rwanda  the  leaves  are  taken  in 
a  decoction  of  a  mixture  with  leaves  of  other 
plants  m  case  of  heart  problems.  In  DR  Congo 
the  leaves  are  made  into  an  infusion  which  is 
drunk  to  cure  tonsdlitis.  In  SencyMl  the  seed  is 
given  as  a  stomachic  and  antispasmodic  and 
has  been  used  in  the  treatment  of  cholera  and 

sunstroke.  Tn  Tndin  Inhlnb  i-;  considered  ;i 
strong  antihj'pertensive,  antuholesterolemic, 
antispasmodic,  digestive,  hypoglycaemic  and  is 
also  used  as  a  cure  for  diabetes,  alcohol  intoxi- 
cation and  ear  inflammation.  In  South-East 
Asia  the  leaf  has  been  used  m  the  treatment  of 
eczema,  gonorrhoea  and  tumours.  In  Kenya  the 

seeds  (-ilhcr  baked  or  heated  are  u.*;ed  as  a  vei- 
ermary  drug  to  treat  eye  problems  m  sheep 
and  lung  problems  in  cattle,  goats  and  sheep. 
Lablab  is  wide]\  grown  for  soil  improvement 
and  in  soil  and  water  conservation  pro- 
grammes, but  these  uses  seem  rare  in  tropical 
Africa.  Because  of  the  ease  with  which  various 
-^♦r.iins  of  the  plimf  iidapt  to  different  environ- 
ments, the  International  Institute  of  Tropical 
Agriculture  (TIT A)  has  promoted  the  introduc- 
tion of  Lohlah  purpureas  as  cover  crop  in  plan- 
tations in  the  humid  savnnnn  areas  fif  Nipr?-ia 
It  makes  a  good  cover  crop  in  perennial  crops 
such  as  coffee  and  coconut.  In  Australia  it  is 
used  ns  n  preen  manure. 

In  Zanzibar  a  green  dye  was  obtamed  from 
pounded  leaves;  in  the  United  States  it  is  occa- 
sionally grown  as  an  ornamental. 

Production  and  international  trade  In 
tropical  .Africa  lablab  is  widespread  but  less 
popular  than  some  other  leguminous  vegeta- 
bles and  pul.sos  .such  ns  cnwpcn  (Vi^tin  titiffiii- 
culata  (L.)  Walp.)  or  bean  {Phaseolus  vulgaris 
L.).  The  seeds  and  pods  are  offered  at  many 
local  marisets^  but  there  an-  no  statistical  data 
availnhjr  on  production  or  trade 

Properties  The  nutritional  composition  of 
immature  lablab  seeds  per  100  g  edible  portion 
(refuse  7%)  is:  water  87.9  g,  energy  193  kJ  (46 


kcal),  protein  2. 1  g,  fnt  0.2  g,  carbohydrate  ii.2 
g,  Ca  50  mg,  Mg  10  mg,  P  19  mg,  Fe  0.7  mg,  Zn 
0.4  mg,  vitamin  A  109  IL',  thiamin  0.08  mg, 
riboflavin  0.09  mg.  niacin  t)  ."2  niy.  folate  iy2  (.ig, 
ascorbic  acid  13  mg.  The  nutritional  composi- 
tion of  mature  lablab  seeds  per  100  g  edible 
portion  (refuse  0%)  is:  water  9.4  g.  ener^'v  I  I  10 
kJ  (344  kcal),  protein  23.9  g,  fat  1.7  g.  carbohy- 
drate 60.8  g,  Ca  130  mg.  Mg  283  mg.  P  372  mg, 
F(>  5.1  mt;.  Zn  U.'.'i  mg.  viljimin  .A  0  lU,  thiamin 
11  me  rihoflmin  D  1.1  ni<:.  ni.icin  l.t)  mg,  folate 
23  ng,  ascorbic  acid  0  mg  (L  SDA,  2002).  The 
fresh  pods  of  lablab  contain  per  100  g  edible 
portion:  water  87  g,  energy  193  kJ  (46  kcal). 
protein  2.9  g,  flat  0.45  g,  carbohydrate  2.9  g.  fibre 
1.5  g,  Ca  0.6  mg,  Mg  37  mg,  P  59  mg,  Fe  1.2  mg, 
vitamin  A  210  mg,  thiamin  0.9  mg,  riboflavin 
0.08  mg.  niacin  O.G  mt;  as<'orbic  acid  1 1  mg 
(Rubatzky,  V.E.  &  Yamaguchi,  M.,  1997). 
The  dry  seeds  have  a  high  content  of  toxic 

i-ynnopenic  glucosides  nnd  tryjisine.  Those  toxic 
compounds  are  broken  down  by  heat.  The  con- 
tent of  crude  protein  in  the  dry  matter  of  the 
whole  plant  and  in  the  leax  i  s  is  I0-22M  and 
14. 5-38. .5%.  respectively.  As  the  lower  values 
refer  to  aged  plant  material  this  is  a  clear  mdi- 
cation  that  lablab  can  provide  a  valuable  addi- 
tion  to  a  protein -poor  diet  of  cattle.  The  leaves 
are  free  of  tannms. 

The  seeds  contain  the  flavonoids  kievitone  and 
genistein,  whidi  play  a  role  in  the  prevention 

and  treatment  of  some  forms  of  cancer.  Gen- 
istein (4',5',7-trihydroxyisoflavone)  mhibits 
capillary  proliferation  in  tumours;  it  also  plajrs 
a  rnlr  \n  the  relief  of  menojtause  symptoms  by 
bmdmg  to  the  same  rer(>pinrs  as  human  oes- 
trogen. In  the  plant  the  i>hyioalexin  kievitone 
(2',4',5,7-tetrahydroxy-8-isopentenylisoflavano- 
ne)  has  been  shown  to  provide  protection 
agamst  fungal  attack,  e.g.  by  Aphauomyces 
root  rot.  Antinutritional  footers  such  as  hae- 
mapgluf inins,  tannins,  phytntc  nnd  trypsin 
inhibitors  have  been  reported  for  the  seed.  The 
crushed  seed  appears  not  very  palatable  to 
livestock,  possibly  due  to  the  presence  of  cyano- 
genic  glucosides.  Tyrosinase,  found  in  the 
seeds,  lowers  blood  pressure.  In  seed  of  wild 
lablab  high  levels  of  chemicals  sudi  as  vidlins, 
«-nmylnse  inhibitors  nnd  lectins  have  been 
found  in  quantities  that  may  impart  resistance 
to  the  bruchid  Calhsobruehua  maciUatua. 

Adulterations  and  substitutes  Hie  pods 
and  immature  .seeds  of  Lablab  purpitrpus  in 
dishes  can  be  replaced  by  several  other  legu- 
minous vegetables^  e.g.  Phcueobu  vulgaria  L., 
Viffia  unguieulata  (L.)  Walp.  and  Pimm  saii- 
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vuin  L.,  all  considered  more  palatable  than 
lablab.  Drj-  lablnb  seeds  used  as  pulses  can  be 
replaced  by  many  pulse  species. 

Deacription  Climbing  or  bushy  [loronni;!] 
heib,  often  grown  as  an  annual;  taproot  well 
developed,  with  many  lateral  roots;  stem  up  to 
6  m  long,  in  cultivated  plants  often  erect,  pu- 
bescent or  glabroua.  Leaves  alternate,  3- 
fbliolate;  stipules  ovate,  c.  6  mm  long,  reflexed, 
persistent;  petiole  1-18  cm  lont;  rnrhis  up  to 
4.5  cm  long;  stipols  lanceolate;  leaflets  ovate- 
tnangular,  up  to  15  cm  x  11  cm,  apex  acumi- 
nate, entire,  pubescent  to  glabrous.  Inflores- 
cence an  axillarj'.  many-flowered  false  raceme: 
peduncle  2-40  cm  long,  rachia  up  to  25  cm 
long;  bracts  ovate-lanceolate,  c.  4  mm  lung, 
deciduous.  Flowers  bisexual,  papilionaceous; 
pedicfl  <hnrt;  calyx  with  tube  3—4  mm  long,  2- 
lipped,  upper  2  lobes  joined,  lower  li  lobes  up  to 
4  mm  long;  corolla  white  to  deep  purple,  stan- 
dard up  to  1.5  cm  Innp  krd  beaked;  stamens 
10,  9  fused  and  1  fi'ee;  ovarj-  superior,  c.  1  cm 
long,  1-celled,  style  laterally  flattened,  abruptly 
upturned,  stigma  headlike.  Fruit  an  oblong- 
lalcjite  to  oblong-linear  pod  4-15  cm  x  1-1  cm 
usually  compressed,  2— G-seeded.  Seeds  ovoid  to 
oblong,  compressed,  white  or  red  to  black;  hi- 
lum  linear;  aril  whitidi.  Seedling  with  ^igeal 
germination. 


Lablab  purpuivus  -  1,  bmnch  u  illi  flowers  and 
ycamg  fruits;  2,  fruit*;  3,  seed. 
Source:  PROSEA 


Other  botanical  information  Lablab  com- 
prises a  single  species  and  is  closely  related  to 
Doliehos,  whidi  has  a  more  or  less  rounded 
style  in  rross  section  a  gradu;illy  curved  keel 
and  short  seed  hilum.  Three  subspecies  of  Lab- 
lab purpureas  have  been  described.  Subsp. 
uncinatus  Verde,  cxjmprises  wild  plants  occa- 
sionally cultivated  in  East  Africa  and  then  of 
clearly  local  origin;  it  has  comparatively  small 
fruits,  c.  4  cm  X  1.5  cm.  Subsp.  hengalenais 
(Jarq.)  Verde,  is  a  short -li\(  d,  perennial  twin- 
ing herb  grown  as  an  annual  in  cultivation;  it 
has  distinctive  tender  fruits  up  to  15  cm  x  2.5 
cm  and  is  common  throughout  the  tropi(  ;d  and 
subtropical  region^  '>r  AMca,  Asia  and  the 
Americas.  Subsp.  fnnjmttus  ia  a  long-lived, 
aemi-en  ( t  Imshy  perennial,  but  usually  grown 
as  annual,  showing  little  or  no  tendency  to 
climb;  the  fruits  are  relatively  short,  up  to  10 
cm  X  4  cm,  and  the  plant  is  flushed  with  purple 
in  all  its  parts  and  has  a  peniliar  sti-nng  un- 
pleasant smell;  it  is  grown  in  Asia  as  a  field 
crop  for  the  ripe  seeds  and  fodder. 

Growth  and  development  Short-day  culti- 
vars  of  lablab  start  flowering  as  early  as  42 
days  after  sowing  depending  on  sowing  date. 
Flowers  are  mainly  cross-pollinated,  but  the 

degree  of  sc-lf-pollinnl  ion  is  considr-rnblc.  Im- 
proved cultivars  start  fruitmg  60-65  days  after 
sowing  and  continue  for  90-120  days.  Mature 
seeds  are  harvested  160-210('^0)  days  after 
sowing  depending  on  cultivar  and  time  of  sow- 
ing. Seeds  shatter  easily.  In  cooler  climates  the 
plant  dies  at  the  end  of  the  growing  season,  but 
in  the  tropics  perainial  types  may  persist  for 
2-3  years. 

Lablab  roots  easily  form  N-fixing  nodules  with 

lablab-  or  ii»wi)(>a-tyi)e  Rhizobium,  common  in 
tropical  .soils  woildwido  Nitrogen  fixation  of 
180—215  kg/ha  has  been  recorded  in  150  days 
in  Australia  and  107  days  in  Ethiopia.  In  India, 
inntn^lafinn  with  l^hizohiutii  is  advised  for  lo- 
calities where  lablab  has  not  been  grown  re- 
cently, but  in  Ethiopia  inoculatioa  did  not  in- 
crease tlif  ;iiiii>uii1  <if  nitrogen  fixed. 

Ecology  In  tin  wild  lablab  occurs  in  grass- 
land, bushland  and  gallerj'  forest,  up  to  2400  m 
altitude.  It  is  normally  a  short-day  plant,  but 
day-neutral  and  long-day  cultivars  exist,  Lab- 
lab prefers  lower  elevations  but  it  can  thrive 
well  up  to  2100  m  altitude.  The  temperature 
requirement  for  good  growth  ranges  in  mi  22— 
?>^''C.  Light  frost  damages  the  leaves  but  does 
not  kill  the  plants.  It  grows  ramfed  m  areas 
with  a  rainfall  of  750-2500  mm/year.  Once 
established  (2-3  months  after  sowing)  lablab  is 
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quite  drought  tolerant.  It  has  a  deep  root  ays- 
tem  penetrating  to  water  sources  more  than  2 
m  below  the  soil  surface  This  permits  lablab  to 
grow  luxuriously  into  tlu'  dry  season,  Labliib 
grows  in  a  variety  of  soils  ranging  from  deep 
sands  to  heavy  clays  and  from  acid  to  alkaline 
(pH  4.4-7.8)  as  well  as  in  aluminous  soil.  It 
does  not  tolerate  standmg  brackish  water  or 
waterlogging.  Provided  drainage  is  good,  lablab 
is  tolerant  of  poor  soil  texture. 

Propagntion  and  planting  Lnblah  is 
propagated  by  seed,  either  broadcast  or  sown 
in  rows.  Germinati(Hi  takes  about  5  dajrs.  Ger- 
mination  is  faster  when  seeds  are  soaked  in 
water  for  4  hours.  The  weight  of  1000  seeds  is 
260-500  g,  in  wild  plants  50-120  g.  Some  3-4 
seeds  per  hole  are  sown  on  flat  terrain  or  on 
ridges  at  a  depth  of  2-5  cm  and  at  a  spacing  of 
30—45  cm  between  holes  and  60—100  cm  be- 
tween rows.  The  seed  rate  required  is  30-60 
kp.'lin:  in  .\usfrnlin  1.5— :?0  kg/ha  is  rrrnm- 
mended.  WTien  grown  as  a  field  crop,  lablab 
can  be  established  by  broadcasting  into  roughly 
ploughed  land  if  the  seed  is  covered  to  some 
extent,  1  low cv t  r.  it  is  usually  sown  in  rows. 

Management  Ciimbmg  cullxvarii  and  wild 
types  are  widely  grown  along  fences  and 

lit'<lt;cs  or  supported  by  slicks  or  trellisos  of  2  m 
tall.  Bushy  culli\  ai-s  arc  rnmmonly  grown  as  a 
field  crop,  mostly  ini crd' n  d  with  a  Cereal, 
e.g.  sorghum,  millet  or  maize,  or  with  cotton  or 
castor.  It  may  bo  relay  planted  to  reduce  com- 
petition with  the  cereal.  It  is  also  grown  in 
rotatimi  with  sorghum  and  cotton  to  improve 

the  snil  fertility,  Lablnb  suppresses  weed 
growth  but  some  weedmg  durmg  the  early 
stages  of  growth  is  recommended.  In  India 
garden  OUltiVArs  are  well  fertilized  with  or- 
ganic manure  or  KPK  fertilizer.  In  field  culti- 
vation as  pulse  on  fertile  soils,  fertilizer  is 
rarely  applied,  but  wh«i  grown  on  po«x-  sandy 
soils  2oO-."inn  IcfT/Tin  supcrjihosphnte  and  some 
potash  is  advised.  Although  deep  rooted  and 
drou^t  resistant  when  wdl  establidied,  lablab 
as  a  garden  crop  needs  regular  irrigation  in  the 
dry  season 

In  Australia  lablab  grown  as  an  annual  fodder 
crop  can  be  grazed  when  it  has  formed  a  full 
canopy  and  reached  a  hoipht  of  O  n  m  goncr- 
ally  8-12  weeks  after  germination,  it  can  be 
grazed  u()  to  3  times. 

Diseases  and  pAst  In  general^  lablab  suf- 
fers from  the  same  pests  and  diseases  as  cow- 
pea  but  it  IS  more  resistant.  Anthracnose  (Col- 
l^otriehum  Undemuthianum)  can  cause  seri- 
ous crop  losses;  graying  with  zineb  or  captan 


may  give  reasonable  control.  Leaf  spot  {CercO' 
spora  dolichi)  and  powderj'  mildew  (Leveillula 
taurica  var.  maeroapora)  may  also  be  trouble- 
some and  are  controlled  l>y  spraying  with  fun- 
gicides. Xanthoiiioitas  phajieoli  can  cause  se- 
vere defoliation  in  humid  weather.  Selemtium 
lolfsii  may  cause  rotting  of  the  stem  bases.  In 
Asia  several  pests  have  been  recorded  on  lab- 
lab: pod  boring  larvae  (e.g.  AdiMira  aikuisoiti) 
nrv  the  most  serious  p<'st,  which  can  be  mn- 
trolli'd  by  spraying  with  BuciUiis  thurii\!iifiisis 
prepai-ations;  m  addition,  army  worm  {Helio- 
thi»  armigera),  plume  moth  (Exeleutis  atomosa) 
and  s|iottcd  |iiidborer  (Mantca  testulfilis)  arc  of 
economic  importance.  Insect  infestation  during 
storage  may  be  caused  by  bruchid  beetles  (Coi- 
loaohnichua  spp.),  which  also  attack  the  crop  in 
the  field.  Harvesting  individual  pods  as  soon  as 
the  seed  is  ripe  reduces  bruchid  infestation. 
Lablab  roots  are  attadced  by  several  nema- 
todes. There  is  lack  of  information  cm  diseases 
and  pests  of  lablab  in  Africa. 

Harvestiiig  Young  immature  pods  are 
picked  as  soon  as  they  have  reached  a  reason- 
able size,  at  intervals  of  .3-4  days.  In  many 
cultivars  puds  ripen  in  succession  on  the  stem. 
Harvesting  of  dry  seeds  may  start  12-16  weeks 
after  planting  in  early  cuKivnrs,  and  continue 
until  after  45  weeks  in  late  ones.  For  cultivars 
with  non-shattering  pods  collection  of  dry  pods 
can  be  done  after  drjing  on  mother  plant  s  but 
in  cultivars  with  shattering  pods  they  should 
be  collected  in  several  i"ounds  when  m  the 
green-ripe  stage  and  then  dried  on  a  platform. 
When  senescence  starts,  the  entire  plant  is 
sometimes  cut  close  to  the  ground  with  a  sickle 
and  left  to  dty  for  a  few  days  before  threshing. 
For  fodder  lablab  is  usually  harvested  at  flow- 
ering or  in  the  early  green  fruit  stage 

Yield  The  average  yield  of  green  pods  varies 
from  2600-6000  kg/ha,  while  the  average  yield 
of  seed  is  about  IRO  kg/ha  if  grown  as  an  inter- 
crop and  up  to  1500  kg/ha  in  sole  cropping.  In 
India  the  cultivar  'CSo.9'  jrields  on  average  7500 
kg/lia  of  immature  pods  in  120  days;  cultivar 
Iliudnvorth'  produces  over  \.h  t  dry  seed/ha  in 
commercial  exploitation,  but  in  trials  yields  of 
over  4  t/ha  have  been  recorded.  For  'Highworth' 

fodder  yields  of  2.5-40  t,Tia  with  a  total  dry 
matter  of  .")- 1 1  t/ha  have  been  recorded.  In 
Zimbabwe  production  of  forage  amounted  to 
over  9  t  of  dry  matter  per  ha  at  16  weeks  after 

sowing. 

Handling  after  harvest  Green  pods  are 
cleaned  and  graded  for  size,  before  being 
packed  in  baskets  for  the  market.  Storage  of 
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green  pods  at  2-4''C  and  a  relative  humidity  of 
85-90%  extend  the  shelf  life  to  a  maximum  of 
2 1  days,  and  of  shelled  fresh  seeds  of  up  to  7 
days.  In  South-Knst  Asia  mature  socils  arc 
stored  in  earthenware  or  metallic  contamers 
after  being  dried  and  cleaned,  and  they  are 
covered  with  a  n  cm  [iiotft  tivc  layer  of  sand. 
Reduction  of  the  moisture  content  to  below  10% 
is  effective  against  bmchid  infestation.  Seed 
stored  under  commercial  storage  conditions 
maintains  its  viability  for  3-4  years.  There  is 
evidence  that  white-seeded  cultivars  lose  their 
viability  faster  than  daxk-seeded  ones.  For 
animal  nutrition  lablab  can  be  stored  as  hay  or 
silage. 

Genette  resourees  More  than  250  lines, 

both  indigenous  and  exotic,  are  maintained  in 
India  at  the  University  of  Agricultural  Sci- 
ences, Bangalore  and  small  collections  at  Tamil 
Nadu  Agricultural  University,  Coimbatore  and 
nl  the  Indian  Institute  of  Hortirultiiral  Re- 
search, Bangalore.  The  National  Genebank  of 
Kenya,  Magugu  holds  over  340  accessions.  A 
germplasm  collection  is  maintainril  at  the  leg- 
ume unit  of  the  International  Institute  of 
Tropical  Agriculture  (IITA),  Ibadan,  Nigeria, 
for  evaluation  and  distribution  to  farmers  to  be 

used  as  n  ro\'er  ernp.  The  genetic  diversity  has 
been  studied  usmg  ONA  markers.  Genetic 
variation  in  cultivated  lablab  appeared  to  be 
small,  cultivars  from  India  being  the  most  di- 
vorpont  There  was  a  large  differenre  between 
cultivated  and  wild  genotypes.  Wild  plants 
from  Zambia  and  2Iimbabwe  were  closely  re- 
lated but  highly  divergent  from  plants  from 
Uganda.  Wild  material  from  West  Afru  a.  Na- 
mibia, Botswana  and  Madagascar  appears  to 
be  ladcing  in  collet  lions.  A  study  on  diversity 
in  morphological  charncteristics  in  arressions 
from  the  collections  of  CSIRO  (Australia)  and 
ILRI  (Ethiopia)  revealed  that  in  Ethiopia  culti- 
vntrd  lablab  is  veiy  similar  in  a  number  of 
characteristics  to  the  wild  African  plants  and 
different  from  the  cultivated  lablab  elsewhere. 
Based  nil  this  -itudy,  a  core  collection  of  47 
genotypes  has  lii  i'n  selected  for  breeding  pur- 
poses. In  Australia  and  New  Zealand,  only  fod- 
der types  are  maintained. 

Breeding  Selection  in  lablab  has  been  un- 
dertaken in  Mauritius  for  use  as  a  vegetable. 
Most  of  the  improvement  work  on  the  climbing 
vegetable  types  and  buahpulse  types  is  concen- 
trated in  India  where  severni  cultivars  (e.g. 
Co.y  and  Co.  12  )  have  been  released.  Desired 
qualities  in  improved  cultivars  are  short  dura- 
tion, daylength  neutrality,  uniform  maturity 


and  disease  resistance.  Elsewhere,  breeding  is 
mainly  targeted  at  use  as  a  fodder  crop.  Bushy, 
short-duration,  day-neutral,  disease-resistant 
cultivars  have  been  obtained  Cultivar  High- 
worth'  is  a  popular  pulse  and  forage  cultivar 
from  Queensland,  Australia.  It  is  quidc  matur- 
ing and  yields  well  in  widely  differing  envi- 
ronments; its  pods  are  non-shattering,  mature 
at  mudi  the  same  time,  and  grow  above  the 
foliage  at  the  top  of  the  stems  so  that  har\-<-sf- 
ing  is  made  easy  The  cultivars  Rongai'  and 
Highworth  are  selections  from  landrace  mate- 
rial and  have  been  widely  grown  in  the  tropics. 
The  landraci  fi  nm  which  Rongai"  was  selected 
is  late  flowermg  and  was  found  in  Rongai, 
Kenya  dose  to  the  equator.  After  'Rongai'  was 
imported  in  South  Africa  as  a  fodder  crop  for 
large  commercial  farms,  small-scale  farmers 
started  growing  it  as  well  for  use  as  a  vegetable 
and  pulse  crop.  These  farmers  made  further 

select  ions  based  on  seed  colour.  .\s  this  cultivar 
is  daylength  sensitive,  it  is  late  flowering,  leaf 
production  is  high  but  seed  production  is  late 
aiul  in  southern  Africa  threatened  by  early 
frost.  The  most  recently  released  cultivar  in 
Australia  Endurance'  is  a  result  of  crosses 
between  'Rongai'  and  a  perennial  wild  parent. 
.\  white-seeded  cultivar,  'Koala',  has  been  re- 
leased m  Australia 

Prospect*  lAtbhil'  purpureu*  is  a  multipur- 
pose spedes,  useful  as  a  vegetable,  pulse,  fod- 
der, cover  crop  and  green  manure,  but  with 
different  cultivars  for  these  main  uses.  As  a 
tough  plant  it  is  interesting  for  home  gardens 
but  less  fer  inmket  production,  where  mure 
palatable  and  productive  leguminous  crops  are 
available,  e.g.  Pkaaeokta  vulgaris,  Vigtta  uii- 
guicukUa  and  Phaseolua  lunaltis  I..  Breeding  of 
vegetable  typo  lablab  cultivars  .«hf)uld  therefore 
concentrate  on  palatabilily,  mainly  by  selecting 
on  tenderness  of  the  seedooat. 
.\s  a  pulse  and  forage  crop  it  does  not  enjoy 
much  popularity  among  fanners  in  tropical 
Africa,  but  it  is  promising  because  its  fields  are 
higher  than  thuse  of  cowpea  aipi  its  spectrum 
of  adapt nlnlily  to  differing  ecological  conditions 
IS  wider  than  for  any  other  leguminous  plant. 
It  merits  attention  for  breeding  and  agronomy 
rese.-irch.  Breeding  could  pay  high  rewards  if 
the  enormous  variation  is  utihzed. 
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Lactuca  iNEKMis  Forssk. 

Protologue  Fl.  ar-gypt  -arali.:  1  14  (1776). 

Family  Asleraceae  (CumpusiLae) 

Cluroaiosome  niunber  »  -  12 

Synonyms  Lactuca et^teiisis  Thunh.  (1800). 

Origin  and  geographic  distribution  Lac- 
iuva  inennis  is  widely  distributed  in  tropical 
Afirica,  Madagascar,  South  Africa  and  Yemen. 

Uses  The  leaves  and  yoiirit,'  shoots  ui' Laclitca 
iiiermia  are  lightly  boiled  and  eaten  in  Zim- 
babwe. In  Lesotho  the  young  plants  are  eaten 
asapotheib-  In  W  nhn^n^mr  Laetueainermisia 

used  as  a  vegetable  as  well. 
All  infusion  of  the  leaves  (northern  .\igena)  or 
of  the  boiled  roots  (Kenya)  is  drunk  as  a  cure 
for  venereal  Hisoa.'^i^s.  In  DR  (^nnpo  the  pulver- 
ized root  is  applied  to  sores,  ulcers,  leprosy  and 
eczema.  The  leaves,  pounded  with  natron,  are 
given  to  horses  as  a  vermifuge  in  Nigeria. 

Botany  Perennial  erect  herb  5-150(-240) 
cm  tall,  sparsely  branched,  with  long,  thick 
taproot.  Leaves  alternate,  sessile,  scattered 
alonp  the  stem  or  crowded  on  the  lower  stem; 
blade  lanceolate,  sometimes  lobed,  5-20  cm  x 
0.3—1.6  cm  (including  lobes  up  to  7  cm  wide), 
base  semi-amplezicaul  in  lower  leaves,  sagit- 
tate higher  up.  apex  acute  or  mucronate  mar- 
gin entire  or  remotely  denticulate.  Inflores- 
cence a  lax  or  congested  panicle  of  3-100 
heads,  with  sagittate  bracts.  Fkmets  2-14  per 


head;  corolla  blue  or  mauve,  rarely  pink,  yellow 

or  white,  tube  cj'lindrical,  1-6  mm  long,  ligule 

n  I  1  mm  •  1-2.5  mm.  Fruit  a  dark-brown  to 

black  achene  with  white  jyappus, 

Variability  in  Lactuca  iiiermis,  especially  m 

habit  and  flower  colour,  is  considerable  but 

continuous. 

The  leaves  of  Lactuca  schueinfurthii  Oliv.  & 
Hiem  are  eaten  raw  in  DR  Congo.  A  related 
species,  PterocypscUi  indica  (L.)  C.Shih  (syno- 
nym: I.arUirn  hidicn  I,  :  Indian  lettuce,  wild 
lettuce)  originates  from  China  and  is  found, 
most  likely  as  the  result  of  introduction,  in  the 
Indian  Ocean  islands  (Comoros.  Madagascar. 
Seychelles  and  Mauritius),  Mozambique  and 
South  Africa.  In  Asia  it  is  widely  used  as  a 
vegetable  but  no  uses  are  recorded  for  tropical 
Africa.  Althouuh  potentially  a  valuable  vegeta- 
ble, it  should  not  be  promoted  because  of  its 
weedy  nature.  The  sap  of  the  inflorescence 

stalk  <>f  Lachira  srluiJzrniia  Biittner.  a  species 
restricted  to  Angola  and  DR  Congo,  is  given  to 
diildren  as  a  vermifuge. 

Eksology  Lactuca  I'lwnnis  is  a  pioneer  species 
found  in  grassland,  fallow  land  and  roadsides. 
Its  allitudinal  range  is  (650-)1000-2800(- 
3460)  m  in  East  Africa  and  1200-2000  m  in 

Madagascar.  It   flowers  throughout  the  year, 
often  without  leaves  being  present. 
Geitetlo  resources  and  breeding  Lactuca 

inernii.i  occurs  widespread  in  .\frica  and  is  not 
liable  to  genetic  erosion.  .Although  wild  J.nctuca 
species  might  be  interesting  for  breedmg,  the 
African  species  are  under-represented  in  gene- 
lianks,  Only  3  accessions  of  Lactuca  iiicnnis 
could  be  traced  and  even  these  might  well  be 
duplicates  of  1  entry. 

Prospects  Interest  in  Lactuca  iiwrmis  as  a 
vegetable  will  j-emain  locali/efl.  It  might  at- 
tract attention  from  lettuce  (Lactuca  sativa  L.) 
breeders  as  a  source  of  pest  and  disease  resis- 
tance and  heat  tolerance.  The  medicinal  uses 
might  be  substantiated  by  research  into  its 
chemistry. 

Major  references  Beontje,  H.J..  2000:  Bur- 
kill  IIM  1985;  Kokwaro,  J.O.,  1993;  Tred- 
gold,  M.ll.,  1986. 
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walree,  A  ,  Dethier,  D.  &  Gilissen,  E.,  1986; 
Roemantyo,  1993a. 
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LactucasativaL, 

Protologue  Sp.  pi.  2:  795  (1753). 

Family  .\st(  r.icfne  (rompf>sittie) 

Chromosome  number  2n  =  18 

Vemaeular  names  Lettuce  (En).  Laitue 
(Fr).  Alfacr  (P..)  Si.ladi  (Swt 

Origin  and  geographic  distribution  The 
origin  of  lettuce  is  in  Turkey  and  the  CaucaAU 
or  the  Middle  Rasi.  The  ancestor  is  probably 
the  European  prickly  let<uce  (Lacfiirn  .lorriola 
L.),  that  crosses  easily  with  the  cultivated 
forms.  Lettuce  was  known  as  a  vegetable  in  the 
Mediterranean  as  early  as  4500  BC;  it  was 
depicted  in  Egyptian  tombs  in  2500  BC  and 
cultivated  by  the  Greeks  and  Romans  as  a 
popular  vegetable.  In  Western  Europe,  headed 
types  have  been  know  n  since  the  li^^  centurj' 
but  leafy  types  have  been  known  for  much 
longer.  At  present  lettuce,  eqiedally  the 
headed  tjTies,  is  the  world's  most  important 
salad  crop.  Salads  are  traditionally  more 
popular  in  temperate  areas  than  in  the  trop- 
ICS.  but  lettuce  is  increasingly  important  in 
.Africa  as  an  exotic.  Eurn|ioan  type  of  vegeta- 
ble, grown  for  the  city  markets,  supermarkets, 
restaurants  and  hotels.  It  can  be  found  in  all 

.African  countries  most  fic(jucnt  ly  at  higher 
elevations  and  in  the  cooler  season,  and  more 
often  in  francophone  than  in  anglophone 
countries. 

Uses  T,ct(uco  is  grown  for  its  leaves,  that  are 
usually  eaten  raw  as  a  salad  with  a  dressing  of 
oil  and  vinegar.  Occasionally  lettuce  is  used  as 
a  cooked  vegetaldc,  cspccirdly  in  lowland  .iifas, 
In  China,  a  form  of  lettuce  with  a  thickened 
stem  is  eaten  as  a  cooked  vegetable. 

ProdudaoB  and  intematkmal  trade  World- 
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wide,  lettuce  is  one  of  the  leading  vegetables, 
with  a  registered  area  of  about  880.000  ha  pro- 
ducing some  20  million  t  of  marketed  product. 
With  about  .170.000  ha,  Thina  is  the  main  pro- 
ducer followed  by  the  United  Slates  with 
125,000  ha.  Other  important  lettuce  producers 
are  the  European  Union.  Japan  and  India. 
In  tropical  Africa  salad  vegetables  are  less 
popular  and  lettuce  production  is  modest,  al- 
though wi(i(s|)n;id  Lettuce  con.sumplion  is 
concentrated  in  th(^  urban  centres,  especially  in 
francophone  countries.  Statistical  data  on  cul- 
tivated areas  and  production  in  Africa  are  lack- 
ing. Since  lettuce  is  a  very  perishable  product 
destined  ibr  urban  consumption,  it  is  mainly 
produced  in  the  proximity  of  the  big  cities.  In 
Africa,  it  is  rarefy  if  ever  traded  intemati<m- 
ally 

Properties  After  removal  of  the  outer  leaves 
of  fresh  iceberg  lettuce,  the  composition  of  the 

remaining  edible  portion  (8.^%  of  the  weight) 
per  100  g  is:  water  95.0  g,  energy  53  kJ  (13 
kcal),  protein  0.7  g,  fat  0.3  g,  carbohydrate  1.9 
g,  dietary  fibre  0.6  g,  Ca  19  mg.  P  18  mg  Fe  0.4 
mg.  p-carotene  .50  ng.  thiamin  0  1 1  mg.  ribofla- 
vm  0.01  mg,  niacm  0.3  mg,  folate  53  ^g,  ascor- 
bic acid  3  mg.  The  carotene  value  of  the  pale 

green  to  white  inner  leaves  is  low,  while  the 
darker  green  outer  leaves  may  cx>nlam  50 
times  as  mudh  carotene.  In  general  headed 
tjrpes  with  a  low  chlorophyll  content  (pale 
green  leaves)  have  fewer  micronutrienf s  than 
lealy  tj-pes;  the  dark  gi-een  types  have  consid- 
erably larger  amounts  of  carotene,  Fe  and  vi- 
tamin  C  The  eomposition  of  butterhead  lettuce 
per  lUO  g  edible  portion  (76%)  is:  water  94.4  g, 
energy  62  kJ  (12  kcal),  protein  0.9  g,  fat  0.6  g, 
carbohydrate  1.2  g,  dietarj-  fibre  1.2  g,  Ca  5;^ 
mg,  Fe  1.5  mg  P-cnrotene  010  |ig,  thiamin  0.15 
mg,  riboflavin  0.03  mg,  niacin  0.5  mg,  folate  57 
|ig,  asooribic  add  7  mg  (Holland,  B.,  Unwin,  LD. 
&  Bliss,  D.TI.  inni). 

The  presence  of  free  nitrates  is  seen  as  a  nega- 
tive quality  factor  causing  health  problems  to 
susceptible  individuals.  In  the  Netherlands, 
the  legally  tolerated  maximum  content  of  XO3 
IS  2.5  mg  per  g  fresh  weight.  The  nitrate  con- 
tent decreases  with  increasing  light  intensity 
and  is  no  problem  in  tropical  countries.  Lettuce 
contains  a  miik^'  juice  in  which  several  lactones 
have  been  identified  including  lactucin  and 
lactucopicrin,  both  with  analgesic  and  sedative 
properties.  Many  cultivars  contain  anthocya- 
nin. 

Description  Glabrous,  annual  heib  up  to 
100  cm  tall,  otmtaining  latex,  forming  a  dense 
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Lactuca  stUiva  -  J,  habU  (buiterhead  lettuee);2, 

fiahi'l  (crisp  U'llur,');  .?,  habU  (bunching  Ictliice); 
4,  liahiL  (stem  lettuce);  5,  hilbU  (eoa  lettuce). 
Source:  PROSEA 

basal  rosftto  and  latnr  a  f  all  branched  llowor- 
ing  stem;  root  system  shallow,  but  with  a 
strong,  fleshy  taproot.  Rosette  leaves  loose  or 
a  Iran  m-d  in  more  or  less  cijinpact  hi'ads:  ])ctioIe 
shurt;  lamina  undivided  tu  sawtuuthed  ur  pin- 
natifid,  sometimas  curly  and  fringed,  pale  to 
dark  green  or  with  red  or  brown  anthocyanin 
pipmont:  strm  loavos  arrnnpod  spirally  sossilo, 
progressively  smaller,  ovate  to  orbicular  in 
outline,  entire,  cordate-amplexicaul.  Infloree- 
crnrr  a  brad"  many  beads  arranpod  in  n  dense, 
coiymbose,  flat-topped  panicle;  involucre  10-15 
mm  long,  consisting  of  3-4  rows  of  lanceolate 
or  ovate  bracts.  F'lowers  7-35  per  head,  bisex- 
ual: corolla  ligulate.  yellow:  stamens  5,  with 
connate  anthers;  ovary  inferior,  1 -celled,  style 
bifid.  FVuit  a  narrowly  obovate  adioie  3-8  mm 

joni;  lomprossod,  ribbed  white,  yellowish, 
grey,  brown  or  black  with  narrow  beak,  sur- 
mounted by  a  white  pappus  of  2  equal  rows  of 
stift  ban  s  S(  «.(!ling  with  epigeal  perniinatioil. 

Other  botanical  information  The  many 
hundi-eds  of  cultivars  can  be  grouped  in  ty^jes  ot 
cultivar-groups.  Cultivars  of  different  types  may 
easily  be  crossed  among  eadci  other  and  sponta- 


neous crossings  occur.  Intermediate  tJTies  exist, 
making  a  completely  clear  distinction  difficult. 
The  following  1  tj-pes  (defined  as  cultivar-groups 
in  PROSEA  8:  Wpetalilos)  occur  in  tropical  Af- 
rica, ordered  by  decreasmg  importance. 

—  Crisp  lettuce,  also  named:  iceberg  lettuce,  ice 
lettuce,  cabbage  lettuce.  Thick  n  isjiy  leaves, 
outer  leaves  dark  green,  with  promment 
flabellate  veins  and  midribs;  mostly  cultivars 
with  heavy  firm  cahbaiic-like  heads  W(  -.iliiiig 
up  to  1  kp  interior  white  to  creamy  yellow. 
Non-headmg  or  slightly  heading  types  occur. 
This  is  the  most  popular  lettuce  type  in 
warm  (einin  iale  and  in  subtropical  areas,  in 
tropical  highlands  and  during  the  cool  season 
in  the  lowland  tropics.  The  standard  cultivar 
tj'pe  is  'Great  Lakes,  but  there  are  many 
other  cultivars.  e.p  Reine  des  Glaces  (early, 
resistant  to  heat  and  bulting  ),  Mmelto'  (very 
early,  small,  heat  resistant,  resistant  to  tip- 

bimi)  and  Tiinity'  (ronipact,  bea\y  resistant 
to  heat,  tipbui'n,  bolting,  Cercospora,  Scle- 
rotinia).  'Batavia'  is  a  crisp  lettuce  type 
originating  from  France,  with  thinner,  undu- 
lated leaves,  heads  medium  heavy,  weighing 
up  to  500  g,  firm  or  louse.  It  is  popular  in 
firanoophone  countries.  Standard  cultivar 

type  is  'Blonde  de  Paris  and  tb(^  traditional 
American  cultuar  called  Iceberg  also  be- 
longs to  this  gnmp.  The  African  cultivar 
'Blonde  de  Yamoussoukro'  was  developed  in 
Cote  d'Tvoire, 

-  Bunchuig  lettuce:  leaf  lettuce,  loose-leaf  let- 
tuce, curled  lettuce,  cutting  lettuce.  Leaves 
thin,  broad,  smooth,  cui  lerl  or  crinkled,  preen 
or  reddish,  m  a  loose  rosette  or  on  a  short 
stem;  marketed  in  bundles  of  3-10  plants. 
Common  in  African  countries.  Standard  cul- 
tivar t\-pes  are  Salad  Bowl',  Simpson',  'Oak- 
leaf,  but  many  cultivars  exist. 

-  Butterhead  lettuce:  head  lettuce.  Soft  solid 

or  loose  beads  of  overlappinp  leaves,  pale 
green,  inner  leaves  thin,  oily,  butteiy  in  tex- 
ture, slightly  undulate.  Heads  of  up  to  350  g. 
Originated  in  Western  Europe.  Butterhead  is 
a  popular  lettuce  type  in  temperate  climates 
but  less  common  m  the  tropics,  A  standard 
cultivar  type  is  'May  Queen',  and  many  culti- 
vars rxi.st,  o,R  the  beat  resistant  'Kapraner'. 

—  Cos  lettuce:  romainc  lettuce.  Long  narrow 
leaves,  forming  an  upright,  cylindrical  head. 
Eatra  raw  or  cooked.  Or^inated  in  southem 
Europe.  Fairly  common  in  francophone  coun- 
tries and  in  Sudan,  Standard  cultivar  tj'pe  is 
'White  Parish  Cos';  £bw  cultivars  exist,  e.g. 
'Verte  Marafch^r^. 
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A  fifth  tj-pc,  not  reportod  from  tropical  iVfrica, 
is  stem  lettuce:  aspara^is  lettuce,  celtuce.  This 
type  is  grown  for  the  fleshy  30-50  cm  long  and 
3-n  cm  tliic  k  stem  tlmt  hits  n  crisp  texture  and 
a  faint  lettuce  taste.  The  stem  bears  many 
leaves  with  a  rosette  at  the  apex;  the  young 
leaves  are  also  ediMe,  Stein  lettuce  originated 
in  China  and  is  popular  in  East  Asia  and  lo- 
cally in  South-East  Asia.  The  standard  cultivar 
type  is  'Celtus'.  Oilseed  lettuce  is  a  primitive 
type  with  larger  seeds  grown  in  Egypt  for  the 
cookmg  oil  pressed  from  the  seed. 

Qrowtli  and  development  The  seed  ger- 
minates within  1-4  days  iit  tem|)er;it iires  from 
16-25°C.  Young  seed  less  than  one  month  old 
shows  some  dormanqr  with  retarded  germina- 
tion. Lettuce  seed  often  shows  dormancy  when 
it  has  been  stored  at  high  temperature  and  is 
sown  at  a  soil  temperature  above  2b''C,  which 
is  the  normal  situation  in  tropical  lowland.  The 

best  remedy  is  to  store  the  welted  seed  in  n 
refrigerator  at  2-5''C  for  1-3  days.  Growth  of 
young  lettuce  plants  is  exponential,  slow  in  the 
beginning  and  very  fast  in  the  last  weeks  be- 
fore the  harvest  staye  Rosette  formation  be- 
comes apparent  m  the  third  week  after  emer- 
gence, and  head  formation  in  headed  types  two 
weeks  later  Depending  on  growing  conditions 
and  cultivar,  the  head  is  fully  formed  and 
ready  for  harvesting  about  two  months  after 
sowing.  Plants  stnn  I  li  mg  when  2—3  months 
old.  Inflorescence  d(  \  i  li  iionenl  of  headed  cidfi- 
vars  is  stimulated  by  removal  of  the  upper  part 
of  the  head.  The  flowering  stage  may  last  1—2 
months.  The  flowers  are  open  for  1-2  hours  in 
the  morning  and  do  not  open  all  at  once  Let- 
tuce is  an  obligate  self-pollinating  crop.  Spon- 
taneous cross-fertilization  rarely  occurs  (less 
than   1%).  Seed  matures  in  days  after 

anthesis,  dependmg  on  temperature.  Seed  is 
produced  abundantly,  10-30  g  per  plant. 

Ecology  Lettuce  grows  best  at  mnder.ite  day 
temperatures  of  15-25''C  and  cool  nights  of  10- 
15*C.  In  the  tropics  it  thrives  best  in  the  high- 
lands and  during  the  cool  season.  Above  25"*C, 
headed  ciiltivars  usu;dlv  fnim  u  loose  head. 
When  day  temperatures  iise  above  28°C,  the 
heads  will  be  very  loose  or  no  head  formation 
will  take  iilric<\  TIc.it  tolerant  cultivars  have  n 
better  head  formation  at  high  temperatures. 
Crisp  lettuce  is  better  adapted  to  high  tem- 
peratures than  butterhead  lettuce.  Lettuce 
grown  in  tropical  lowlands  is  either  the  bunch- 
ing type,  or  densely  grown  crisp  lettuce  har- 
vested as  bundling  lettuce.  Lettuce  shows  a 
slight  quantitative  kng-day  reaction,  but  most 


modem  cultivars  are  almost  day-neutral.  Bolt- 
ing is  strongly  promoted  by  high  temperatures. 
Lettuce  can  be  grown  on  any  soil  type  with  a 
good  structure  and  hi^h  fertility.  The  water- 
holdmg  capacity  is  important  because  lettuce 
has  a  relatively  small  root  system,  which 
makes  the  croi>  \  ulneralile  to  drought.  Lettuce 
is  often  grown  on  neutral  sandy-loam  soils  (pH 
6.6-7.2).  It  does  not  tolerate  acid  soils  (pH  < 
5.6).  In  temperate  count  ries  lettuce  is  partially 
grown  out  of  season  and  often  in  greenhouses. 

Propagation  and  planting  Lettuce  is 
propagated  by  seed;  the  1000-seed  weight  is 
0,8-1.2  MiUiy  lettuce  farmers  in  Africa  use 
seed  of  their  own  selection  and  only  about  hall' 
of  the  seed  required  in  Africa  is  imported.  Ea> 
pecially  in  semi-arid  regions  it  is  easy  to  pro- 
duce good  lettuce  seed,  but  if  not  properly 
stored,  lettuce  seed  loses  its  viability  very  fast. 
Plants  of  headed  types  are  normally  raised  in  a 

nursery.  Seeds  are  sown  in  a  shaded  seedbed 
the  seedlmgs  pricked  out  2-3  weeks  after 
emergence,  and  planted  in  the  field  or  in  soil 
blocks  of  about  4  cm  x  4  cm.  which  are  jjlanted 
out  in  the  field  2-3  weeks  later.  Somewhat 
older  plants  are  sturdier  and  easier  to  handle. 
With  optimal  cultural  practices,  the  seed  re- 

(liiiremenl  is  only  2i)0  g/ha  (1  g  seed  for  '■)()  m^, 
but  under  suboptimal  conditions  the  seed  re- 
quirement is  much  higher.  Crisp  lettuce  can  be 
planted  out  in  the  field  at  cm  between  rows 
and  HO  cm  within  the  row  (66,000  plants/ha)  or 
at  35-60  cm  X  35  cm  (50,000-90,000 
plants/ha).  Butteriiead  lettuce  may  be  planted 
somewhat  clnser  together  dejiending  on  the 
mature  head  size  of  the  cultivar,  at  25  cm  x 
20-26  cm.  The  spacing  for  cos  lettuce  can  be 
even  narrower,  although  farmers  may  prefer  to 
leave  a  path  of  An  vm  between  double  rows 
spaced  at  15  cm.  Bunching  lettuce  is  usually 
sown  directly  in  the  field  in  drills  20  cm  apart, 
and  thinned  to  fS-\0  cm  10-20  days  after 
emergence.  Afirican  farmers  often  plant  very 
dense,  at  7-9  cm  ^  7-9  cm.  Crisp  lettuce  like 
Great  Lakes'  or  Blonde  de  Paris'  is  also  often 
planted  densely  to  [Moduce  a  bunching  f.vpe 
lettuce.  The  seed  requirement  for  direct  sowing 
under  optimal  conditions  is  about  0.6  kg  per 
ha  or  1  c  seed  per  20  m-.  Heading  lettuce  is 
also  sown  directly'  in  the  field.  In  that  case, 
plants  should  be  thinned  to  30  cm  within  the 
row.  In  strongly  mechanized  cultivatifHi  in 
western  countries  headed  lettuce  is  sown  di- 
rectly m  the  field,  using  pelleted  seed  and  pre- 
dion drilling  equipmoit. 
Management  Young  lettuce  cannot  compete 
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with  fnst-growing  weeds.  Several  weedings  are 
needed  in  the  first  month  when  the  soil  surface 
is  not  yet  covered  hy  the  lettuce  plants.  In  ad- 
ditmn  thf  water  supply  must  lie  very  legular 
The  farmers  normally  sprmkle  their  lettuce 
beds  twice  daily,  during  the  morning  and  in  the 
ev&aing,  or  during  the  day.  The  evapotrani^pi- 
ration  increases  £ast,  fit>m  2-3  mm/day  in  the 
first  weeks  to  6-8  mm  for  a  fiilUgrown  crop. 
Sprinkling  the  crop  with  water  from  a  polluted 
source  such  as  a  local  stream  containinp  sew- 
age or  passing  through  dumping  grounds 
should  be  avoided  because  of  health  risks. 
Lettuce  is  M  crop  with  ;i  moderately  high  up- 
take of  mmerals.  Depending  on  the  soil  condi- 
tions, a  suitable  fertilizer  recommendation  is 
30  t/lia  of  farmyard  manure  combmeil  with  50 
kg  X.  lo  k^r  P  and  65  K  Itct'ore  jihmtint; 
Many  farmers  only  use  poultry  manure,  ap- 
plied freely  and  worked  into  the  beds  before 
]il.int  int:.  An  X  sidr-  dressinp  of  fid  kg/ha  is 
given  '6  weeks  after  plantmg  and  again  3  weeks 
later  if  needed.  The  mineral  uptake  (N,  K)  is 
low  during  the  first  month  after  sowing  and 
highest  in  the  last  weeks  before  harx'est  Too 
much  nitrogen  makes  the  crop  susceptible  to 
tip  bum  and  diseases,  and  increases  the  con- 
tent of  nilrnte  in  the  h.in-esled  [iroiluct. 
The  physiological  disorder  tip  burn  is  probably 
the  most  serious  problem  of  lettuce  in  the  trop- 
ics. The  symptoms  an  m  internal  necrosis  of 
the  leaf  margins  in  the  hi-aif  often  followed  by 
bacterial  rot.  The  necrosis  is  caused  by  water 
shortage  in  hot  weather  and  fast  growing  con- 
ditions.  whic'h  lead  to  Cn  deficiency  in  the 
young  leaves.  It  can  be  controlled  by  use  of 
tolerant  eultivars,  liming  before  planting,  slow- 
ing down  of  the  growth  by  hmiting  the  N- 
fertilizing  a  light  shading  and  especially  by 
always  keeping  an  ample  and  even  supply  of 
soil  moisture. 

Diseases  and  pests  Many  fungal  bacterial 
and  viral  diseases  mfest  lettuce  in  the  tropics. 
Common  diseases  are  mosaic  virus,  bottom  rot 
and  downy  mildew  Mosaic  is  caused  by  lettuce 
mosaic  virus  (LM\').  It  may  be  contioUed  by 
the  use  of  healthy  seed,  control  of  aphids  and 
immediate  removal  of  diseased  plants.  Bottom 
rot  caused  by  Rhiznrtom'a  .inlniii  commonly 
occurs  under  wet  conditions.  The  symptoms  are 
a  slimy  rotting  of  the  underside  of  the  plant, 
progressing  into  the  head.  Si  ferotmia  causes  a 
wet  rot  of  the  entire  plant,  beginning  at  the 
stem  base.  Downy  mildew  caused  by  Bivmia 
laetueae,  the  most  serious  disease  of  lettuce  in 
tenqierate  areas,  occurs  in  cooler  parts  of  the 


tropics.  The  best  control  of  bottom  rot  and  Sch- 
rolinia  is  good  sanitation,  crop  rotation  and 
drainage.  It  is  recommended  to  plant  on  ridges 
instead  of  on  f'l;it  haul  Hnwuv  miblew  is  con- 
trolled by  the  u.se  of  eultivars  with  resistance  to 
the  relevant  race  of  the  fungus  or  by  spraying 
with  fungicides.  Damping-olT  (Pythi'uin).  grey 
mould  (Bottytia)  and  leaf  spot  (Ceix:o3pora)  are 
also  reported.  Cenoapora  longisaima  caused 
heavy  losses  on  lettuc«>  in  Cote  d'lvoire.  Infec- 
tion takes  place  at  high  humiility  by  splashing 
firom  the  soil,  and  control  is  possible  by  less 
dense  planting  and  by  sprajring  with  benomyl. 
The  most  serious  pest  are  aphids,  especially  in 
headed  lettuce,  because  they  cannot  be  con- 
trolled easily  by  spraying  with  chemicals, 
which  is,  moreover,  rislQr  because  of  residues. 
Other  pests  are  cut  worm  (Agrotis).  army  worm 
{Spodupteru)  and  other  caterpillars,  leaf  hop- 
pers, snails  and  slugs,  and  root-knot  nema- 
todes. Insect  pests  are  usually  controlled  by 
spraying  chemicals.  Nematodes  in  lettuce  can 
be  kept  imder  control  by  crop  rotation,  disinfec- 
tion of  the  seedbed  or  nursery  soil  by  heating, 
and  fertilizing  with  ample  organic  matter,  e.g. 
manure. 

Harvesting  Harvesting  of  headed  lettuce  is 

commenced  when  the  heads  are  fidly  devel- 
oped, usually  60-80  days  after  planting.  Har- 
vesting is  done  by  cutting  the  plants  at  their 
base.  Bimching  lettuce  and  densily  planted 

heading  eultivars  are  mostly  uprooted  for 
bunching.  Uld  outer  leaves  are  trimmed  off. 
Bundling  lettuce  is  usually  harvested  between 
."^n-'iO  days  after  sowing,  but  can  be  harvested 
at  any  time  from  the  young  stage  untd  boltmg 
starts.  The  younger  it  is,  the  more  tender  the 
lettuce  will  be,  but  also  the  lower  the  yield. 

Yield  For  headed  lettuce  a  yield  of  7(1";,  er 
more  of  the  number  of  plants  originally  planted 
may  be  considered  a  satisfactory  result.  Suc- 
cessful farmers  may  reach  90%.  The  average 
world  yield  is  about  20  t/ha.  Yields  above  30 
t/ha  are  reported  from  temperate  areas,  but  in 
the  li  pHs  tli  v  are  much  lower.  In  tropical 
highland  a  liaisest  of  50.000  heads.lia  with  an 
average  weight  of  200-300  g  yielding  10-15 
t/ha  is  readiable.  Criq>  lettuce  in  the  Kenyan 

highlands  is  reported  to  yield  |.t  t/ha  with 
heads  of  300-500  g.  Yields  of  bunching  lettuce 
readi  only  3-8  t/ha.  Stem  lettuce  harvested  at 
80—100  days  after  planting  may  yield  up  to  20 
t/ha. 

Handling  after  harvest  Lettuce  wilts  eas- 
ily. The  most  suitable  packing  of  headed  let- 
tuce is  in  open-topped  polythene  bags  which 
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arc  put  in  crates  or  boxes.  Fast  coolinR  to  0— 
2°C  and  pnrking  with  ice  improve  keepability. 
ruiniiu  I'n.'il  market  gardeners  may  dip  the 
cleaned  lieiids  in  mlcl  WMter  and  imme(hfttely 
put  the  produce  m  a  cool  place.  Headed  lettuce 
is  fiirther  trimmed  if  old  or  damaged  outer 
leaves  are  still  present,  In  XiRcria,  much  lil- 
tuce  ia  produced  m  the  savanna  area,  packed  m 
jute  bags  and  transported  over  long  distances 
to  the  cities  in  \hc  south,  resulting  in  high 
lossos  Plants  of  headed  rnl»i\";u'>  which  hnvf» 
not  produced  a  head  of  marketable  size  (less 
than  150  g)  are  often  uprooted  or  cut  and  bim- 
dled  in  liunchr-8  of  3-8  plants,  I'prontcd  lettuce 
in  street  markets  is  kept  Iresh  by  puttmg  the 
roots  in  a  basin  with  water.  It  ia  adviaable  to 
wash  lettuce  carefully  before  serving  to  avoid 
intestinal  disease-;  and  parasites. 

Genetic  resources  Large  germplasm  collec- 
tions of  lettuce  and  wild  Ltietuea  species  are 
kept  al  insliUitrs  in  the  Nothorlanda  (Centre 
for  Genetic  Resources,  Wageningen),  Russia 
(Vavilov  Institute  of  Plant  Industry,  Peters- 
burg). United  Kingdom  (Institute  of  Horticul- 
tural Research.  Wellesbourne)  and  the  United 
States  (National  Seed  Storage  Laboralorj',  Fort 
Collins,  Colorado). 

Uettiifc  was  introduced  in  .\frica  centuries  afjo. 
Local  selections  or  landraces  have  developed 
which  may  contain  valuable  genes  for  disease 
resistances,  heat  tolerance,  and  other  traits. 
There  is  a  great  risk  of  genetic  erosion  of  this 
material,  since  seed  companies  promote  im- 
proved cultivars. 

Breeding  Many  hundreds  of  cultivars  have 
been  bred  in  temperate  c-ountries  (Europe, 
North  America,  Japan)  with  a  large  variation 
of  very  qpecific  characters.  Resistance  to  mo- 
saic and  downy  mildew  is  common,  and  culti- 
vars with  resistance  to  aphids,  tip  burn  and 
bottom  rot  occur.  Important  selection  criteria 
for  tropical  headed  lettuce  cultivars  are  heat 
resistance,  a  short  growing  period,  slow  bolt- 
ing, and  oonqiact  heads  that  are  not  easily 
damaged  during  transport.  The  seed  com^iany 
Tropicasem  in  Seneg:d  performs  lettuce  breed- 
ing for  Alrican  conditions. 

Proapects  The  popularity  of  lettuce  in  tropi- 
cal countries  is  increasing.  Lettuce  will  be  in- 
creasmgly  grown  for  city  markets  and  export. 
Researdi  should  focus  on  breeding  of  tropical 
cultivars  resistant  to  pests  and  diseases  and  on 
non-diemical  control  of  diseases  and  pests. 

Migor  references  Ferakova,  \'.,  1977; 
Grubben.  G.J.H.  &  Sukprakam.  8.,  1993; 
Haneh,  P.  &  Institute  of  Plant  Genetics  and 


Crop  Plant  Research  (Editors),  2001;  Messiacn, 

C.  -M.,  1989;  Messiaen.  C.-M..  Blancard,  D„ 
Rouxel.  F,  &  Lafon.  K.,  1991;  Purseglove,  J.W., 
19G8:  Rubatzky  V  E.  &  Yamaguchi.  M.,  1997; 
Ryder,  E.J.,  1986;  Ryder,  E.J.,  1999;  Tindall, 
H.D.,  1983. 

Other  references  Bantoc  -h-.  H  .  19*i7; 
Ooukema,  I.W.,  Hazekamp,  Th.  &  van  Hmtum, 
Th.J.L.,  1990;  Holland,  B.,  Unwin,  I.D.  &  Buss, 

D.  H..  H»91;  Savar>',  S  Sherf,  A.F.  & 
\[a<-Xah  .\..\.   108';:  Te<-hnisem,  2nnn 

Sources  of  illustration  Grubben,  G.J.H.  & 
Sukprakam,  S.,  1993. 
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LaOENARIASICERARIA  (Molina)  Standi. 
Proiologue  Publ.  Field  Columbian  Mus., 

1'.  It   S.  r      4:^5  (lO.'iO). 

Family  Cucurbitaoeae 

Chromoaome  number  2n  =  22 

Synonyms  Cucurbita  lagenaria  L.  (1753), 
Ctiriiibita  siccraria  Molina  (1782)  Ldseiiaria 
lulgaris  Ser.  (1825),  Lagenaria  leucaulJta 
(Duchesne  ex  Lam.)  Rushy  (1896). 

Vernacular  names  Bottle  gourd,  ealnbn.sh 
gourd,  common  gourd,  white-flowered  gourd 
(En).  Gourde,  calebasse,  oourge  bouteille  (Fr). 
Cabaceiro,  caba^,  abobora  cameira,  colombro 
(Poi  Mlniyu  mniumunye  nimung'unye  (Sw). 

Origin  and  geograpliic  distribution  Lage- 
naria aieeraria  is  one  of  the  earliest  domesti- 
rated  |>lants  and  has  a  pantmpical  distribution. 
Its  origm  IS  beheved  to  be  in  Al'rica,  but  its  wild 
progenitors  have  not  been  identified  with  oer^ 
tainly.  Recently,  a  wild  specimen  dose  to  Ltt- 
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genariri  siceixtria  has  been  recorded  from  Zim- 
babwe. Bottle  gourd  may  have  been  spread  bj- 
ocean  currents  to  the  shores  of  the  New  World 
or  by  human  migration  in  prohisforic  times,  It 
is  kiiown  to  have  been  cultivated  m  Africa, 
Asia  and  the  New  World  in  pre-Columbian 
timrs,  Thf  earliest  evidence  of  its  use  comes 
from  Peru  dating  from  13.000-8000  BC.  Lage- 
naria  aieemna  also  spread  at  a  very  early  date 
throughout  tropical  and  subtropic  al  Asia.  The 
earliest  remnants  from  -lapan  date  back  to 
6000-4000  BC.  in  Afiica,  the  oldest  remnants 
were  found  in  Egypt  and  Zambia  and  date  firom 
3000-1000  \M\  Bottle  gourd  has  probably  been 
domesticated  mdependently  in  Africa,  South 
America  and  Asia.  Hiie  independent  domeatiea- 
tions  are  reflected  in  the  variability  of  oommer- 
cial  cultivars. 

The  use  uf  buttle  gourd  as  a  container  is  re- 
ported from  most  parts  of  the  tropics  and  sub- 

tropirs  of  the  world,  incluflin<i  all  criimt  rios  of 
Africa.  Its  use  as  a  vegetable  is  more  restricted. 

Uses  Bottle  gourd  is  cultivated  for  a  wide 
range  of  uses  including  food,  storage,  utensils, 
ami  inciluine  depending  on  cultivar  and  cus- 
tom. Young,  tender,  non-bitter  fruits  are  used 
as  a  vegetable.  They  are  cut  or  peeled,  and 

then  boiled  for  10— I'l  mmules  until  soft.  Salt 
may  be  added  to  the  product  that  is  then  eaten 
as  a  8na<^.  The  young  fruits  are  also  mashed, 
salted  and  fried  and  used  as  a  stew.  Without 
added  condiments  they  arc  slightly  sweet  or 
have  a  bland  taste  reminiscent  of  avocado. 
Some  types  are  bitter  even  when  young  and 
these  are  not  eaten  In  areas  where  bottle 
gourd  is  not  eaten,  local  landraoes  are  oft^ 
bitter.  Toung  shoots  and  flower  buds  of  less 
bitter  types  are  occasionally  eaten  as  a  green 
vegetable,  Tbe  shoots  ;in  Imili  d  with  milk  or 
coconut  milk  to  reduce  the  unpleasant,  peculiar 
flavour.  They  may  also  be  mixed  with  other 
leafy  vegetables,  e.g.  Asystn.tin  fianaeticn  (L.) 
T.Anderson,  Cleoine  gynandm  L.,  Corchoms 
olUoriua  L.,  Cueurbita  mosehata  Ihidiesne, 
Lautiaea  eomuta  (Hodist.  ex  Oliv,  &  Hiem) 
C.Jeffrey  or  \'isno  iiit^^iu'tildta  (L  )  Walji  In 
Congo,  some  cullivars  have  edible  leaves,  but 
in  most  communities  the  leaves  are  eaten  only 
as  an  emorgenry  food. 

In  West  Africa,  Botswana,  Zimbabwe  and  South 
Africa,  people  extract  an  edible  oil  from  the  seed. 
In  floiithem  Africa  this  aO  is  used  when  ahema- 
tive  v^ogotable  oils  are  srarce  or  when  disposable 
incomes  are  ver>'  low,  but  m  West  Africa  the  oil 
is  commonly  available  in  markets.  The  seeds  of 
less  bitter  types  are  roasted  and  consumed  as  a 


snack  or  pounded  and  mixed  with  maize  or  mil- 
let flour.  In  Asia,  where  many  of  the  above- 
mentioned  uses  are  also  found,  some  bottle 
gourd  eultivars  are  used  us  a  r<Mit stock  for  graft- 
ing musk  melon,  watermelon  and  cucumber  to 
control  soilbome  diseases.  In  Japan,  long  strips 
of  fruit  akin  are  eomnumly  boiled  soaked  in  soya 
sauce  with  a  little  sugar,  and  used  as  an  ingre- 
dient of 'sushi'. 

Roots  .and  fruits  are  BOmetimes  used  as  a  pur- 
gative. The  leaves  are  used  as  a  medirine  f<ir 
Stomach-ache,  skin  rashes  and  swelling  due  to 
snake  poison.  The  myriad  of  sizes  and  shapes 
of  the  fruits,  both  genetically  and  environmen- 
tally determined,  accounts  for  the  tremendous 
variation  ui  the  use  of  the  diy  shell  (calabash) 
as  containers  and  utensils  in  many  parts  of  the 
world  ralaltashes  are  used  for  storing  and 
transporting  drinking  water,  porridge,  fresh  or 
fermented  milk,  local  beer  and  wine,  honey, 
ghee,  animal  fat,  salt,  tobacco,  perfume,  me- 
dicinal herbs,  crop  seeds  or  food  grains.  They 
are  also  made  into  beehives,  containers  for 
brewing  beer  or  keeping  clothes  (like  a  suit- 
case), or  into  animal  traps  and  decoys,  animal 
feeders,  air  pumps,  well  buckets,  vases,  fun- 
nels, floats  for  fishing  nets,  beds  for  babies, 

washbasins  irrigation  pots,  cages  for  chicks, 
masks  and  contamers  for  seedlings.  Cala- 
bashes are  used  to  make  many  musical  in- 
struments. The  l.uo  of  Kenya  make  a  large 
traditional  bugle  fnnn  liottle  gourds,  blown 
during  ceremonies  and  lor  chasing  away  wild 
animals.  In  West  Africa  calabashes  may  be 
used  as  resen  iucc  boxes  for  the  kora  (harp  or 
lute)  and  baiafun  (xylophtme).  The  Bavenda  of 
southern  Africa  also  use  calabashes  to  make 
xylophones.  Smaller  iypvn  are  used  to  make 
single-wire  traditional  ijintars  or  Tiddles.  Other 
musical  mstruments  made  from  calabashes 
indude  drums,  wind  instruments,  rattles  and 
hand  pianos.  Kikuyu  sorcerers  of  Kenya  use 
calabashes  for  divination  by  the  castmg  of  lots 
and  to  anoint  circumdsian  initiates  and  mar- 
riage couples.  The  Luo  in  Kenya  traditionally 
use  them  for  smoking  eannribis  (('nniidliis  aa- 
lii  a  L.).  They  are  also  used  lor  manulaclunng 
necklaces,  earrings  and  other  accessories. 
Large  hrih  f  s  are  roinmonly  used  for  winnow- 
ing gram,  the  smaller  sizes  are  cut  at  the  top  or 
in  halves  and  used  as  a  drinking  cup  or  as  la- 
dles. The  use  of  bottle  gourd  is  deeply  asBod- 
ated  with  local  culture  among  African  commu- 
nities. Songs,  proverbs,  stories,  beliefs  and 
myths  are  assodated  with  bottle  gourd  in  al- 
most every  community. 
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Production  and  international  tirade  Bottle 
gourd  as  a  vegetable  is  mainly  cultivated  for 
home  consumption,  although  excess  young  edi- 
ble fruits  are  sfinietimes  sold  ui  locnl  markets. 
The  products  made  from  bottle  gourd  shells  are 
commonly  traded  in  local  markets.  The  seed  oil 
is  occtisionally  traded  in  West  and  southern 
A&ica  as  cooking  oil. 

PropertieB  The  composition  of  immature 
Emits  of  bottle  gourd  per  100  g  of  fn^sh  edible 
portion  is:  water  li.'i.i)  p  enerpj'  88  kJ  (21  kcnl), 
protem  0.5  g,  fat  0. 1  g,  carbohydrate  5.2  g,  fibre 
0.6  g,  Ca  44  mg,  P  34  mg,  Fe  2.4  mg,  P-carotene 
26  PK  thiamin  0.03  mg.  niacin  1.2  mg.  ascorbic 
add  10  mg.  The  composition  of  the  leaves  per 
100  g  of  fresh  edible  portion  is:  water  83.7  g, 
energy  180  kJ  (43  kcal),  protein  4.4  g.  fat  0.3  g, 
carbohydrate  8.3  g.  fibre  1.8  g.  Ca  .5G0  mg.  P  88 
mg,  Fe  7.4  mg.  This  compumtiun  is  in  line  with 
other  medium-gre«i  leafy  vegetables.  The  seed 

contains  per  100  g  edible  portion:  w.nier  3.2  p, 
energy  2410  kJ  (574  kcal),  protein  28.2  g,  fat 
49.8  g,  caibohydrate  14.6  g,  fibre  2.0  g,  Ca  76 
mg,  P  HOG  mg,  Fe  5.3  mg,  thiamin  0.40  mg, 
riboflavin  0.26  mg.  niacin  4.6  mg  (Leung.  \V  - 
T.W.,  Busson,  F.  &  Jardm,  C,  1968).  The  oil  is 
rich  in  linoleic  acid  (about  60%),  but  contains 
only  0  1%  linolenic  acid.  One  nf  iItc  major  bit- 
terness components  of  the  bitter  fruits  is  the 
poisonous  cucurbitadn  B.  Elaterase,  an  active 
P-glucosidase,  has  been  isolated  from  the  juice 
of  bitter  fruits  it  is  nn  enzyme  for  hydrolysis  of 
the  bitter  prmciples  of  the  Cucurbitaceae,  ca- 
pable of  sptitting  glucose  from  tri-gluoosides 
and  tetra-gKn^jsides.  In  Jin  (>\|ii'riiiienf  thf 
Uesh  of  bitter  fruits  fed  to  rabbits  caused  rest- 
lessness and  dyspnoea  with  death  from  as- 

{ihyxia.  ;in«l  paralysis  in  one  animal. 

Adulterations  and  substitutes  In  l  ookmf: 
pumpkin  leaves  can  be  used  as  a  substitute  for 
bottle  gourd  leaves.  The  seeds  can  be  replaced 

by  seeds  of  other  Ciiai rhifarrnr  species,  e  g. 
Cilmlkis  lanalU8  (Thunb.)  Matsum.  &  Nakai, 
Giaimeropsis  mannii  Naudin,  Cuciirhita 
inaxinia  Duchesne.  For  storage  purposes,  it  can 
be  replaced  by  the  fruits  of  the  tree  calabash 
{Crescenlia  cujete  L.)  or  by  containers  made  of 
other  materials. 

Description  Monoecious  annual  climbing 
or  trailing  herb,  with  proximally  bifid  tendrils. 
Leaves  alternate,  simple:  stipules  absent;  peti- 
ole 2, •'3-12. T)  cm  long.  j>ul  i  -  n1  w  iih  a  pair  of 
tiny  glands  at  apex;  blade  broadly  ovate  to  kid- 
ney-shaped in  outline,  3-33  cm  x  4.5-33  cm, 
undivided  or  shortly  palmately  6-9-lobed,  cor^ 
date  at  base,  shallowly  sinuate-dentate,  pal- 


Lageiiaria  sicemriu  -  I,  floueriitg  and  fruiling 
ahool;  2,  female  flower;  3,  maie  flower. 
Source:  PROSEA 

mately  veined.  Flowers  imisexual  (rarely  bi- 
sexual), solitan,-  in  leaf  axils,  regular.  5- 

merous,  up  to  lo  cm  in  diameter:  rrceptacle 
tube  obconic-cylmdncal,  1-1.5  cm  long,  lobes 
remote;  petals  fi«e,  white;  male  flowers  on  long 
pedicels  7-:'>l  cm  long,  with  fri'e  'Stamens 
mserted  on  the  receptacle  tube,  connectives 
broad;  female  flowers  on  short  pedicels  2-10 
cm  long,  with  inferior  densely  hairy  ovary, 
stigma  .S-lobed  thick  each  lobe  2-lobed.  Fruit  a 
berr^',  ver>'  variable  m  size  and  shape,  often 
globular,  bottle-  or  dub-shaped,  up  to  1  m  long, 
white-yellow  to  dark  green  when  yoimg,  some- 
times whitish  speckled,  usually'  brown  when 
mature  and  dried,  with  hard,  durable  rind, 
flesh  white  and  soft,  many-seeded  Seeds  ob- 
long, compressed,  up  to  2  r-m  long  emarginate 
at  base,  with  2  flat  facial  ndges,  smooth,  some- 
times rugose,  whitish  to  brownish. 

Other  botanical  information  Laficvaria 
comprises  6  qiedes,  5  of  these  occurring  wild 
in  Africa.  These  wild  species  are  perennial  and 
have  spherical  to  eUipsoid,  small-maed  bittw 
fruits  with  a  slimy  juice  containing  saponins 
The  cultivated  Lagenaria  aicetxtiia  is  poljmor- 
phic  and  has  numerous  landraoes;  its  pheno- 
typic  variaticn  is  continuous  and  difficult  to 
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quantify.  The  hnrd  nnd  thick  rind  and  wcll- 
developod  handle'  of  the  fruit  are  often  charac- 
teiistj  III  in  Kenya  local  edible  types  are 
small  and  laiind.  In  some  communities,  fruits 
with  a  warted  surface  are  selected  for  con- 
sumption. The  variation  in  fruit  diape  is  larger 
than  that  in  seed  shape  and  there  is  no  correla- 
tion between  fruit  and  seed  shape. 

Growth  and  ^tevdopmeut  Emergence  of 
the  seedling  occurs  4-6  days  alter  sowing.  The 
vining  stape  starts  2-'^  weeks  after  emerpenre 
with  rapid  elongation  of  lateral  stems  and 
growth  of  tendrils.  Growth  slows  down  at  the 
onset  of  flowerint,'.  Malf  flowers  appear  8-18 
weelcs  after  planting,  female  ones  2-4  weeks 
later.  The  female  flowering  period  lasAa  d-12 
weeks  dependnifi  on  cultivar  and  environ- 
mental conditions.  In  some  eullivars,  a  secon- 
dary' flowering  period  occurs  during  the  next 
rainy  season  from  the  stems  that  survived  the 

drj'  season.  Female  flfjwers  ai'e  formed  on  the 
auxiliary'  stems,  and  rarely  towards  the  tip  of 
the  main  stem.  Female  flowers  in  the  lower 
leaf  axils  have  a  greater  chance  of  developing 
fruits  than  thdsc  appearint;  higher  up  on  the 
stem.  Female  flowers  al  the  end  of  the  creepmg 
brandies  develop  smaller  fruits  or  dry  up. 

Flowers  open  in  the  evening,'  anrl  close  afler  8- 
20  hours.  The  stigmas  are  receptive  from  6 
hours  before  to  36  hours  after  anthesis.  Male 
flowers  opm  earUer  and  close  later  than  female 
ones.  There  are  more  male  flowers  than  female 
flowers,  the  ratio  being  approximately  9:1,  al- 
though it  is  lower  at  low  temperatures.  The 
flower  rat  id  ,i!so  depends  on  culln  ar  Pollina- 
tion IS  mainly  by  bees;  hawkmoth  {tiippution 
eeUrio)  and  a  skipper  butterfly  (Gorgyra  johns- 
tont)  are  major  pollinators  in  Kenya.  For  seed 
production,  fruits  need  2-:'>  months  to  mature. 

Ecology  Bottle  gourd  is  widely  cultivated  in 
the  tropics  firom  sea-level  to  2600  m  altitude, 
and  is  found  as  ;m  i's<-ape  especially  along  riv- 
ersides and  lakeshores.  It  needs  a  well- 
distributed  rainfaU  of  600-1500  mm  and  is 
adapted  to  semi-arid  conditions.  The  optimum 
temperature  for  germination  is  20-25*C  and 
the  germination  rale  declines  below  lo'C  or 
above  36'C.  It  tolerates  low  temperatures,  but 

if  the  temperature  drops  below  lf)°(''  flowering 
is  reduced;  it  does  not  tolerate  frost.  Low  tem- 
peratures and  drought  lead  to  flower  and  fruit 

abortion.  Bottle  gourd  grows  in  a  wide  raiit^  f 

soil  t>-pes  but  prefers  well-aerated,  fertile  soils 
with  pH  G-7. 

Propagation  and  planting  Bottle  gourd  is 
propagated  by  seed,  which  is  oft^  sown  di- 


rectly. Transplanting  is  possible  if  .seed  is 
scarce.  As  no  commercial  cultivars  are  avail- 
able in  Africa,  farmers  carefully  select  dried 
intact  fruits  for  seed  for  the  next  crop.  The 
seeds  are  often  preserved  in  the  intact  fruits. 
For  vegetable  use,  non-bitter  types  are  selected 
by  scratdiing  the  surface  or  chewing  the 
leaves.  The  weight  of  1000  seeds  is  about  160  g. 
Planting  normally  takes  place  with  the  onset  of 
the  rainy  season.  Seed  dormancy  often  occurs. 
A  heat  treatment  of  o()°('  for  7  days  markedly 
increases  the  germmation  rate.  Bottle  gourd  is 
often  planted  near  the  homestead.  During  the 
wet  season  it  is  often  planted  on  mounds,  in 
the  dry  season  in  depressions.  It  is  sometimes 
intovropped  with  other  vegetables  and  grain 
crops,  especially  pumpkin.  Per  hole  2-3  seeds 
are  sown  at  a  spacing  of  1  m  in  the  row  and  2 
m  between  rows.  Weak  or  diseased  seedlmgs 
are  thinned  out  3-^  weeks  after  sowing,  leav- 
ing one  plant  jier  hole.  Spontaneous  plants  in 
fields  are  often  retained.  In  cattle-herding 
communities  sudi  as  the  Maasai  of  Kenya, 
bottle  gourd  arises  spontaneously  along  the 
fimces  of  cattle  enclosures  where  there  is  ample 
manure  and  enough  moisture.  Plants  with 
large  elongated  fruits  can  occasionally  be  found 

on  fences  in  abandoned  homesleails  fn  Asia 
special  vegetable  cultivars  are  commercially 
grown  on  stakes  or  trellises,  using  the  same 
cultural  practioes  as  for  cucumber. 

Management  Bottle  gourd  has  a  good  abil- 
ity to  suppress  weed.  It  has  an  extensive  but 
shallow  root  system  and  soil  tillage  should  be 
minimized  during  the  fruiting  stage.  Manual 
weedmg  around  the  base  of  the  plant  is  rec- 
ommended For  continuous  growth,  irrigation 
is  needed  in  the  diy  season.  In  .some  communi- 
ties people  use  an  old  clay  pot  half  buried  next 
to  the  plant  base  for  irrigation.  The  container 
is  filled  with  water  and  covered  with  a  half 
bottle  gourd  serving  as  a  lid.  The  water  gradu- 
ally oozes  out  to  the  roots.  Water  is  added  once 
or  twice  a  week.  Bottle  gourd  responds  well  to 
fertilizer,  When  available  ample  manure  is 
applied  at  planting  A  ihemical  fertilizer  NTK 
10-10-20  at  a  rate  of  500  kg/ha  or  100  g  per 
plant  may  be  applied.  Fruit  size  largely  de- 
pends on  the  position  of  the  fruit  on  the 
branch,  the  amount  of  rain,  and  damage  by 
pests,  whereas  the  firuit  shape  is  largely  de- 
termined by  the  cultivar.  Hie  diape  can  be 
manipulated  by  measures  such  as  placing 
young  fmits  upright  on  a  flat  ground  to  obtain 
a  gourd  with  a  flat  bottom,  tying  a  string 
around  the  neck,  or  by  hanging  the  firuits 
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straight  or  curbed  on  a  fence.  To  obtain  extra 
large  fruits  for  use  as  container,  often  only  a 
single  finiit  is  left  per  plant. 

Diseases  and  pests  Major  <Iis'>ii<i  s  ul' buttle 
gourd  are  anthracnose  {Collelutnchuin  lage- 
narium)  during  the  wet  numthB  and  powdeiy 
mildew  (Erysipfw  ciehoraceain)ii  and  Sphaero- 
theca  fiiliginea)  during  the  dry  season.  Scle- 
rotium  basal  stem  rot.  fusarium  wilt  (Fiiaa' 
rium  OXyaporunt  f  sp.  lui^fmniaf)  may  altack 
the  crop.  Remo\al  <if  inl'octcd  Iravos  and  ^no(] 
cultivation  management  are  recommended  to 
prevent  disease  build-up.  Cultivars  differ  in 
resistance.  The  roots  are  susce])tilili'  to  Meloi- 
dogyite  root-knot  nematodes.  Cucurbit  leaf  bee- 
tles (Chrysomtdidae)  are  common  pests.  They 
make  circular  holes  in  the  leaves  and  damage 
the  flower:^.  0 lister  beetles  (Coryna  apieiconua) 
eat  the  flower  petals. 

Harvesting  For  use  as  a  vegetable,  fruit 
hnrvostinjj  st.irts  Ihrcc  months  aftor  sowinp. 
Young  fruits  of  all  ages  are  edible  and  may  be 
picked,  including  the  ovary  of  the  flower.  Con- 
tinuous picking  of  young  fruits  prolongs  crop 
duration  and  as  many  as  20  |)ickinus  may  be 
possible.  Fruits  are  best  harvested  with  a 
shaip  knife,  leaving  about  6  cm  stalk  on  the 
fruit.  Leaves  are  pidced  from  2-month-oId 
plants  onwards. 

For  seed  production  fruits  are  harvested  when 

fully  mntui-e.  Fruits  are  mature  when  the  shell 
hardens  and  outer  and  inner  layers  start  to 
yellow.  This  stage  can  be  determined  by 
scratdiing  the  fruit  thinfy  to  expose  the  inner 
yellow  jiart  For  use  as  containers,  fruits  are 
permitted  to  mature  completely  on  the  plant. 

Yield  A  yield  of  26  t/ha  of  fruits  weighing 
0.5-2  kg  is  considered  a  good  yield  in  South- 
East  Asia.  One  to  more  than  30  fi"uits  may  be 
harvested  from  one  plant  depending  on  the 
cultivar  and  growing  conditions. 

Handling  after  harvest  Young  fruits 
should  be  coasumed  withm  2  weeks  after  har- 
vest. Longer  storage  causes  rapid  loss  of  water, 
leading  to  loss  of  hairs  and  diine  of  the  fruit 
surface. 

For  container  use,  seeds  and  pulp  have  to  be 
removed.  The  fruits  can  be  stored  for  a  long 

time  intnrt  in  a  dni'  place.  To  clean  the  shells, 
the  fruits  may  be  buried  in  the  soil  for  a  few 
weeks  or  soaked  in  water  before  the  skin  is 
polished  to  get  a  dean  surface.  To  remove  the 
pulp,  the  fruits  are  soaked  in  water  and  the 
inside  is  stirred  with  a  stick  or  they  are  iilled 
with  smaU  stones  and  shaken.  The  tou|^  rind 
of  1—13  mm  thifiknftfw  remains,  and  is  dried 


well  and  cleaned  further  before  use. 
The  oil  is  extracted  from  the  seeds  by  first 
roasting  and  grinding  them  followed  by  boiling. 
This  process  frees  the  oil  which  floats  to  the 
surface  of  the  water  and  is  skimmed  off. 

Genetie  resources  In  Africa  local  farmers 
maintain  a  large  number  of  cultivars.  Thr-  In- 
ternational Plant  Genetic  Resources  Institute 
(IPGRI)  and  the  Kenya  Resource  Centre  for 
Indigenous  Knowledge  (KENRIK)  of  the  Xa- 

tional  Museums  of  Kenya  have  collected  and 
maintain  hundreds  of  Kenyan  landraces  in  the 
Gene  Bank  of  Kenya.  Of  these,  30  local  culti- 
vars were  described  Some  are  demonstrated  in 
the  field  of  the  Botanic  Garden  of  the  National 
Museums.  Bottle  gourd  accessions  are  avail- 
able in  genebanks  in  Benin.  Cameroon.  Ethio- 
pia, Ghana,  Kenya.  Nigeria  Seiiei,'al  South 
Africa,  Sudan,  Tanzania,  Zambia  and  Zim- 
babwe. Genetic  erosion  in  local  cultivars  is 

l.-ilcini:  pine 

Breeding  i<'ruit  shape  is  strongly  genetically 
determined,  but  fruit  shape  and  size  are  also 
environmentally  influenced.  Bitter  is  a  domi- 
nant character  over  sweet  with  a  M:l  ratio.  In 
Kenya,  hand  pollination  showed  that  local  cul- 
tivars cross  easily  and  that  crosses  with  the 
wild  relative  Laiiniaria  sphacrica  (Sond.) 
Xaudm  are  40%  successful.  The  mterspecUic 
hybrids  show  strong  lateral  stem  development. 
Possibly  natural  hybrids  do  not  occur  because 
female  flowers  mostly  abort  and  male  flowers 
have  less  than  1%  pollen  viability,  improved 
cultivars  of  bottle  gourd  as  a  vegetable  are 
available  from  seed  companies  in  India,  China. 
Taiwan,  Japan,  the  Philippines  and  Thailand. 

Prospeots  The  bottle  gourd  is  deeply  inte- 
grated in  many  African  cultures,  a  guarantee 
for  the  mnintonnnce  of  the  huge  diversity,  but 
little  information  has  been  documented.  As  a 
fruit  vegetable  it  is  expected  to  increase  in 
popularity  when  commercial  cultivars  become 
available.  Its  popularity  as  a  producer  of  cala- 
bashes seems  lasting.  The  multipurpose  uses  of 
the  calabash  mean  it  has  good  commercial 
prospects  Research  and  lui'etling  woik  is  ex- 
pected to  lead  lo  improved  cultivars  including 
hybrids,  with  the  possibility  built-in  disease 
resistances  and  fif  fruit  shapes  and  sizes  ao 
cording  to  the  use  requu'ed. 

Major  references  Darekar,  K.S.,  Mhase, 
N.L,  &  Shelke.  S.S  ,  1989;  Decker-Walt.  rs  D., 
Staub  A.  Lopez-Sese,  A.  &  Xakata  E.  2<lOI: 
Heiser.  C.B.,  1979;  Jeffrey,  C,  1967;  Maundu, 
P.M.,  Ngugi,  G.W.  9t  Kabuye,  CJI.8.,  1999; 
Richardson,  J.B.,  1972;  Schii^rs,  R.R,  2002a; 
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Widjaja.  E.A.  &  Reyes,  M.E.C.,  1993. 

Other  references  Badade.  D.S.,  Warade, 
S.D.  &  Gaikwfit.  S.K..  L'DOl:  Hossain,  M.A., 
Sharfuddin.  A.F.M..  Mondal.  MF.  &  Aditya. 
D.K.,  1990;  Hurst,  E.,  1912;  Leung,  W.-T.W., 
Busson,  F.  &  Jardin,  C,  1968;  Pammel,  L.H., 

1911;  \ViIh;nn-(>n.  -I.  19.".", 

Sources  of  illuBtratiou  Widjaja,  E.A.  & 
Reyes,  M.E.C.,  1993. 

Authors  T.  Mbrimoto  &  B.  Mvere 


Lagenariasphaerica  (Sond.)  Naudin 

Protologue  Ann.  Sc.  nat.  Bot.,  set.  5,  5:  99 
(1866). 
Family  CuGuibitaceae 

Chromosome  niunber  2it  -  22 
Synonyms  Lageiiana   mascareiia  Naudin 
(1862),  Sphaeroaieyoa  sphaerieus  (Sond.)  Cogn. 

(IHSl). 

Vernacular  names  Wild  bottle  gourd  (En). 
Origin  and  geographic  diatribntion  Lage- 

nana  sphaerica  occurs  from  Somalia  through 
East  Africa  and  eastern  DR  Congo  to  South 
Al'rica;  it  is  also  found  in  the  Cumuros  and 
Madagascar. 

Uses  T.onv(>s  ;irr'  cf)!!!'!-! ci]  in  the  wiM  nnd 
used  as  a  vegetable  in  Malawi  and  Zmibabwe; 
they  are  non-bitter.  Toung  fruits  are  also  eaten 
as  a  vegetable  in  Zimbabwe.  Mature  fruits  are 

poisonous  hiftrr  nnd  rolcnso  strong-smelling 
volatile  compounds.  Fruits  are  used  as  a  soap 
substitute. 

An  extract  of  the  Ixiilfd  idoIs  is  used  as  rin  in- 
tanal  medicine  for  gonorrhoea  and  to  treat 
wounds  in  DR  Congo,  while  an  infusion  from 
the  fruits  and  leaves  is  used  ns  a  liniment  lo 
treat  infections  of  the  umbilical  cord.  The  scTds 
are  used  in  a  veteruiary  anthelminthic.  A  root 
or  leaf  infiiskn  is  used  by  Zulu  people  to  cure 

stnmnrh-ache.  T.enves  nnd  fruits  ai-e  used  as  a 
medicine  for  chickenpox  in  western  Kenya.  Ma- 
ture fruits  are  mariieted  in  South  Africa  for  un- 
specified medicinal  use.  Hie  Kamba  of  Ivenya 
use  th«'  fruits  as  poison  for  cockroaches  and  rats. 
A  case  of  lethal  human  poisoning  has  been  re- 
ported from  South  Africa.  The  fruits  are  used  as 
footbnlls  by  children.  Lnffrnan'a  spliaeiica  is 
grown  as  on  ornamental  garden  plant. 

Properties  Cucuibitadns  B  and  D  have  bean 
isolated  from  the  fruits  and  roots,  with  traces  of 
other  cuairbitacins  in  the  fniits  The  fruits  con- 
tam  saponin.  The  seeds  are  rich  m  od. 

Botany  Dioecious,  perouiial,  prostrate  or 
scandent  herb;  stem  annual,  10  m  or  more 


long,  with  proximally  2-fid  tendrils.  Leaves 
alternate,  simple;  petiole  1-12  cm  long;  blade 
broadly  ovate,  shaUowIy  to  deeply  palmately  6- 
IoIkmI,  ii-lB  cm  ^  1-22  cm.  cordnte  at  base. 
Flowers  unisexual,  regular,  5-merous,  large, 
fragrant,  hjrpanthium  oboonic  below,  expanded 
above,  sepals  .3-6  mm  x  1.8-2  .'i  mm  petals 
obovate,  2.5-6.5  cm  x  2-4.5  cm,  white  with 
green  veins;  male  flowers  in  a  raceme  with 
peduncle  up  lo  20  cm  long,  rarely  solitary, 
pedicel  up  to  5  cm  lon<z  stamens  'A.  free:  female 
flowers  solitary,  with  peduncle  up  to  8.6  cm 
long,  ovary  inferior,  elhpsoid,  densely  tomen- 
tose,  Fruit  a  subglobose  beiTV  7-1  1  cm  x  0-10 
cm,  smooth,  deep  green  with  paler  spots  and 
patches;  fruit-stalk  2.6—10  cm  lung,  expanded 
at  apex.  Seeds  oblong,  compressed,  8.5-11.5 
mm  X  5-6  mm  x  2-2.5  mm,  faces  with  2  sub- 
marginal  ridges. 

Flowers  of  Lageneuia  sphaerica  open  aroimd 

7:00  a.m.  and  close  in  the  afternoon.  Bees  and 
butterflies  are  the  main  polUnatOTS. 

Eicology  Lagenaria  sphaerica  is  frequently 
encountered  in  rix  erine  forest  and  thickets.  It 
is  also  found  in  disturbed  vegetation,  e.g.  in 
abandoned  fields  and  along  roadsides.  It  occurs 
from  sea-level  up  to  1700  m  altitude,  even  up 
to  2700  m  in  Central  \fn.  -i 

Genetic  resources  and  breeding  Hybrids 
between  Lagenaria  sphaerica  and  Lagenaria 
siceraria  (Molina)  Standi,  (bottle  gourd)  arc 
found  in  cultivation  in  eastern  .Xfrica.  How- 
ever, the  hybrid  is  sterile;  female  flowers  abort 
and  male  flowers  have  poor  pollen  viabiUty. 
The  possibility  of  transfer  of  ilcsii  able  traits  to 
Lagenaria  siceraria  still  requires  mvestigation. 
Resistance  to  powdery  mildew  (^haerotheea 
fuligiuca)  has  been  id^tified  in  some  wild 
plants  of  I.tiffmana  .-iphapnra. 

Prospects  L  nlike  many  other  cucurbit  spe- 
cies, interest  in  Lagmaria  sphaerica  appears  to 
be  limited  to  tropical  countries  The  main  in- 
terest lies  in  its  potential  as  a  source  of  resis- 
tance genes  for  improvement  of  the  bottle 
gourd. 

Major  references  Jeffrey  *  1978:  Kerau- 
dren-Aymonin,  M.,  1975;  Meeuse,  A.D.J.,  19G2; 
Schippers,  RR.,  2000;  Williamson,  J.,  1955. 

Other  references  Jeffrey,  C  ,  1980;  Watt, 
J.M.  &  Breyer-Brandwijk,  M.G.,  1962. 

Authors  C.H.  Bosdi 
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Laporteaovaufolia  (Schumach.)  Chew 

Protologue  Gard.  Bull.  Sing.  21:  201  (1966). 

Family  rrticMreae 

SyuonyukB  Fleurya  podocavpa  VVedd.  (1869), 
Fleurya  ovalifolia  (Sdiumach.)  Dandy  (1952). 

Vernacular  names  Mpujui  (S\v). 

Origin  and  geographic  distributioii  La- 
portea  ovalifoUa  is  widespread  in  tropical  Af- 
rica from  Sirira  L(><)n(>  to  soulhcrn  Sudan  and 
8oufh  to  Ani^oln  niiil  'rnn/nniri,  Furthrr  south  it 
is  obviously  rare  with  a  single  specimen  col- 
lected in  Zimbabwe. 

Uses  Leaves  of  Laporteu  ovalifolia  are  eaten 
cooked  as  a  vegetable  in  Cameroon  r^R  (^ongo, 
K^ya  and  Tanzania.  In  Tanzania  chopped  and 
boiled  youn^  leaves  are  often  mixed  with  beans 
or  peas  and  served  with  a  staple  food  Ahhou^h 
they  have  a  mild  laste,  they  are  eaten  in  small 
amounts. 

Tn  Xi<jcria  the  leaves  ai'e  used  ns  a  hat  most  nt  ir 

on  cuts  and  wounds  and  as  an  onti-irntant, 
whereas  the  fruit  is  used  as  a  poison  antidote. 

In  Gabon  i  l  u  ked  leaves  are  eaten  as  a  remedy 
for  stomac  ii -ai  he  and  cooked  with  peanuts  they 
are  given  to  pregnant  women.  In  Cameroon  the 
fresh  leaves  are  used  to  relieve  headadie.  In 

DR  Conf.")  \hv  leaves  are  used  as  a  diuretic  as 
a  cure  fur  blenurrhoea  and  chest  problems  and 
as  a  fish  poison.  In  Tanzania  an  infusion  pre- 
pared by  pounding  and  soaking  leaves  in  water 
is  taken  to  help  deliver  the  plnrentn  after 
childbirth,  and  an  ml'usion  made  by  boilmg 
roota  in  water  is  taken  to  prevent  excessive 
menstrual  bleeding  In  (^  ilxm  Lc^rtea  ovaUfiy- 
lia  ia  used  during  imtiatiun  rituals. 
Propertiea  The  taste  of  the  young  leaves  is 

said  to  be  mild.  No  <iata  hav(<  been  published 
on  nutritive  value  or  rheniic  al  mmposition.  but 
they  are  pi-obably  similar  to  those  of  Laporlea 
aestuan*  (L.)  Gaudidi.,  whidi  is  also  eaten  as  a 
vegetable,  but  is  bettor  known  as  a  fibre  plant 
and  for  its  uses  in  traditional  medicme.  Fresh 
leaves  of  the  latter  species  contain  per  100  g 
edible  portion:  water  80  g.  energy  222  kJ  (o:; 
kcal).  protein  5.8  g.  fat  4.0  g.  carbohydrate  ion 
g,  fibre  3.0  g,  Ca  440  mg,  P  114  mg,  Fe  1.5  nig 
(Leung.  W.-T.W.,  Busson,  F.  &  Jardin,  C, 

19(58). 

Botany  Monoecious,  stolon  iferous,  perennial 
heib,  with  scattered  stinging  hairs;  main  stem 
often  pros!  r.ate  with  erert  shiHits  up  to  2  m  tall. 
Leaves  alternate  simple  stipules  fused  almost 
to  the  apex,  up  to  1  cm  long;  petiole  5-10  cm 
long;  blade  ovate,  8-10  cm  x  4-6  cm,  base  sub* 
cordate  to  rounded,  apex  acute  to  acuminate, 


margin  crenatc  to  serrate.  Innoresccncc  uni- 
sexual; male  inflorescence  paniculate,  arising 
from  stolons,  rare^  axillarj'  on  the  erect  stems 
ui>  to  50  em  lony:  female  inflorespenee  shortly 
racemose  or  paniculate,  mostly  axillary  on  the 
erect  stems.  Flowers  unisexual,  pedicellate,  peri- 
anth up  to  2  mm  lung;  male  flowers  with  5  te- 
pals  and  stamens;  female  flowers  with  4  tepals 
and  superior  1-oelled  ovary,  stigma  3-branched. 
Fruit  an  ovoid  achene  up  to  ^  mm  long. 
Laporfpo  comprises  22  species  the  majority  of 
them  in  Africa  and  Madagascar.  Several  spe- 
cies are  used  as  vegetables,  for  their  fibre  and 
HI  t  l  adit  ional  medicine. 

£cology  Laportea  ovalifolia  occurs  in  forest, 
also  in  swamp  forest  and  along  streams,  at 
900-2000  m  altitude.  It  can  be  veiy  common  in 
disturbed  habitats  such  as  cleared  forest 
patches,  fallow  land  and  close  to  habitation. 

Management  Laportea  walifoUa  is  a  nox- 
ious  weed  in  [leronnial  cTops  Budi  as  cacao,  oil 
palm  and  bananas. 

Genetic  reaources  and  breeding  Laportea 
ovaUfoHa  has  a  wide  distribution  and  is  often 
ver\'  common  in  disturbed  habitats.  Therefore 
it  IS  not  at  risk  of  genetic  erosion. 

Proapeots  Laportea  ovalifoUa  will  continue 

to  be  of  local  use  as  a  vegetable.  Some  other 
Laportea  species  are  obvious  candidates  for 
pharmacological  investigations,  and  if  the  re- 
sults are  promising,  attention  may  be  drawn  to 
hapnrloa  omli folia  as  well- 
Major  references  BurkiU,  H.M.,  2000; 
Friis,  I.,  1989a;  Ruffo,  O.K.,  Bimie,  A.  & 
Tengnas.  B  2002. 

Other  references  Chew,  W.L.,  1967;  Leung, 
W.-T.W..  Busson,  P.  &  Jardin,  C,  1968;  van 
Valkenburg.  J.L.C.H.,  2001. 
Authors  C.H.  Bosch 

Lasimobphasenegalensis  Schott 

Protologue  Bmiplandia  5(8):  127  (1857). 
Family  Araceae 

Chromosome  number  2ii  =  20 

Synonyms  Lasiinorpha  afzelii  Schott  (1858), 
Cyrto8perma  smegqletue  (Sdiott)  Engl.  (1879). 

Vernacular  names  Swamp  arum  (En). 
Grand  arum  du  Senegal,  taro  des  marais,  mats 
des  esprits  (Fr). 

Origiu  and  geographic  distribution  Lasi- 
innrpha  urtiPgalr'nMs  occurs  from  Senegal  to 
Chad,  Central  Mrican  Republic,  DK  Congo  and 
Angola.  It  is  not  known  from  East  Africa. 

Usea  The  young  leavea  of  Lasimorpha  aaie- 
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galensis  are  entcn  os  a  vegetable  in  (labon; 
they  are  collected  from  the  wild.  In  Sierra 
Leone  the  young  leaf  is  eaten  as  a  famine  £bod, 
and  as  an  ingredient  of  palaver  saiioe 
In  Congo  the  leaves  are  given  to  women  during 
childbirth  to  aooelerate  delivery.  In  Cote 
(llvdirc  till'  leaf  sap  has  been  taken  orally 
against  hiccups.  In  Gabon  the  rhizomes  are 
used  to  treat  ulcers.  A  decoction  is  analgesic 
and  sedative.  In  Congo  it  is  taken  as  cough 
cure  (one  teaspoon)  .nmi  in  larcer  doses  to  treat 
nervousness  and  agitation,  in  southern  Nigeria 
the  fruits  are  an  ingredient  of  remedies  for 
gonorriioea  and  dysenten,-.  In  Sierra  Leone  and 
Gabon  salt  is  extracted  from  the  ashes  of  burnt 
plants.  In  some  parts  of  Gabon  the  leaves  are 
Used  tu  wrap  dumplings  of  tapioca  flour. 

Botany  Large  herit  with  a  short  and  thick 
rhizome,  vigorously  stolonil'erous.  Leaves  m  a 
tuft,  simple;  petiole  erect,  spiny,  0.5-1  (—2)  m 

long;  blade  sngittntr  20-.5()(-l 00)  rm  ^ 
10)  cm,  basal  lobes  acuminate.  Inflorescence  a 
cylindrical,  purplish  spadix  up  to  12  cm  long, 
endosed  by  a  spathe  up  to  45  cm  long,  spathe 
greenish  outside,  whitish  with  purple  streaks 
mside;  peduncle  1— 1.5(— 2.5)  m  tail,  spiny,  soli- 
taiy,  emei^g  from  the  leaves.  Flowers  bisex- 
ual <(-ssile  and  tightly  packed  on  the  sjiadix-  4(- 
5)-merous;  tepals  free;  stamens  free  or  connate; 
ovaiy  superior.  1 -celled.  F^it  aa  inetjulariy 
globost-  berry  c.  ].r>  cm  long,  red,  1-4-Beeded. 
Seeds  strongly  curved,  brown  warty. 
LaMmorpha  comprises  a  single  species  and  is 
the  <mly  African  representative  of  subfamily 
L<isiiii<lr<t<'  consisting  of  10  ui  ticra  It  seems 
most  closely  related  to  Cyrtospeiina  from  Asia. 

Ecology  iMsitnorpha  seitegalensia  occurs  in 
swamp  forest,  along  streams,  tn  ditches  and 
ponds,  often  very  rihund,int 

Genetic  resources  aud  breeding  Lasi- 
morpha  senegalentis  is  quite  common  in 

s\\rim]>y  arras,  whore  it  forms  lari^c  jiopiila- 
tions  due  to  its  strong  development  of  under- 
ground Budsers.  No  collections  of  genetic  re- 
sources  are  known.  The  q>ecies  is  not  in  danger 

of  iicnd  I''  cmsifin. 

Prospects  iAiHtiiiurpliu  senegaU'Hsis  does 
not  seem  to  have  great  potential  as  a  vegetable. 
The  possibilities  for  its  use  as  an  indoor  pot 
plant  in  temperate  climates  or  as  garden  pond 
ornamental  in  wanner  climates  seem  promis- 
ing. 

Major  references  Burkill,  H.M..  198.'5: 
Raponda-VValker,  A.,  1953;  Raponda-VValker, 
A.  &  Sillans.  R..  1961. 

Other  references  Boos,  J.,  2003;  Bouquet, 


A.,  19<j9;  Bouquet,  A.  &  Debray,  M..  197  J;  Dal- 
ziel,  J.M.,  19.37.  Mayo,  S.J.,  Bogner.  J.  &  Boyce, 
r  t\.  I'.i!t7  \  anden  Berghen,  C,  1988. 
Authors  W.J.  van  der  Burg 

Laux AEA  CORNUTA  (Hochst.  ex  Oliv.  & 
Hiern)  CJeffrey 

Protologue  Kew  Bull  IS:  4(>8  (1966). 

Family  .\steraceae  (Compositne) 

Chromosome  uiuuber  2/i  =  10 

Synonyms  Sonehus  eomtUus  Hocfast.  ex 
Oliv.  &  Hiern  (1877).  SmicJuia  nxauneuJatUS 
(Oliv.  &  Uiem)  O.  lioftm.  (1895). 

Vernaenlar  nunea  Bitter  lettuce  (En).  Lai- 
tue  amere  (Fr).  Mtaunga  (Sw). 

Origin  and  geographic  distribution  f.'iii- 
naea  coma  la  is  distribut  ed  from  Nigeria  east 
to  Djibouti  and  Somalia  and  south  to  Zim- 
babwe and  Mir/amhiqup.  It  is  mainly  used  as  a 
vegetable  in  East  Africa. 

Uses  The  leaves  of  bitter  lettuce  are  cooked 
and  eaten  with  amaranth,  pumpkin  or  oowpea 
leaves.  \\'heti  there  are  no  other  vegetables 
present  to  mi.\  bitter  lettuce  with,  people  re- 
place the  cooking  water  to  reduce  the  bitter 
taslc.  Bitter  Ii'duce  is  an  important  vegetable 
for  the  Giriama,  Kamba,  Taita  and  other 
coastal  tribes  in  Kenya  and  Somalia,  and  also 
for  the  Sambaa  people  of  Tanzania's  Usambara 
Mountains.  In  these  areas  especially  amongst 
the  Giriama  people,  it  has  several  ceremonial 
uses.  Coastal  people  believe  that  it  can  prevent 
and  cure  inal;u-ia.  wherea-^  penplc  with  stmn- 
ach  problems  or  ulcers  should  nut  eat  it.  The 
rhizomes  are  used  in  Malawi  and  Tanzania  as 
a  cure  against  venereal  diseases  and  hook- 
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worm.  In  Kenya  and  Tanzania  the  roots  are 
chewed  in  case  of  swollen  testicles,  they  are 
boiled  to  make  a  drink  against  cough  and  ty- 
phus, and  an  infusion  of  the  root  is  used  as  an 
eye  wash  and  agauist  earache.  In  Kenya  a  de- 
coction of  the  whole  plant  is  used  externally  to 
treat  measles.  In  Sudan  it  is  used  to  give  a 
bitter  taste  to  beer.  The  leaves  are  fed  to  cattle 
in  Tanzania  to  increase  the  milk  yield. 

Production  and  international  trade  The 
leaves  are  mostly  collecl ed  from  the  wild,  hut 
some  cultivation  takes  place  in  Ethiopia,  Soma- 
lia, Kenya  and  Tanzania,  mainly  in  home  gar- 
dens  Of  late,  production  in  a  pt  ri-urhan  envi- 
ronment for  city  markets  is  emerging.  This 
vegetable  is  ftiequently  found  on  local  markets 
in  the  coastal  zones  of  Ken,\a  and  Tanzania, 
and  also  in  the  Usambara  Mountains,  but  no 
cross-border  trade  is  known  to  take  place. 

Properties  The  nutritional  composition  of 

yoiinp  I.aiinnea  cnrinila  leaves  is  pej-  100  p 
edible  portion:  water  86.8  g,  protein  3.9  g,  fat 
0.9  g,  caibohydrate  4.5  g,  Ca  214  mg,  P  13.2 
mg,  Fe  7  2  mg,  ascorbic  acid  18  7  mg  (Ndossi, 
G.D,  &  Sioeramulu.  N..  1991)  Tlie  leaves  con- 
tain a  milky  white  fluid  and  are  generally  bit- 
ter in  taste,  although  there  are  some  selections 

that  are  referred  to  n-^      i  i  t 

Adulterations  and  substitutes  The  leaves 
of  bitter  lettuce  can  be  replaced  by  Sonehm 
oleraceus  I.,  or  J.oimaea  taraxacifoUa  (Willd.) 
Amin  ex  ('.Jeffrey  leaves. 

Description  Perennial  herb  up  to  100(-150) 
cm  tall,  with  creeping  root  system;  stem  erect, 
hollr)W  slitjhfly  trlaucous,  Leaves  at  base  of 
plani  m  a  rosette,  alternate  on  stem,  without 
stipules,  sessile,  obovate  or  broadly  spatulate 
to  narrowly  elliptical  or  lanceolate  in  outline, 
2—25  cm  X  0.5-8  cm  simple  tn  deeply  pinnafi- 
fid,  lower  leaves  tapering  at  base,  higher  ones 
auriculate,  toothed.  Inflorescence  a  1&-27- 
flowered  head  arranged  in  a  divaricately 
branched,  bracteate  synflorescence;  peduncle 
0.5-2.5  cm  long,  often  with  stalked  glands; 
involucre  with  imbricate  outer  luMcts  and  a 
single  row  of  longer,  linear-him  i  lil/ite  inner 
bracts  8-1^  mm  long.  Flowers  all  ligulale;  co- 
rolla with  tube  c.  0.6  cm  long  and  ligule  c.  1  cm 
long,  pale  yellow:  stamens  5,  anthers  united 
into  a  tube,  blackish  yellow;  ovary  inferior,  1- 
oelled,  style  2-branched.  Fruit  a  cylindrical  to 
fusiform  achene  2,5-4.5  mm  long,  ribbed, 
crowned  by  white  pappus  hairs  5-7  mm  long. 

Other  botanical  information  Launaea 
comprises  about  55  species  and  occurs  in  Afiica 
and  south-western  Asia,  but  a  single  species 


(Launaea  iiilyhacea  (Jacq,)  Beauverd)  has  been 
introduced  and  naturalized  in  the  Caribbean  re- 
gion and  Central  America.  Northern  and  eastern 
Africa  are  particularly  rich  in  species  LniiiKifii  is 
placed  in  tribe  Lactuceae  subtribe  Soitchiiiae, 
together  with  e.g.  Reiehardia  and  Samefaia. 

Growth  and  development  Seed  germi- 
nates within  a  few  days.  After  emergence,  the 
young  plant  develops  a  rosette  of  leaves.  A 
leafy  flowering  >\;i\k  is  soon  fionned.  In  Kenya 
and  Tanzania  llowering  is  year-round.  Plants 
are  self-fertile.  After  fruiting  new  growth  de- 
velops from  the  base  of  the  stem  and  from  the 
root.  Even  during  the  dry  season  the  plants 
form  new  rosette  leaves  and  they  keep  produc- 
ing new  shoots  from  the  roots  for  several  years. 

Ecology  Launaea  corn  u  la  grows  in  dis- 
turbed lotalities  such  as  roadsides  or  as  a  trou- 
blesome weed  in  perennial  plantations  of  trees 
or  shrubs.  It  can  also  be  found  in  grassland.  It 
is  most  common  in  the  hot  lowland  co.istal 
zones  of  East  Africa  and  near  the  great  lakes 
and  less  common  in  hi^iland  areas  up  to  2300 
m  altitude.  It  prefers  sandy  soils  in  relatively 
dry  localities  but  also  grows  ou  loam  and  even 
black  cotton  soils. 

Propagation  and  planting;  Bitter  lettuce 

can  be  i>r(i[)agated  veget at  ively.  People  may 
select  ])l:ints  from  the  wild  that  are  sweet  or 
only  slighily  bitter,  and  plant  these  in  their 
garden.  Some  gardeners  split  the  roots  from 
carefully  selected  plants  to  produce  a  number 
of  new  plantlets  and  thus  create  a  uniform  crop 
of  the  desirable  type. 

Management  Care  should  be  taken  to  pre- 
vent bitter  let t m  e  s|)readmg  as  a  weed. 

Harvesting  People  select  young,  large  ro- 
sette leaves  because  older  leaves  and  small 

stem  leaves  are  usually  tort  bitter. 

Genetic  resources  Launaea  cornuta  is  a 
common  weed  not  threatened  by  genetic  ero- 
sion. Selections  of  less  bitter  types,  made  by 
farmers,  are  readily  available. 

Prospects  Lmmaea  eonuiUt  is  quite  a  popu- 
lar wild  vegitnlil.  ;[i  Ivist  .\fiica.  Domestication 
is  taking  place  localK  Bitter  lettu<v  merits  at- 
tention in  agronomic  research  and  breeding. 

Mi^o'  references  Agnew,  AD.Q.  &  Agnew, 
S.,  1994:  Burkill,  H,M.,  1985;  Kilian,  N.,  1997; 
Leung,  VV.-T.VV.,  Busson,  F.  &  Jardin,  C,  1968; 
Maundu.  P.M..  Ngugi,  G.W.  &  Kabuye,  C.H.S., 
1999;  Schippers^  RR.,  2002a, 

Other  references  Beentje,  H,J.,  2000; 
Kokwaro,  J.O.,  1993;  Ndossi,  G.D.  &  Sreera- 
mulu,  N..  1991;  Pope.  G.V.,  1992. 

Authors  R.R.  Sdui^rs 
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LAUNAEA  TARAXACIFXJUA  (VVilid.)  Amin  ex 
C.Jellrey 

Protologue  Kt  w  Bull  18  174(1966). 

Family  Asteraceae  (Compositae) 

Chromoaome  number  2n  =  18 

Synonyms  So/(<7i//,>i  turtixdcifoliu.i  WiUd. 
(1804),  Lacluca  taramcifolia  (Willd.)  Schumach. 
ex  Homem.  (1819). 

Vernacular  names  Yanrin,  African  lettuce, 
wild  lettuce  fEn)  T.nnjiur  do  varho  (Fr) 

Origin  and  geographic  distribution  Lau- 
naea  tanmicifoUa  occurs  from  Senegal  east  to 
Kthii)])ia  and  Tanzania.  The  Kthiopian  high- 
lands have  been  suggested  as  the  place  of  ori- 
gin, from  where  it  was  mtroduced  elsewhere 
and  spread  as  a  weed.  Launaea  taraxacifolia 
has  been  domestitated  as  a  leafy  vegetable  in 
Nigeria,  and  is  alsu  cullivated  locally  in  Sene- 
gal and  Benin. 

Uses  Yanrin  leave  s  are  enton  fresh  as  a 
salad  or  cooked  in  soups  or  sauces.  Amongst 
the  Yoruba  people  in  Nigeria  soup  made  of 
yanrin  leaves,  called  efo  yanrin'  is  popular. 
Wild  yanrin  has  liarti  leaves  that  are  verv'  bit- 
ter, whereas  leaves  of  cultivated  types  are 
more  tender  and  less  bitter.  In  northern  Nige- 
ria jtlants  are  fed  to  niirsinp  tattle  to  increase 
milk  production,  and  yanrm  is  given  to  live- 
stodc  to  induce  multiple  birilis.  A  leaf  extract 
mixed  with  breast-milk  of  a  nursing  mother  is 
administered  medicinally  to  cure  partial  blind- 
ness result mg  Irora  sziake  spit.  In  Benin  it  is 
used  as  a  febrifuge.  In  Ghana  the  leaves  are 
rulilied  (in  the  limbs  <if  backward  children  to 
induce  them  to  walk.  In  Nigeria  the  plant  is 
stnuetimes  burnt  for  its  ashes,  which  are  used 
as  vegetable  salt. 


•     Av  T  ! 


Launaea  taraxaeifoUa  -  wild  taid  planted 


Production  and  international  trade  Yanrin 
is  mostly  collected  from  the  wild  and  only  cul- 
tivated to  a  limited  extent  for  home  use  and  for 
lec.il  markets  Bundles  of  fresh  yanrin  le,'i\e< 
soaked  in  water  and  cooked  leaves  packed  in 
balls  can  be  found  at  local  Nigerian  markets. 
There  are  no  recurds  en  production  and  trade. 

Properties  The  composition  of  yanrm  leaves 
per  100  g  edible  portion  is:  water  84.3  g,  energy 
184  kJ  (44  kc  al)  protein  3.2  g,  fat  0.8  g,  carho- 
hydrate  8.3  g,  fibre  2  0  p  ('a  ;]2(;  mg,  P  58  mg 
(Leung,  W.-T.VV.,  Busson,  F.  &  Jardin,  C, 
1968). 

In  tests  with  animals  in  Ghana,  leaves  of 
Laiinaca  taraxacifolia  showed  a  cholesterol- 
lowering  effect. 

Description  Perennial  herb  up  to  150  cm 
tall-  with  creepini;  root  system:  stem  erect, 
often  woody  at  base.  Leaves  at  base  of  plant  in 
a  rosette,  alternate  on  stem,  without  stipules, 

sessile,  spatulate  to  eiliyiliral  in  outline,  4—20 
cm  X  (0.5-)l-9  cm,  simple  to  pinnatifid,  lower 
leaves  tapering  at  base,  higher  ones  auriculate, 
toothed.  Infloresceni  >  i  l:^-22-flowered  head 
arranged  in  a  branched  <\  nflnrescence:  pedun- 
cle up  to  1  cm  long;  mvolucre  with  imbricate 
outer  bracts  and  a  single  row  of  6  longer,  lin- 

ear-lanceolale  inner  bracts  <S-12  mm  Umu 
Flowers  all  Ugulate;  corolla  with  tube  c.  5  mm 
long  and  ligule  6-7  mm  long,  golden  yellow; 
stamens  .inthers  united  into  a  tube;  ovaiy 
infefinr  1 -celled,  style  2-branrhed.  Fruit  a  cy- 
Imdncal  to  fusiform  achene  3-5  mm  long, 
slightly  beaked,  ribbed,  crowned  by  white  pap- 
|;u-:  li.in  -        turn  long. 

Other  botanical  information  Launaea 
comprises  about  66  species  and  occurs  in  Africa 
and  south-western  Asia,  but  a  single  species 
(jAiunaea  intybacca  (Jacf).)  Beauverd)  has  been 
introduced  and  naturalized  in  the  Caribbean 
region  and  Central  America.  Particularly 
northom  and  eastern  .Xfricn  is  rich  in  sfiei-i<'s 
Launaea  is  placed  in  tribe  Lactuceae  subtribe 
Sonekinae,  together  with  e.g.  Reiehardia  and 
Sonehua. 

Growth  and  development  .\fter  the  se.>ds 
have  gennmuted,  the  young  plants  iniUuily 
form  a  rosette  of  leaves.  Thick  roots  develop 
later  on  in  the  season.  In  cidti\-ation  these  are 
left  in  the  ground  during  the  dry  season.  From 
the  onset  of  the  rainy  season,  new  rosettes  are 
formed  along  the  roots.  The  rosette  leaves  are 
most  liked  as  n  vegetahlo  in  the  cnrfy  stages  of 
growth  when  they  are  not  yet  very  bitter.  A 
flowering  dioot  develops  from  the  rosette,  and 
the  stem  leaves  are  less  appreciated  because 
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fjiiinard  laraxnci f<i1uj      1.  basal  part  of  pUmi; 

2,  floueriiig  branch;  3,  /ruil. 

Redrawn  and  adapted  by  lakak  Syamsudin 

thoy  arc  vory  hit  tor  rsporially  as  thoy  got 
older.  Seed  can  be  collected  about  3—1  months 
after  sowing.  'Hie  pappus  attadied  to  ihe  fruits 
allows  their  dispors;!!  hy  wiii'l  Thi-  giTinina- 
tion  percentage  lu  low,  which  is  compensated 
for  by  the  production  of  thousands  of  seeds  per 
plant. 

Ecology  I.aiiiKii'd  tartixarifniia  is  froqiiontly 
found  in  disturbed  localities  m  open  savunnu 
vegetation.  Only  in  Ethiopia  is  it  recorded  from 
undisfiirhoH  lornlitios  in  grassland  with  spat- 
tered trees  at  1300-1700  m  altitude,  it  seems 
to  prefer  slightly  humid  conditions.  Latuiaea 
taraxacifolia  is  often  refern-d  tn  as  a  dr\'  sea- 
son vegetaliliv  It  toiersites  drousiht  nither  well 
and  can  also  grow  on  poor  soils  with  u  low  wa- 
ter table.  It  prefers  altitudes  of  600-1000  m 
rather  than  the  InwlanH  rcfjions  The  plants 
need  a  sunny  place  and  do  not  tolerate  shade. 

Propagation  and  planting  Removing  the 
pappus  from  the  fruits  is  a  oumbeisaome  prao- 
rss  ami  smrr  tho  seed  perminntion  porcentnpe 
IS  rather  low,  vegetative  propagation  usmg  the 
roots  is  common.  Roots  are  cut  in  pieces  of 
about  10  cm  length  and  these  are  planted  hori- 


zontnlly  and  entirely  covered  with  soil;  30^0 
cuttings  may  be  planted  in  a  bed  of  10  m^. 

Management  Yanrin  dues  not  need  much 
management  because  of  its  low  water  require- 
ment. Once  the  plant  has  developed  and  starts 
producing  leaves,  regular  harvesting  is  recom- 
mended. Little  i<  known  about  the  plant's  re- 
sponse to  manure  and  fertilizer  appUcations. 
Organic  manure  encourages  production  of 
(jualiiy  l<>aves  und(>r  irrigation.  A  yanrin  crop 
.should  1m  ki  ]it  un  lcr  control  borause  it  can 
easilj'  become  a  persistent  weed  with  its  per- 
ennial root  qrstem. 

Diseases  and  pests  Grey  mould  (CoJli'to- 
trichum  sp.)  can  kill  fully-grown  plants,  with 
devastating  effect  especially  whoi  the  crop  is 
i^i'w  a  in  the  shade. 

Harvesting  Young  large  leaves  from  the 
rosettes  are  picked.  Consistent  harvesting  of 
leaves  promotes  the  production  of  new  leaves 
and  delays  the  initiation  of  flowering  stems.  .\s 
soon  as  these  develop,  production  drops  and 
the  leaf  size  and  quality  deteriorate. 

Ti^d  From  a  well-managed  bed  of  10  m^  one 
may  expect  1.5-20  harvests  during  a  6-7  month 
period,  with  a  total  yield  of  20  kg.  The  seed 
yield  is  0.3-0.6  kg  per  bed  (before  cleaning). 

Handling  after  harv-est  .\fter  the  leaves 
have  been  harvested,  they  are  either  used  fresh 
or  they  are  boiled  and  rolled  into  balls  for  sale 
at  the  market. 

Genetic  resources  .\  limiteil  number  of 
germplusm  accessions  ^i-oot  cuttmgs)  collected 
in  1999  were  established  in  the  CENRAD  live 
genehank  in  Nigeria  for  evaluatiim  and  nhser- 
vation.  As  long  as  no  improved  cultivars  are 
available,  there  is  no  danger  of  genetic  erosion 
of  farmers'  selections.  Sampling  and  research 
of  the  piifativejy  wild  populations  in  Ethiopia 
ma}  reveal  the  origin  and  genetic  variabUity  of 
this  vegetable. 

Breeding  There  is  an  urgent  need  for  breed- 
mg  and  selection.  Other  than  some  farmers 
making  their  own  selections,  no  breeding  work 
is  currently  being  dome  on  yanrin. 

Prospects  Yanrin  is  one  of  the  traditional 
leafy  vegetables  that  is  important  especially  in 
Nigeria.  Selection  of  plants  with  tender  leaves 
of  linv  hi(lf>rness  wnulH  inrrense  its  popularity. 
Agronomic  research  is  needed  to  further  its 
dome8ticati<m^.  Research  into  its  cultivation  as 
a  vegetable  and  into  the  medicinal  properties  of 
this  plant  is  warranted. 

Major  references  Adebisi,  A.A.  &  Ladipo, 
D.O.,  2000b;  Buridll.  H.M.,  1986;  Kilian.  N., 
1997;  Leung.  W.-T.W.,  Busson,  F.  &  Jardin.  C, 
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19G8;  Schippers,  R.R.,  2000;  van  dorZon,  A.P.M- 
&  Giubben,  G.J.H.,  197G;  van  E^penhuijseii, 
C.VV,.  1974. 

Other  references  l^mn j,..  2000. 

Sources  of  iilustratiou  Berhaut,  J.,  197 1; 
BuBSOQ,  R,  1965. 

Antiiors  A  A.  Adebisi 


Lemuropisum  EDULE  H.Perrier 

Protologue  Bull.  Soc.  Bot.  France  85:  191 
(1939). 

Family    Caesalpiniaoeae   (Leguminosae  - 
Caesalpinioideae) 
Vernacular  namea  Tara  nut  (En).  Tara 

(Fr). 

Origin  and  geographic  distribution  Li-- 
inuiopisuin  edule  is  restricted  to  the  musl 
southern  part  of  Madagascar  with  two  disjunct 

population.^  >omc  00  km  .-)j)art.  Cine  population 
is  known  near  Itampolo  and  the  second  around 
Lake  Taimanampetsotsa. 

Uaea  The  immature  fruits  of  LemuropUaim 
edule  pro\  iilf  a  local  food.  Seeds  are  eaten  raw. 
after  discarding  the  brittle  testa.  They  are  ap- 
parently not  used  in  cooking.  CSoats  browse  the 
shrubs  when  there  ia  little  else  to  eat;  they  also 
eat  the  seeds. 

Pn^ertiea  The  flavour  of  green  seeds  of 
Ltmuropiaum  edule  is  rominisoent  of  fire^ 
pardon  pons.  The  mtylrHons  arp  ngropably 
sweet  with  a  cashew-like  flavour,  smooth  con- 
siatency  and  a  flexible,  rather  plastic  texture. 
The  seeds  contain  .'^R-i:!*!!!  available  carbohy- 
drates, 26-32%  unavailable  carbohydrates,  14— 
26%  protein  and  6-9%  fat.  However,  the  inges- 
tion of  100  g  kernels  (c.  8.'j  raw  seeds)  may  in- 
hibit human  proHiirtinn  of  chymotPk-psin  and 
cause  digestive  upsets;  this  may  be  reduced  by 
cooking  or  roasting.  Per  100  g  dry  matter, 
seeds  contain  1-5  g  trans-.'^-hydroxy-L-proIine, 
mature  leaves  1-2  g.  Hydroxj'proline  showed 
potent  antifeedant  activity  against  larvae  of 
Spodopleni  spp.  It  is  cytotoxic  to  human  fibro- 
lilast  i-clls.  A  second  iiotentially  toxic  amino 
ucid,  azelidine-2-carboxylic  acid,  has  been 
identified  in  the  seed.  Consumption  of  small 
quantities  is  unlikrly  to  cause  poisoning,  but 
the  long-term  physiological  effects  still  need  to 
be  assessed. 

Botany  Shrub  up  to  n  m  tall,  many- 
stemmerl  and  much  branched,  lateral  shoots 
terminating  m  rigid  spmes.  Leaves  alternate, 
in  tight  clusters,  paripinnate  with  1-4  pairs  of 
leaflets;  stipules  small,  caducous;  leaflets  ovate 


to  orbicular,  .3. .5-6  mm  long.  Inflorescence  an 
axillarj'  raceme.  Flowers  bisexual  almost  regu- 
lar, 5-merous;  calyx  with  leather}-  lobes:  ])etals 
free,  clawed,  the  upper  ones  slightly  busier, 
white,  tinged  yellow;  stamens  10,  free;  ovary 
superior,  sessile,  1-oelled,  style  slender,  stigma 
punctate.  Fruit  a  pendent.  r(iinj)nsscd- 
cylindrical  pod  20—30  cm  x  2  cm  constricted 
between  the  seeds,  densely  gre.\  ])ube8oent, 
spirally  dehiscent  with  2  valves,  G-l(>-seeded. 
Seeds  ovoid-reniform,  c  2  r>  cm  x  1.5  cm,  seed- 
coat  cream-whit«,  thin  and  brittle. 
Lemuropisiim  comprises  a  single  species  and  is 
closely  related  to  Colvillea  iiml  Delonix  Two 
growth  ibrms  have  been  distinguished:  a 
spreading  shrub  and  a  less  common,  compact 
shrub  with  erect  branches. 

Ecology  Leinuiopinuni  ediile  appears  to  be 
confined  to  an  exposed  seaward-facing  rocky 
limestone  escarpment  and  sandy  soils  immedi- 

atel}'  below  them,  at  1.5-100  m  altitude.  The 
rainfall  in  the  area  is  bimodal  and  very  erratic, 
with  an  annual  average  of  less  than  400  mm. 
The  average  temperatures  are  27*C  in  summer 
and  20°C  in  winter.  In  cultivation  the  plant 
prefers  alkaline  soils. 
Management  Lemuropimm  edule  is  not 

cultivated  in  Mndapascar  nor  sold  on  local 
markets.  The  species  has  been  under  investiga- 
tion as  a  potential  ( rop  in  western  Australia. 
Seed  n  (!  1  stored  nt  low  temperatures 
and  low  rd.ii  n.  l  umidity  They  can  be  .sown  in 
20  cm  long  bags.  Liermination  is  rapid  after 
soaking  for  10  hours.  Aerial  growth  is  charac- 
teristically zigzag  with  rapid  development  of 
side  branches,  requiring;  plants  to  be  well 
spaced  in  the  nurserN  lo  ])revent  entanglemoit. 
iSransplanting  can  be  done  after  3  months  at  a 
spacing  of  1  m  x  J  m. 

Genetic  resources  and  breeding  The  dis- 
tribution of  Lemuropisum  edule  is  restricted 
and  fragmented.  The  sprcios  is  tbrcafonod  by 
intensive  grazing,  especially  in  the  main  popu- 
lation site  around  Itampolo.  It  is  therefore 
dasaified  as  endangered  by  lUCN. 

Prospects  Leitniropi'suin  edule  has  potential 
as  a  vegetable  for  and  areas  if  to.vicily  barriers 
are  overcome.  It  has  further  potential  for 

windbr<  :)l\s  and  hcdjirs.  A  survey  of  the  extent 
and  the  genetic  variation  of  the  natural  popu- 
lations and  measures  for  its  conservation  are 
required.  Other  obvious  steps  are  to  establish 
provenance  trials,  to  .select  high-yielding  toxin- 
free  trees  and  to  evaluate  the  two  growth 
forms.  The  potential  for  micn^n^agation  and 
production  in  arid  regions  in  the  tropica  needs 
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to  bo  investigated,  as  well  as  its  agronomic 
requirements. 

Prolines  are  promising  for  treating  excessive 

collagen  product ii>n  in  huniMns  find  as  inhibi- 
tors of  tumours  that  i-equire  collagen  for 
growth.  Lemuropimm  edule  oould  provide  a 
usf  fill  soiii  r  c  of  proline  for  reyearch  purposes, 

Major  references  du  Puy,  O.J.,  Labat,  J.N., 
Rabevohitra,  R.,  Villiers,  J.-F.,  Bosser,  J.  & 
Moat,  J.,  2002;  du  Puy,  D.J.,  Phillipson,  P.B.  & 
Rnbovohitra.  R.  F.\()    in!)5   Kite  n.C, 

Plant,  A.C.,  Burke,  A.,  Simmonds,  M.J.S., 
Blaney,  W.M.  &  FellowB,  L.E..  1995. 

Other  references  Banks,  H.>  1997;  Schatz, 
G.E.,  2001. 
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Lki'iuiu.vi  sativum  L. 

Protologue  Sp.  pi.  2:  G  1 1  (1  75;i). 
Family  Brassicaceae  (Cruciferae) 
Chromosome  nmnber  2n  =  16,  24,  36 
Vernacular  names  Garden  cress,  pepper- 
grass  (En)   Cresson  alenois.  cresson  des  jar- 
dins,  cressunnetLe  (Fr).  Mastruyu  ordinanu, 
agriio  mouro  (Po). 

Origin  and  geographic  distribution  Thc> 
exact  orii^in  of  Lepidium  miivum  is  unknown 
but  is  thought  to  be  in  Ethiopia  and  neighbour- 
ing  countries  or  in  \v<  st  em  Asia.  Domestication 
presumably  took  phu  c  in  western  .\sia.  Culti- 
vation was  already  known  from  antiquity  in 
Greece  and  Italy,  possibly  also  in  Egypt.  At 
present  it  is  cultivated  all  dver  the  world,  ni- 
cluding  most  African  countries,  mostly  on  a 
small  scale  as  a  garden  crop.  It  can  also  be 
found  in  the  wild  as  an  escape  from  cultivation, 
but  it  is  not  known  whether  it  occurs  anywhere 
truly  wild. 

Uses  In  many  parts  of  the  world  seedlings  of 

Lepidium  .laliniin  are  used  in  s.ilnds  because 
of  their  pungent  taste.  Whole  fruits  or  seeds 
are  used,  fresh  or  dried,  as  a  seasoning  with  a 
peppen,'  flavour.  Boiled  seeds  are  consumed  in 
di  inks  l>y  Arabs,  either  ground  in  honey  or  as 
an  infusion  in  hot  milk.  The  seed  oil  can  be 
used  for  illumination  and  soap  making.  In 
Ethiopia  the  seed  and  it.s  oil  are  primarily  used 
medicinally,  but  also  as  condiment  and  in  bak- 
ing, although  the  odour  of  the  oil  is  not  pleas- 
ant. .A  paste  of  the  seeds  with  w  ater  is  fl^Ued 
to  chapped  lips,  and  also  ajrainst  sunburn  and 
other  skin  problems  of  humans  and  animals. 
The  paste  is  also  takoi  internally  with  honey 
to  treat  amoebic  dysentery,  and  given  to  ani- 


mals with  stomach  problems.  The  seeds  are 
chewed  to  treat  sore  throat,  counh,  asthma  and 
headache,  and  in  large  quantities  to  induce 
aliortion.  They  are  idso  applied  e.vternally  as 
an  msect  repellent.  In  Mauritius  pounded 
seeds  in  water  are  used  to  treat  hiooough  and 
stomach-ache.  In  India  the  seed  oil  like  mus- 
tard oil,  is  used  to  treat  hiooough  and  mtestinal 
problems.  The  pounded  seeds  are  poulticed  on 
the  skin,  ami  ha\-e  a  vesicant  and  soothing 
action  on  luuiscs  and  sprains.  The  seeds  are 
also  considered  galactagogue,  emmenagogue, 
laxative,  tonic,  diuretic  and  aphrodisiac.  The 
mucilape  of  the  germinating  sicd-;  allays  the 
irritation  of  the  intestines  in  d>'sentery  and 
diarrhoea.  Hie  seeds  are  a  panacea  in 
medecine  of  the  Maghreb.  The  aerial  parts  are 
used  in  the  treatment  of  :isthma  cough  and 
bleeding  piles.  Leaves  are  mildly  stimulant  and 
diuretic,  and  useful  in  scorbutic  diseases  and 
liver  complaints.  The  roots  are  used  against 
syphilis.  In  Europe  the  herb  is  used  to  treat 
cough  and  constipation,  as  a  diuretic  and  to 
improve  the  immune  system. 
Lepidiiiin  salinnti  is  extensndv  u<ed  as  a  test 
organism  in  plant  physiological  studies,  as  an 
uidicator  organism  to  examine  toxicity  levels  of 
environmental  pollutants  and  in  experimental 
studies  assessing  diverse  pathogens. 

Properties  The  nutritional  composition  of 
fresh  garden  cress  seedlings  is  per  100  g  edible 
portion:  water  8J>  g  energy  ]'.->\  kJ  (32  kcal) 
protem  2.6  g,  fat  0.7  g,  carbohydrate  5.5  g,  fibre 
1.1  g,  Ca  81  mg,  Mg  38  mg,  P  76  mg,  Pe  1.3  mg, 
Zn  n.2.T  mg.  vitamin  A  9300  IT,  thiamin  0.08 
mg,  riboflavin  0.26  mg,  niacm  1.0  mg,  folate  80 
pg,  ascorbic  add  69  mg  (USDA,  2002). 
The  stem  and  leaves  of  Lepidium  sativum  con- 
tain glucosinolates,  the  main  component  being 
glucotropaeolin  (benzylglucosinolate).  Upon 
steam  distillation  the  heib  yields  about  O.IM  of 
a  colourl(-^s  i-ssenfial  nil,  with  a  characteristic 
pungent  odour.  The  seeds  yield  about  25%  of  a 
yellowish-brown,  Bemi-dn,'ing  oil  with  a  pecu- 
liar, disagreeable  odour.  Tli  m!  is  rich  in  oleic, 
linoleic  and  uric  acids,  and  also  contains  imi- 
dazole alkaloids.  It  has  antio.vidanl  properties. 
Hie  seedcoat  of  germinating  seeds  contains 
much  mucilage,  which  has  an  allelopathic  sub- 
stance, lepidimoide.  The  effects  of  the  germi- 
nating seeds  were  studied  to  determine  the 
jiotential  for  slowing  down  the  hydrolysis  of 
.starch  to  glucose  in  diabetic  persons.  The  seeds 
significantly  lowered  the  glycaemic  response  to 
a  test  meal.  In  the  long  term  (21  days)  treat- 
ment of  diabetica  with  16  g  seeds/day,  there 
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was  a  significant  reduction  in  the  levels  of 
blood  glucose  at  the  end  of  study  period.  The 
ethanol  extract  of  the  seeds  showed  significant 

■niti-inflammatorv  effrets  jijjainst  ctirrageenan- 
miiuced  rat  paw  oedema,  at  a  dose  of  500 
mg/kg.  The  seed  oil  has  a  pronounced  oestro- 

genie  net  ivil y. 

The  antibacterial  action  of  Lepidium  sativum 
has  been  demonstrated  in  several  tests.  The 
extract  of  the  fresh  leaves  showed  strong  anti- 
bnrtorinl  artion  nirninsl  IluriUun  mibliliH  and 
Micrococcus  pyogenes  var.  aureus,  but  was  less 
effective  against  Eaeheriehia  eoU.  The  antibac- 
terial action  depends  largely  on  the  age  of  the 
plants  used.  An  antiviral  effect  against  the 
encephalitis  virus  Columbia  SH  was  demon- 
strated in  a  test  on  mice.  An  extract  of 
Lepidium  sativum  decreased  the  mutai;enic 
effects  of  a  number  of  pesticides,  using  Salinu- 
nelta  t^himurium  strains  as  test  organisms. 
The  lenvr  s  showed  significant  teratologic  e£fect 
in  tests  with  rats. 

Botany  Erect  annual  herb  up  to  80  cm  tall, 
more  or  less  glaucous:  stem  terete  or  finely 
striate,  profusely  linmcht  d.  glabrous.  Leaves 
alternate,  irregularly  pinnate,  up  to  12  cm  x  9 
cm;  petiole  up  to  4  cm  long;  leaflets  6-11,  in 
outline  ovate  or  obovate,  pinnatisect,  the  idti- 


Lepidium  sativum  -  1,  flowering  and  fruiting 
stem;  2,  basal  leaf;  3,  flower;  4,  seed. 
Sourve:  PROSEA 


mate  lobes  usually  irregularly  toothed,  .spar- 
sely hairy  above,  glabrous  below,  leaflets  of 
higher  leaves  gradually  becoming  linear,  upper 
leaves  usually  simple  and  linear,  sometimes 
lobed  or  with  teeth.  Inflorescence  a  termmal  or 
axillaty  raceme  1^  cm  long,  accrescent  to  25 
cm  when  fruiting.  Flowers  bisexual,  regular.  4- 
merous;  pedicel  1.5-4.5  mm  long,  ascending; 
sepals  ovate,  1—2  mm  long;  petals  spatulate 
with  short  daw,  up  to  3  mm  long,  white  or  pale 
pink:  stamens  H,  anthers  usually  puj-plish; 
ovary  superior,  flattened,  apex  emargmate, 
style  up  to  0.5  mm  long,  stigma  capitate.  Fruit 
a  rounr!  or  ovate,  flattened  dlique  4-6  mm  >'  3- 
5.5  mm,  pale  green  to  yellowiah,  margins  wmg- 
like,  apex  emarginate,  deluaeing  by  2  valves, 
usually  2-seeded.  Seeds  ovoid,  flattened.  2-3 
mm  lonj;.  pale  brown  to  almost  black  Seedling 
with  epigeal  germinaliun;  cotyledons  3- 
foliolate,  leaflets  spatulate,  lateral  ones 
smaller  than  oen  t  rn  I  on  r- 
Lepidium  comprises  about  150  species  and  is 
distributed  worldwide.  In  tropical  Africa  9  spe- 
cies can  be  found.  Because  of  the  great  v.n  i.ilul- 
ity  in  leaf  shape,  fruit  size  and  seed  colour, 
many  subclassil'ications  of  Lepidium  sativum 
have  been  published,  all  of  them  however, 

withf)ut  much  practical  value.  For  this  culti- 
vated species  it  would  be  more  appropriate  to 
distinguish  cultivars.  The  life  cycle  of  t  he  plant 
is  about  3  months.  The  flowers  of  /../j/Jium 
snftvntn  are  slightlj"  protogA'nous  and  have  a 
strong  odour,  attracting  numerous  insects  that 
promote  cross-pollination.  In  water,  the  seeds 
become  covci-ed  in  slime. 

Ecology  Lepidium  sativum  thrives  on  any 
rich,  light,  moisture-retentive  soil,  but  grows 
best  on  moist  loams.  It  can  be  grown  at  all  ele- 
vations throughout  the  year,  but  in  t?-opical 
regions  it  grows  best  in  the  cool  season.  It  is 
rather  drought  resistant.  In  tropical  Afirica  it  is 
grown  nt  7.50-2000  m  altituHr,  preferring 
cooler  localities  at  around  2400  m  altitude. 

Uaiuigemeiit  Lepidium  satimtm  is  usually 
grown  as  a  garden  cmp  tm-  >  x.unjjlc  in 
EJthiopia.  in  fields  mixed  \\i\h  let  or  Hax  For 
sprout  production,  the  seeds  are  sown  thickly 
in  rows,  covered  lightly  with  soil  or  not.  About 
10  Hays  after  germination  the  .seedlings  can  he 
harvested.  Plants  can  also  be  thinned  if  larger 
plants  are  preferred.  In  Europe,  the  sprouts 
are  sold  directly  in  the  small  boxes  in  which 
they  germinated.  For  seed  production,  a  few 
plants  are  left  till  the  seeds  are  fully  mature. 
The  plants  are  then  pulled  np,  dried  and 
threshed.  Serious  diseases  and  pests  are  not 
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known,  but  some  fungal  and  viral  infections 
have  been  recorded,  as  well  as  susceptibility  to 
nematodes. 

Genetic  resources  and  breeding 
Lepidium  saliiuiii  is  widely  cultivated  and 
shows  quite  some  variability.  It  does  not  seem 
lialilc  ti>  i:*'n.  i  ic  i'l-itnion. 

Prospects  Lepidium  satii  iiiii  will  remain  a 
minor  vegetable,  used  widely  but  in  small 
quantities.  The  glucosinolates  (ii-cst-ni  are 

known  to  displny  several  interestinu  i>h;irmn- 
oological  activities,  which  merit  further  re- 
search. In  addition,  the  mucilage  from  the 
seeds  show  s  an  interesting  effect  on  the  rate  of 
starch  hydrolysis,  which  might  be  promising 
for  tiie  treatment  of  non-insulin  dependent 
diabetes. 

Major  references  Brotonegoro.  S  &  \Vi- 
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LEPISTEMON  OWARIENSE  (I'.Beauv.)  Hallierf. 

Protologue  Ann.  Mus.  Congo,  Bot.,  s6r.  4: 

112  ( loo;;) 

Family  Convolvulaceae 

SynoBjnnB  Ipomoea  owariensis  P.Beauv. 

(1810),  Lrpi.sli-nim,  nfrir.n'mn  Til-v.  (1878). 

Origin  and  geographic  distributiou  Lepis- 
temon  oufarienae  is  widely  distributed  in  tropi- 
eal  Afru  it.  where  it  occurs  in  all  regions, 

Uses  In  south-eastern  Ghana  the  leaves  of 
Lepisleiiiun  ouariense  are  collected  from  the 
wild  and  eaten  as  a  cooked  vegetable. 

Botany  Glimbing  perenninl  herb  with  stem 
up  to  3  m  long,  covered  with  appressed  yellow- 
brown  bristly  hairs.  Leaves  alternate,  simple; 
stipules  abs<  lit  pi  tiole  up  to  15  cm  long,  hairj': 
blade  rorilnlc-ox  nte,  up  to  i'i  <  in  •  IG  cm,  base 
deeply  cordate,  apex  acute  to  emarginate,  mar- 
gin entire,  shallowly  lobed  or  ooarsdy  dentate, 
pilose  <m  both  surfaces.  Inflorescence  an  axil- 


lary, dense,  ses-silo  or  shortly  peduneled,  many- 
flowered  cj^me.  Flowers  bisexual,  regular,  5- 
merous;  pedicel  up  to  2.5  cm  long;  sepals  ovate 
to  elliptieal  c.  f>  mm  x  .1.5  mm.  usually  hairy; 
corolla  urceolate,  up  to  1.8  cm  long,  white,  con- 
stricted at  apex  of  tube,  limb  shortly  lobed,  up 
to  3  cm  in  diameter;  stamens  inserted  at  liase 
of  corolla  tube,  with  basal  part  of  fdaments 
dilated  into  large  concave  scales  arching  over 
th<>  ovan,-;  ovarj-  superior,  glabrous  to  hairy,  2- 
eelled,  style  veiy  short  stigmn  2-lobed.  Fruit 
an  ovoid-globose,  leatheiy  capsule  c.  1.5  cm  x 
1.2  cm,  covered  with  long  yellow  bristle-like 
hairs  indehiscent  or  bursting  irregularly,  4- 
seeded.  Seeds  subglobose,  c.  5  mm  in  diameter, 
grey -black,  glabrous,  shallowly  pitted. 
Lepialemon  comprises  about  10  species  and  is 
confined  to  the  Old  World  tropics,  with  2  spe- 
cies m  Africa. 
Ecology  Lepiatemon  owarimse  occurs  in 

lowland  rainforest,  riverine  forest  thickets 
savanna  woodland,  wasteland  and  as  a  weed  in 
cultivated  fields,  firom  sea-level  up  to  1400  m 

altitude. 

Genetic  resources  and  breeding  Lcpistc- 
inoH  uu  uiieiine  is  widespread  and  not  in  danger 
of  genetic  erosion. 

Prospects  I.ppi.slcinnii  nti  an'eii.ip  will  re- 
main a  minor  vegetable  of  local  use  only.  Its 
nutritional  compositkm  needs  invest  igation. 

Major  references  Buikill,  H.M.,  1985;  Gon- 
r.-ilvcN  1!I87 

Other  references  Verdcourt,  B,,  1963. 
Authors  P.C.M.  Jansen 


LEPTADENIA  HASTATA  (Pers.)  Decne. 

Protologue  DC.  l>rodr  8:  551  (1844). 
Family  Asclepiadaceae  (AI^G:  Apocynaceae) 
Synonyms  Cynanekum  ItMee^atutn  Polr. 

(1811),  CynaiirJunii  InticffaJiu  m  Scbiimnch.  & 
Thoim.  (1827),  LeptadeiUa  laiicifolia  (Schu- 
mach.  &  Thonn.)  Decne.  (1838). 

Origin  and  geographic  distribution  Lepta- 
(ti'iiid  iHtstald  is  uiddv  ilistnbuted  in  tropical 
.\irKu;  from  Mauritania  and  Senegal  east- 
wards to  Cameroon,  Ethiopia,  northern  E^ya 
and  to  I'tzandn  In  some  locations,  e.g.  locally 
in  Ethiopia,  it  is  also  cultivated. 

Uses  Everywhere  in  its  distribution  area, 
leaves,  ]^oung  shooiB  and  flowers  of  Li'i>t(t(l<'itia 
hnslala  are  eaten  as  n  cooked  vrgelable  and  in 
soups.  In  L  ganda  chopped  and  boiled  leaves 
are  mixed  with  beans,  pigeon  peas  or  cowpeas. 
In  many  parts  it  is  a  famine  food,  but  poor  peo- 
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pic  also  cnt  this  vegetable  in  normal  times.  In 
an  interview  on  the  preference  for  14  wild  her- 
baceous vegetables  held  in  Burkina  Paao  in 
1999,  Leptitdi'ii id  li<tst<ttti  rankcil  ■  its  taste 
was  considered  good,  and  its  tolerance  of 
drou^t,  insects  and  poor  soil  conditions  as 
v«y  good. 

The  plant  is  an  important  camel,  goat  and  cat- 
tle fodder.  Medicinally,  Lepiadetiia  haataia  has 
many  Mpplieations.  The  latex  is  applied  on 

wounds  nnd  put  in  ihe  nose  npninsl  hendnehe. 
Decoctions  and  macerations  of  roots  and  leaves 
are  apptied  (alone  or  in  combination  with 
preparations  of  other  plants)  ;it:;iinst  iilidomi- 
nal  complaints  such  as  constipation,  urethral 
disdiarge,  gonorahoea,  stomachache  and  diar- 
rhoea. In  veterinary  medicine  the  plant  is  used 
a^.-un^t  culic  in  horses  and  cattle. 

Properties  Fresh  leaves  uf  Leptadeiiia  has- 
fata  contain  per  100  g:  water  81  g,  energy  226 

kJ  (.5  1  krnl),  protein  4.9  r  fat  0.2  -j,  enrbnhy- 
drate  11,3  g,  fibre  4.7  g,  Ca  417  mg,  P  94  mg, 
Fe  5.4  mg,  vitamin  A  4915  mg,  thiamin  0.25 
mg,  riboflavm  0.3.5  mg.  niacin  1.9  mt;  asiorlue 
acid  78  mg  (Leung.  W.-T.W,.  nussun,  F.  &  Jai- 
dm,  C,  1968).  The  latex  contains  the  tnterpene 
lupeol  and  derivatives  of  it,  whidi  possess  anti- 

inflrimmntfjry  net  ivily. 

Botany  Climbmg,  latex-c-onlainmg  herb, 
becoming  woody  at  base,  with  strongly 
branched,  IHnely  pubescent  stems  becoming 
corky  with  fipe.  I.enves  opposite  simple-  petiole 
0.5-1.5  cm  long;  blade  variable,  usually  ovate, 
2.5—12.5  cm  x  0.5-4  cm,  base  rounded  to  cor- 
diite,  apex  acuminate  maigin  entire,  both 
sides  puberulous,  often  glabrescent.  InQores- 
oenoe  umbellate,  minutely  tomentoae  in  all 
partst  many-flowered;  pedunc  le  up  to  1.5  cm 
Innc  Flowers  bi.iexuni,  rrpular.  o-merous,  yel- 
lowish, scented;  pedicel  up  to  0.5  cm  long;  calyx 
lobed  nearly  to  the  base,  lobes  2-4  mm  long; 

eorolln  rotate-rnmpnnulnte:  tube  2  mm  lone, 
lobes  linear-lanceolate,  twisted,  4-5  mm  long, 
densely  bearded  inside;  corona  of  5  fleshy  lobes 
1-3  mm  long,  inserted  at  the  sinuses  of  the 
corolla,  aj>e.\  hairy.  Fruit  ti  pair  of  follicles, 
each  one  conical,  up  to  10  cm  long,  greenish, 
glabrous,  many-seeded.  Seeds  with  a  tuft  of 
hairs  at  .tjh  x 

Leptadeiiia  comprises  4  species.  Leptadenia 
pyroteehniea  (Forssk.)  Decne.  is  an  erect  leaf- 
less shrub  of  hot  arid  areas  from  Mauritania  to 
Eritrea  nnd  Somalia,  Egjpt  Israel  and  extend- 
mg  to  I'akistan.  The  other  3  species  are  twin- 
ing leafy  shrubs  (in  additi<m  to  LqtUidenia 
hastata  these  are  L^tadmia  (trborea  (Forssk.) 


Schweinf.  and  Leptadeiiia  ivticulnia  (Retz.) 
Wight  &  Am.).  The  identity  of  these  3  species 
is  not  clear.  In  fact  they  form  a  species  com- 

plex,  and  further  taxonomie  research  might 
i-eveal  that  they  should  be  considered  as  a  sin- 
gle species. 

Ecology  Leptadenia  lia.tlala  is  characteristic 
of  dry  savanna  vegetation  in  semi-arid  zones. 

Management  Propagation  of  Leptadenia 
haslala  is  by  seed  and  sometimes  it  is  inten- 
tionally sown  near  houses  sn  that  it  is  nvnilnbic 
when  the  need  arises,  in  some  parts  of  Ethio- 
pia the  fresh  vegetable  is  also  marketed. 
Leptadenia  tiasfala  is  fre(|uently  parasitized  by 
the  aphid  Aphia  iterii,  which  is  eaten  by  the 
coocinelid  Cydonia  vieinia.  Cydonia  oieuda  has 
been  used  in  biological  control  of  AgMa  crac- 
eivora  Apliis  siosnypii  and  Melanaphu  sac- 
eJtari,  which  are  said  to  cause  transmission  of 
rosette  disease  of  groundnut  and  to  attadc  sor- 
ghum and  rotton.  The  rullivntinn  of  parasitized 
Leptadenia  liaatata  in  areas  of  these  crops  has 
been  recommended  as  a  measure  to  generate  a 
population  of  the  predatory  coocinelid.  More 
research,  however,  is  needed  to  confirm  activity 
and  the  practicality  of  planting  it. 

Geuetie  resources  and  breeding  LeptO' 

(lenia  haslala  \<  \\  id«  s])rrrid  in  t  pop ical  Africa 
and  IS  not  in  clanger  of  genetic  erosion. 

Prospects  Leptadenia  hcuUtta  will  remain 
an  important  emergency  food  in  Africa,  still 
producing  under  circumstnnces  when  other 
plants  die.  Its  taste  and  nutritional  value  are 
considered  appropriate  and  fiirther  research 
seems  worthwhile  tn  deternuin'  supoiinr  geno- 
types and  possibilities  for  commercial  cultiva- 
tioQ.  Its  value  as  a  medidnal  plant  and  its  po- 
tential role  in  the  biological  control  of  several 
diseases  in  ernundnut  sorghum  nnd  cotton 
indicate  tht:'  need  for  further  investigations. 

Major  refecvnocB  Brown,  N.E.,  1902-1904; 
Bullock,  A.A.,  l9.^.^:  Burkill,  H.M.,  1985: 
Katende,  A.B.,  S.segawa,  P.  &  Birnie,  A.,  1999; 
Maundu,  P.M.,  Ngugi  G.W.  &  Kabuye,  C.H.S., 
1999, 

Other  references  Bullock.  A. A..  19(5;!:  Bus- 
son,  F.,  1965;  Dalziel,  J.M.,  1937;  Kerharo,  J.  & 
Adam,  J.G.,  1974;  Leung,  W.-T.W.,  Busson.  F. 
&  Jardin,  C,  19fi8;  Mertz,  O.,  Lykke,  A.M,  & 
Reenberg,  A.,  2001;  UN-EUE,  2001c. 

Aufhors  P.C.M.  Jansen 
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LUDWIGIA  ABYSSINICA  A-Rich. 

Protologne  Tent.  fl.  abyss.  1:  274  (1848). 

Family  nn;ier;ueae 

Chromosome  number  n  =  24 

Synonyms  Jussiaea  abyasiniea  (A.Rich.) 

Dandy  &  Divii;m  i  19."r)), 

Origin  and  geographic  distribution  LucJu  i- 
gia  abyaainiea  is  widespread  in  Africa,  occur- 
ring from  (luineaeast  to  Elhio{)ia,  nnd  south  lo 
Namibia  Botswana  and  South  Africa  (Natal); 
also  in  Madagascar. 

Us«s  In  DR  Congo  and  Malawi  the  leaves 
are  collected  from  the  wild  and  eaten  as  a 
cooked  vegetable.  In  Sudan  and  DR  Congo  the 
plant  is  used  for  the  producti<m  of  vegetable 
salt.  The  leaves  are  used  in  DR  Con^'o  fur 
dressing  wounds  and  eaten  to  treat  alulominal 
pains.  In  East  Africii  a  rout  decuctiun  is  used  lu 
treat  liver  diseases  and  intestinal  worm  infes- 
tafinns  in  children  The  leaf  sap  is  taken  orally 
to  prevent  abortion,  ("ooked  leaves  and  stems 
provide  a  black  liquid  that  is  used  for  dyeing 
straw  and  fibres. 

Botany  Stout  slightly  succulent,  erect  or 
straggling  herb  up  to  3  m  tall,  sometimes 
woody  at  base,  much-brandied,  almost  gla- 
brous. Leaves  alternate,  sinijtli  stijadcs  ab- 
sent; petiole  up  to  2  cm  long;  blade  lanceolate 
or  broadly  elliptical,  1.5-19  cm  x  0.6-4(-8)  cm, 
CUneatr  .U  base,  acute  at  apex,  pale  green 
above  n-ddish  below  lateral  veins  12-22  on 
each  side  of  the  midrib.  Inflorescence  a  short 
axillary  raceme,  2-17-flowered,  subtended  by 
reduced  leaves  Flowers  bisexual  icgular,  4- 
merous;  sepals  triangular,  1.5-3  mm  x  0.6-1 
mm;  petals  nearly  circular,  1-3.6  mm  x  1—2.6 
mm,  pale  yellow;  stamens  4,  c.  1  mm  long;  disk 
prominent  with  (  nectaries;  ovar>-  inferior 
long-cylindrical,  1 -celled,  style  short,  stigma 
head-like.  Fruit  an  elongate,  terete  capsule  1-2 
cm  X  1-2  mm,  crowned  by  the  persistent  se- 
pals, iri-egularij'  dehiscent,  many-seeded.  Seeds 
ellipsoid,  0.5-1  mm  long,  brown,  each  embed- 
ded in  an  easily  detached  hoiseshoe-shaped 

pi(>c«'  nf  ('ndix  arp. 

Liidu  igia  comprises  about  75  species,  most  of 
them  in  tropical  America,  and  a  dozen  in  Af- 

ric.-i 

Ecology  Ludivigia  abysamica  grows  in 
swampy  localities  along  lake  shoree  and  on 
rivet  banks,  up  to  2300  m  altitude. 

Genetic  resources  and  breeding  Liidii  i- 
gia  abyssinica  is  quite  common  m  its  large  area 
of  distributioa  and  is  not  in  danger  of  genetic 
erosion. 


Prospects  Liidu  if>ia  abyssinica  will  remain 
a  minor  vegetable.  Research  on  its  nutritional 
and  chemical  composition  is  desirable. 

Major  references  BurkiU.  M.M..  1997: 
Kokwaro,  J.O.,  1993;  Raven,  P.H.,  1978;  Taton, 
A.,  1967;  WilUamson,  J.,  1955. 

Other  references  Bizzarri.  M.P.,  2000; 
llaerdi,  F.,  1964;  Ra>-nal,  A.,  1966. 

Anthers       van  der  Burg 

LUDWlGlA  ERECTA  (L.)  H.Hara 

Protologue  Jouni.  Jap.  Bot.  28: 292  (1953). 
Family  Onagraceae 
Chromosome  nnmber  2;i  =  16 

Synonyms  Juaaiaea  erecta  L.  ( 1  7.'j3). 

Vernacular  names  Verba  de  jicotea  (En) 

Origin  and  geographic  distributiou  Ludu  i- 
gia  ereeta  is  native  to  tropical  America  and  has 
bron  introduced  in  .Vfricn,  whrrc  it  is  wide- 
spread at  present,  firom  Mauritania  east  to 
Ethiopia  and  Somalia,  and  south  to  Angola  and 
Mozambique:  also  in  Comoros,  Madagascar, 
Seychelles  and  Mauritius. 

Uses  In  Somalia  the  leaves  are  cooked  to 
make  a  sauce  for  maize  and  porridge.  In  Tan- 

-/ania  the  l(\ives  are  occasionally  eaten  as  a 
cooked  vegetable.  In  DR  Congo  Ludwigia  erecta 
is  sometimes  used  as  a  forage.  In  Kenya  a  bath 
made  with  boiled  Ludtviffa  erecta  plants  is 

given  to  reliovi'  fm-er  caused  by  malaria. 

Botany  Erect  annual  herb  up  to  3  m  tall, 
sometimes  woody  at  base,  much-branched, 
glabrous  Leaves  alternate,  siinfilc:  stipules 
absent;  petiole  up  to  1.5  cm  long;  blade  lanceo- 
late or  ellipt  ical,  2-13  em  x  0.6—4.6  cm,  cuneate 
at  b.ase,  acute  to  acuminate  .-it  apex,  pal(»  green 
or  reddish  lateral  veins  10-27  on  each  side  of 
the  midrib.  Flowers  solitary  in  upper  leaf  a.xils, 
bisexual,  regular,  4-meious;  sepals  lanceolate, 
2-n  mm  X  1-1.5  mm;  petals  elliptical  to 
obovate,  3-5  mm  x  2—2.5  mm,  golden  yellow; 
stamens  8,  c.  1  mm  long;  disk  not  prominent, 
with  I  nectaries;  ovary  inferior,  long- 
cylindrical  d  st\  lc  short,  stigma  glo- 
bose. Fruit  an  t  longale,  4-angled  capsule  1—2 
cm  X  2-4  mm,  crowned  by  the  persistent  se- 
pals irregularly  dehiscent,  many-seeded  Seeds 
oblong-ellipsoid,  c.  0.5  mm  long,  pale  brown. 
Ludwigia  comprises  about  75  species,  most  of 
them  in  tropical  America,  and  a  dozen  in  Af- 
rica. In  Madagascar  young  shoots  of  Ludu  igia 
adsceiidena  (L.)  H.Hara  are  eaten  in  salads, 
but  on  mainland  Africa  this  species  is  more 
impMtant  as  forage. 
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Ecology  Liiduigia  erecta  grows  on  river 
banks  and  other  wet  localities,  as  well  as  on 
moist  wasteland,  up  to  1200  m  altitude. 

Genetic  resources  and  breeding  Linln  i- 
gia  erecta  is  widespi-ead  and  a  locallj'  common 
weed,  and  thus  not  liable  to  genetic  erosion. 

Prospects  Litdni^ia  erecta  will  remain  a 
vegetable  of  mmor  importance.  Research  on  its 
nutritional  and  chemical  composition  is  desir- 
able. 

Major  references  F^urkill  H.M.,  15)07; 
Ramamoorthy,  T.P.  Zardini,  E.M.,  1987; 
Thulin,  M.,  1993a. 

Other  references  Bizzarri.  M  P  2000; 
Kokwaro,  J.O.,  1993;  Raven,  P.II.,  1978;  Ray- 
nal.  A.,  1966;  Taton,  A.,  1967. 

Autiiors  W.J.  van  der  Burg 

LUFFA  ACUTANGULA  (L.)  Roxb. 

Protologue  Hoit.  bengal:  70  (1814). 
Family  Cucuifoitaceae 
Chromosome  nmnber  2>t  =  26 

Synonyms  Ciirmiii.f  (iciitangnliis  L.  (1753). 

Vernacular  names  Ridged  gourd,  angled 
loofah,  ribbed  gourd,  Chinese  okra,  silk  squash 
(Rn).  Paprngnyp  liane  torchon  (Pr).  Lvi£b  ris- 
cada  (Po).  Mdodoki  (Sw). 

Origin  and  geographic  diattflmfion  Luffa 
aeulatifiula  is  believed  to  have  originated  in 
Indin  whrre  wild  types  still  orrur,  but  has  now 
spread  pantropically  to  all  areas  with  a  high 
rainfall.  It  is  cultivated  and  locally  naturalized 
in  West  AlVic-i  fVdtn  Sicrrn  Leone  to  Xitjeria.  It 
is  cuiiivated  I'rum  the  coastal  areas  to  the  semi- 
dry  savanna,  e.g.  in  Sierra  Leone,  Cdte  d'lvoire, 
Ghana,  Benin  and  Nigeria.  In  East  Africa 


Luffa  aeutangula  -  planted  and  naturalized 


ridged  gourd  is  grown  on  a  small  scale  near  the 
big  cities  as  an  exotic  vegpfable  for  consumers 
of  Asian  origin,  and  it  is  mIso  lurally  cultivated 
iind  nHturalized  in  M;idiiK;isr;ir.  Reunion  Mnd 
Mauritius.  In  southern  and  eastern  Asia  it  is  a 
widely  cultivated  vegetable. 

Uses  Immature  fruits  of  less^-bitter  cultivars 
of  Luffa  aeutangula  are  used  as  a  vegetable. 
They  are  cooked  or  fried  and  used  in  soups  and 
sauces.  Occasionally,  th(^  sl«'m  (ops  with  young 
Irnves  nnd  flower  buds  are  used  .ts  n  lenfy 
vegetable.  In  South-East  .Asia,  ridged  gourd  is 
a  popular  vegetable  because  of  the  mildly  bitter 
flavour,  the  slightly  spongy  te.vture  and  sweet 
juiciness.  Young  fruits  of  sweet  cultivars  are 
also  eatai  raw  and  small  firuits  are  aom^imes 
pickled.  The  seeds  yield  an  edible  oil  that  is, 
however,  sometimes  bitter  and  toxic. 
In  some  parts  of  West  Africa  a  leaf  e.vtract  of 
ridged  gourd  is  applied  on  sores  caused  by 
guinea  worms  to  kill  the  pnrasitr.  I>oaf  snp  is 
also  used  as  an  eyewash  to  cure  conjunct  ivit  is. 
The  fruits  and  seeds  are  used  in  heibal  prepa- 
rations for  the  treatment  of  venereal  diseases, 
particularly  gonorrhoea  In  .M;iuritius  the 
seeds  are  eaten  to  expel  intestinal  worms  and 
the  leaf  juice  is  applied  to  skin  affections  such 

as  ecx.emn  The  i)l;int  including  the  seed  is  in- 
secticidal.  Mature  fruits  when  harvested  dry 
are  processed  into  sponge.s  and  used  for  scrub- 
bing the  body  while  bathing  or  for  domestic 
purposes  sucb  as  washing  nf  cooking  utensils 
and  as  filters  for  local  drinks  such  as  palm 
wine.  Industrial  use  is  made  of  these  fibres  for 
making  hats.  However,  the  sponge  gourd 
(Luffa  cyLmdrica  (L.)  M.Roem.,  qmor^rm:  Luffa 
acgyptiaca  Mill.)  is  preferred  for  making 
sponges  bc>cause  its  fibrc>  is  easier  to  extract. 
The  trailing  stem  is  used  ;is  tempornr\'  tying 
rope  for  firewood  and  crops  to  be  carried  home. 
The  plant  is  oecasionally  used  as  an  ornamen- 
tal climber  for  enclosures. 

Productiou  and  inteniational  trade  Ridged 
gourd  is  mainly  produced  as  a  home  garden 
crop.  Thailand  exports  ridged  gourd  to  western 
EJuroi)e  MS  !i  vegetalde  for  the  Asian  communi- 
ties. Japan  and  Bra^d  are  the  main  ejqixtrters 
of  loofah  sponges  mostly  to  the  United  Statos, 
but  these  are  mainly  from  sponge  gourd.  In 
West  Africa  mature  fruits  of  ridged  gourd  or 
sponge  gourd  are  sold  as  sponges  in  street 
markets  and  supermarkets. 

Properties  The  composition  o|  i  idgid  gourd 
fi'uits  per  100  g  edible  portion  (tough  skin  re- 
moved, edible  portion  62%)  is:  water  94.2  g, 
energy  70  kJ  (17  kcal),  protein  0.8  g,  fat  0.1  g, 
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carbohydrate  3.3  g,  fibre  1.7  g,  (Ja  12  mg,  P  32 
mg,  Fe  0.3  mg,  carotene  26  ng,  thiamin  0.07 
mg,  riboflaviii  0.02  mg,  niacin  0.4  mg,  folate  37 
Jig,  a8CorV)if  acid  3  mg  Tho  n)mp<isif ion  of 
young  Luffa  leaves  per  100  g  edible  portion  is: 
water  89  g,  protein  5.1  g,  caibohydrate  4  g, 
fibre  1,5  g.  Ca  56  mg,  Fe  11.5  hik  p-oaroteme 
9.2  mg,  ascorbic  acid  95  mg  (Holland,  D.,  Un- 
win,  T.D.  &  Buss,  D.H.,  1991).  The  oil  content 
in  (he  seeds  is  2(5%;  the  fatty  acid  composition 
is:  linoleic  acid  34%  oleic  acid  24%,  palmitic 
acid  23%  and  stearic  acid  10%. 
Two  trypsin  inhibitors  and  a  ribosome  inacti- 
vntinK  peptiiif  (luffangulin)  have  Ix-cn  it-oiated 
from  ridged  gourd  seeds.  The  glycoprotein  luf- 
faculin,  also  isolated  from  the  seeds,  edubita 
abort  ifacient,  antitumour,  ribosome  inactivat- 
ing and  immunomodulatory  activities. 

Adulterations  and  substitutes  Young 
fruits  of  sponge  gourd  {Luffa  eyUndriea}  are 

used  ns  a  suli.stitiiti^  for  rirlpcd  pourd  as  a  vege- 
table,  although  much  less  popular. 


Lu//a  aculaiigula  -  1,  ahool  with  male  ftou  ers; 
2,  female  flower;  3,  fruit. 
Source:  PROSEA 


Description  Monoecious,  annual,  climbing 
or  trailing  herb,  with  acutely  5-angled  stem; 
tendrils  up  to  6-fid,  hairy.  Leaves  alternate, 
simple:  stipules  absent:  petiole  up  to  15  cm 
long;  blade  broadly  ovate  to  kidney-shaped  in 
outline,  10-25  cm  x  10-25  cm,  shallowly  pal- 
mately  5-7-Iobed  with  broadly  triangular  to 
broadly  rounded  lobes,  cordate  at  base,  shal- 
lowly sinuate-dentate,  pale  green,  scabrous, 
palmately  veined.  Male  innoresc  ence  raoemose 
with  15-35  cm  lontj  p<  ilijnrlc.  Flowers  unisex- 
ual, regular,  5-merous,  5-U  cm  in  diameter; 
reoeptade  tube  oboonic  below,  expanded  above, 
c.  0.5  cm  long,  lobes  triangular  1-1.5  cm  long: 
petals  free,  pale  yellow;  male  flowers  with  3 
free  atamena  inscarted  on  the  reo^tade  tube, 
connectiveB  broad;  female  flowers  solitary',  on 
pedicels  2-15  cm  long,  with  inferior,  densely 
pubescent,  longitudinally  ridged  ovary,  stigma 
3-lobed.  Fruit  a  club-shaped,  diy  and  fibrous 
capsule  15— 50  cm  >^  5-10  cm,  acutely  10-ribbed, 
brownish,  dehiscent  by  an  .ijik  .il  operculum, 
many-seeded.  Seeds  broadly  •  liipiical  in  out- 
line, compressed,  up  to  1.5  cm  long,  smooth, 
dull  black. 

Other  botanical  information  Luffa  com- 
prises 7  spedes,  4  of  these  native  to  the  Old 

World  troj)ics  ;in.:l  '1  sonKnvh.it  mi>i-c  distantly 
related  species  indigenous  to  South  America. 
Tn  Luffa  acutangula  3  varieties  have  been  dis- 
tinguished: var.  acutangula,  the  large-fruited 
cultivfitcil  typos'  var.  ainnra  (Yin\h.) 
C.B.Clarke,  a  wild  or  feral  type  with  extremely 
bitter  fruits  and  confined  to  India;  and  var. 
forshaUi  (Harms)  Heiser  &  E.E  Schill.  con- 
fined to  Yemen,  where  it  occurs  w  ild  or  possi- 
bly as  an  escape.  Luffa  aeulangula  cultivars 
grown  as  vegetables  have  larger  fruils  and  are 
loss  hiitrr  than  the  wild  typos.  In  West  Africa 
local  cultivars  are  used  as  vegetables,  whereas 
in  East  Africa  commercial  growers  use  im- 
proved cultivars  imported  frnm  Anan  countries 
for  the  Asian  customers. 

GrowUi  and  development  Spontaneous 
growth  of  plants  commences  with  the  begin- 
ning of  the  rainy  season  Flowering  and  fruit- 
ing take  place  throughout  the  rainy  season, 
while  fruits  mature  and  seed  dispersal  com- 
mences as  tho  whole  jilnnts  become  dry  nt  tho 
peak  of  the  dry  season,  in  cultivation,  seedlings 
emerge  4—7  days  after  sowing  after  soaking  the 
seeds  in  cold  water  overnight  to  soften  the  h;n  <1 
seedcoat.  Ridged  gourd  tends  to  be  day-neutral. 
Flowering  starts  6-10  weeks  after  sowing,  ini- 
tia%  male  flowers  are  produced,  later  also 
female  ones  at  a  ratio  of  male  to  female  flowers 
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of  about  K);l.  This  ratio  can  be  changed  by 
chemical  treatraent.  The  flowers  open  in  the 
evening  and  the  ntigmas  have  been  found  to 
remain  ivceptivi-  fnini  a  few  hours  before  to 
36-60  hours  after  anthesis.  The  flowers  are 
cross-pollinated  by  many  insects,  including 
bees,  liultcrflii's  and  moths. 

Ecology  Ridged  gourd  may  be  common  as  a 
qxmtaneous  plant  on  abandoned  land,  as  a 
fallow  crop  and  on  gaibage  heaps.  Unbke  many 

other  rueiirbits  it  prows  well  in  tropicnl  low- 
lands, it  prefers  seasonal  climates  because  diy- 
season  planting  is  more  sucoessfiil  than  wet- 
season  planting.  In  Africa  it  thrives  in  the  dry 
forest  or  moist  savanna  area,  around  8— lO'N. 
Outside  these  latitudes^  too  much  rain  or  exces- 
sive diyness  often  affect  the  development  of  the 
fruits.  In  humid  areas  growth  is  direeted  to- 
wards the  production  of  leaf  biomass,  whereas 
under  dry  conditions  the  energy  is  directed  to- 

M.inls  abundant  nowering.  Too  niurh  hrn\y 
rainfall  during  flowering  and  fruiting  leads  to 
fruit  rot.  Frost  is  not  tolerated.  Ridged  gourd 
prefers  a  well-drained  soil  with  a  hi^  <Mrganic 
matter  content  and  n  pi  I  of  6.5-7.5. 

Propagation  and  planting  Ridged  gourd  is 
normally  grown  on  supports  or  trellises  up  to  3 

m  hif:h  Durinp  iho  dry  season  il  may  also  he 
allowed  to  trail  on  the  oiind,  but  this  practice 
lowers  the  yield  antl  iiuality.  The  seeds  are 
sown  on  mounds  or  ridges,  2-;^  seeds  per  hill, 
5f)-f50  rm  apart  in  the  row  and  200  em  between 
the  rows  m  a  trellised  system.  Without  sup- 
port, 300  cm  between  the  rows  can  be  prac- 
tised.  or  aboul  f>ne  liole  per  m  each  way,  Alter- 
natively, seedlmgs  may  be  raised  in  containers 
and  transplanted.  The  1000-seed  weigfht  is 
around  00  g.  For  direct  sowing  2-;^  kg  Mil 
needed  per  ha.  for  transplanting  1-15  ki:  In 
the  I'hilippines,  a  planting  distance  of  2  m  -<  v 
m  is  practised  for  a  superior  Fi  hybrid,  with  a 
seed  requirement  of  only  ^00  p.^ia. 

Management  In  commercial  cultivation  the 
crop  needs  good  care.  Planting  on  raised  beds 
assures  good  drainage  in  the  rainy  season.  Ir- 
rigation is  required  during  dry  conditions  at 
regular  intervals,  particularly  before  the  flow- 
ering period.  NPK  fertilizer  is  applied  to  en- 
hance growth,  flowering  and  fruit  formation.  A 
basal  dressing  of  NPK  (e.g.  14-14-14)  at  the 
rate  of  26  g/hill  can  be  given,  followed  by  side 
dressings  of  20  g/hill  d'  urea  or  NPK  at  two- 
week  intervals.  Lateral  stems  are  pruned  if 
they  gi-ow  too  abundantly.  Some  top  and  leaf 
pruning  may  promote  flower  and  fruit  devel- 
opment, resulting  in  a  higher  yield.  For  opti- 


mal  production  the  number  of  fruits  per  stem 
may  be  limited  to  20-25.  For  the  spontaneous 
plants  of  abandoned  farmland  or  on  refiise 
dumps.  harill>  nny  m.inagement  care  is  given. 

Diseases  and  pests  Ridged  gourd  is  not 
very  susceptible  to  diseases  and  pests.  Powdery 
mildew  iEty.'^iplie  cichoraceanini)  and  downy 
mildew  {Paeudoperonoapoixt  cubenaia)  are  re- 
ported. Fruits  rot  easily  in  contact  with  wrt 
soil.  In  South -East  Asia,  the  larvae  of  fruit  flies 

(Darii.t  spp.)  may  damage  yoimg  fruits:  a  high 
infection  of  thrips  may  cause  stunted  gi-owth, 
and  also  caterpillars,  leaf  miners  and  aphids 

are  re|)nl-tei|  ;is  pests. 

Harvesting  Young  immature  fruits  of  300— 
400  g  are  picked  12-15  days  after  fruit  set. 
Fruits  can  be  picked  e\  ei  \  :i  days  throughout 
the  fruiting  season,  by  hand  or  with  a  knife. 
Individual  plants  may  produce  15—20  fruits; 
jrield  declines  after  8-13  weeks  of  harvesting. 
For  sponge  production,  the  fruits  are  left  for 
two  months  on  the  vines  till  turning  brown. 
For  seed  production,  the  seeds  are  shaken  out 
of  the  complel  ely  dry  fruits. 

Yield  Landraees  produce  10-15  t/ha.  An 
average  yield  of  27  t^ha  of  young  fruits  is  re- 
ported for  hybrid  eultivars  in  the  Philippines 

imdcT  gocid  in.-in,ii:i-m'  I"  t 

Handling  after  harvest  Immature  fruits  of 
ridged  gourd  are  easily  damaged.  For  long  dis- 
tance transport,  the  fruits  have  to  be  carefully 
packed.  The  fruits  can  be  stored  for  2— weeks 
at  12-16°C.  The  processmg  of  sponges  fixim  the 
ripe  fruits  involves  immersing  the  friut  in  run- 
ning water  until  the  rind  disintegrates  and 
disappears,  then  the  juilp  and  seeds  are 
washed  out,  the  sponges  are  bleached  with 
hydrogen  peroxide  and  dried  in  the  sun. 

Genetic  resources  (lermj)lasm  collections 
of  Luf/a  aculaiigiila  are  kept  at  genebanks  m 
India  and  Taiwan,  at  the  Institute  for  Plant 
Breeding  in  the  Philippines,  and  in  Nigeria  at 
the  National  Centre  for  Genetic  Resources  and 
Biotedmology  (NACGRAB)  at  Ibadan. 

Breeding  Many  local  eultivars  are  found  in 
the  Asian  countries  and  improved  eultivars  are 
available  from  several  seed  companies.  Popula- 
tions are  very  variable.  Fi  hybrid  eultivars  are 
used  in  several  .\sian  countries  East-West 
Seed  Ckimpany  in  Thailand  developed  Fi  hy- 
brids for  tropical  lowland  with  good  market 
quahty,  e.g.  pale  or  dark  green  fruits,  short  i  ' 5 
cm)  to  long  (50  cm)  fruits.  Malika  F-  is  a  hybrid 
with  high  disease  tolerance  and  especially 
suited  for  the  rainy  season. 

Fx oipeetB  Ridged  gourd  is  a  high  yielding 
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and  easy  to  cultivate  vcRctablc.  Breeding  and 
production  technologj'  research  combined  with 
market  development  might  gn  e  it  a  chance  to 
develop  into  n  mnrkef  vfgctnlde  of  imptirt  nnct" 
in  Africa,  as  in  Asian  countries.  The  use  of  fi- 
bre from  the  mature  fruits  and  the  use  in  agro- 
I'oi-fstiy  iis  a  jtlant  for  •^dil  rehabilitation  with  a 
heavy  production  of  leaf  biomass  might  be  m- 
vestigated. 
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Lyoopersicon  esculentum  Mill. 

Protologne  Gard.  diet.  ed.  8,  Lyeoperaieon 

n,  2 (17n8) 
Family  Sulanaceae 
Chromosome  umitber  2n  =  24 
Synonjnns  Solanum  lycopersicu  m  L.  (1763), 

Lyropprairnti  Ivcoprraictim  (L.)  H.Knrst.  (1882). 

Vernacular  names  Tomato  (En).  Tomate 
(Fr).  Tomate  (Po).  Nyanya  (Sw). 

Origin  and  geographic  distribution  Tho 
genus  Lycopersicoii,  comphsmg  9  species,  has 
its  origin  in  the  South  American  Andes,  from 
central  Ecuador  through  Peru  to  northern 
rhilf:  one  species  is  endemic  in  the  (Halapagos 
Islands.  Wild  plants  of  Lycopersicoii  esculen- 
tum are  more  widespread  and  have  been  per- 
haps more  recently  disi  rilniterl  into  other 
South  American  regions  and  into  Mexico.  Ar- 
chaeological, ethnobotanical  and  linguistic  evi- 
dence suggest  that  tomato  was  d<»ne8ticated  in 
Mexico,  outside  its  centre  of  origin.  Shortly 
after  the  Spanish  conquest  of  Mexico  in  1521. 
the  cultivated  tomato  was  brouj^t  to  Europe, 
where  its  fruits  were  initially  not  considered 


Lyeoperaieoii  eaeuleiiUtin  -  planted 

edible  (except  in  Italy)  because  of  the  erroneous 

assiiinf)tion  that  they  would  be  poisonous  like 
many  other  Solanaceae  species.  Tomato  was 
introduced  bom  EHirope  to  southern  and  east- 
em  Asia  in  the  17th  centuiy  and  subsequently 
to  the  I'nited  States.  Africa  and  the  Middle 
East.  Tomato  has  become  one  of  the  most  im- 
portant vegetables  worldwide. 

Uses  Tomato  fruits  are  mnsumod  fresh  in 
salads  or  cooked  in  sauces  and  used  as  a  fla- 
vouring in  soups  and  meat  or  fish  dishes.  They 
are  made  into  sweetened  candies,  dried  fruits, 
and  even  into  wine.  Rrnnomirnlly  equally  im- 
portant are  the  processed  forms  such  as  puree, 
juice,  ketdiup,  canned  whole  and  diced  frtiits. 

Fkodnction  and  internatioiial  teade  \\'orld 
tomato  production  in  2001  was  about  105  mil- 
Uon  t  fresh  fruit  from  an  estimated  3.9  million 
ha.  Leading  iomato  producing  countries  are 
China  with  934,000  ha  India  .^DOOOO  ha. 
Commonwealth  of  Independent  States  (for- 
merly Soviet  Union)  346,000  ha,  Turkey 

22.5  000  ha  Etn,'pt  181,000  ha,  Tnited  States 
K;  1  000  ha  and  italj'  121,000  ha.  in  2001  world 
exports  of  fresh  tomato  fruits  were  estimated 
at  1  million  t,  valued  at  3000  million  USJ 
(mainly  from  Spain.  Netherlands  and  Mexico 
with  about  GOO  million  L  Sii  each).  World  ex- 
port of  tomato  paste  is  about  1.8  million  t,  val- 
ued at  1000  million  USS  (mainly  from  Italy 
with  400  million  US$).  The  area  used  for  to- 
mato production  in  tropical  Africa  is  about 
:300.000  ha  an  estimated  annual  produc- 
tion of  2  million  t.  Nigeria  is  the  largest  pro- 
ducer with  126,000  ha  and  an  annual  produc- 
tion of  879,000  t.  There  is  some  international 
trade  of  fresh  tomatoes  between  African  coun- 
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tries,  but  no  data  are  available.  South  Africa 
exports  fresh  tomato  fruits  to  neighbouring 
coinitnes.  In  Zimbabwe  and  2^mbia,  there  is  a 
snuill  Itut  growing  export  of  dried  fruits  to 

Europe. 

Properties  Fresh  ripe  tomato  fruits  contain 

p.-r  inn  g:  water  9.3.1  g.  energy  7-3  kJ  (17  kcal), 
protein  0.7  g.  tat  0.3  g,  carbohydrate  3.1  g,  Ca  7 
mg.  Mg  7  mg,  P  24  mg,  Pe  0.6  mg,  Zn  0.1  mg, 
carol enc  ().()4  mg,  thiamin  0.09  mg,  riboflavin 
0.01  mg  niacin  10  mg  folato  17  ng  ascorbic 
acid  17  mg  (iioUand,  B.,  L  nwin,  I.D.  &  Buss, 
D.H.,  1991).  Most  of  the  caibohjrdrate  occurs  as 
sugars.  Although  lumato  fruits  rank  low  in 
comparative  nutritional  value,  they  outrank  all 
other  vegetables  in  total  contribution  to  hiunan 
nutrition  because  so  much  is  consumed  in  so 
many  different  ways.  The  contents  of  solultle 
solids  (I'ruclose,  glucose  and  sucrose)  and  or- 
ganic acids  (citric,  malic;  galacturonic  and  pyr^ 
rolidono  carbnxylic)  but  even  more  the 
sugar/acid  ratio,  are  important  determinants  of 
taste  and  can  be  assessed  by  standard  analyti- 
cal methods.  However,  minute  quantities  of 
numerous  volatile  substances  also  contribute  to 
the  flavour,  and  sensory  tests  remam  indispen- 
sable for  the  judgement  of  the  quality  of  tomato 
fruits.  Sonif  imjiorlant  aroma  chcmirals,  which 
are  associated  with  lycopene  formation  and 
flavour  developm^t  during  ripening  of  tomato 
fruits,  are  6-methyl-6-hepten-2-on,  P-ionone,  P- 
daraascenone  and  uernnylaceton.  Tomato  fruits 
for  processing  should  have  a  high  (>  5.5%) 
soluble  solid  content.  Immature  firuits  contain 
the  alkaloid  tomatinc.  LyrDjienc  (K  KiQ-d)  is 
the  dominant  carutenuid  responsible  for  the 
colour  in  red  tomato  fruits  and  p-carotene  in 
yellow  ones.  The  antioxidant  properties  of  Xyco- 
pcno  may  contribute  to  protoctinn  against  car- 
cinogenic substances.  The  seed  contains  21%  of 
a  semi-drying  edible  oU. 

Description  .\nnual  herb,  with  erect  to 
prostrate  stems  up  to  2(-4)  m  long;  taproot 
strong,  to  0.5  m  deep  or  more,  with  a  dense 
qrstem  of  lateral  and  adventitious  roots:  stem 
solid.  Coarsel>  haiiy  and  glandular.  Leaves 
arranged  spirally,  imparipinnate,  in  outline 
16-60  cm  X  10-30  cm:  stipules  absent;  petiole 
.3— f)  cm  long'  loafiots  varying  in  size  iisii.-illy  7- 

9  larger  ones  per  loaf  these  ovate  to  oblong,  5- 

10  cm  long,  irregularly  toothed  and  sometimes 
phinatifid  at  base,  and  a  variable  number  of 
smaller  ones  leaflets  covered  with  glandular 
hairs.  Inllorescence  a  cyme,  normally  6-12- 
flowered,  but  sometimes  compound  and  up  to 
100-flowered.  Flowers  bisexual,  regular,  1.6-2 


Lycopersiccm  esculeii  tum  -  1,  /lou  ei  ing  shoot;  2, 
frnii  types;  3,  teed. 
Source:  PROSEA 

cm  in  diameter,  pendent,  (6-)6(-7)-merous; 
calyx  with  short  tube,  green,  lobes  pointed, 
persistent  and  enlarging  on  fruit;  corolla  stel- 
late, yellow,  lobes  becoming  reflexed,  caducous; 
stamens  inserted  on  the  corolla,  anthers  bright 
yellnw  cnnnivent  to  form  a  flask-shaped  cone, 
surriiun<iiiii;  ihe  style,  With  an  elongated  ster- 
ile tip;  ovary  superior,  2-8-oelIed.  Fruit  a  berry, 
globular  to  oblate,  2-16  cm  m  diameter, 
smooth  or  furrowed  green  and  hairy  when 
young,  glabrous  and  shmy,  usually  red,  some- 
times pink,  orange  or  yellow  when  ripe,  many- 
seeded.  Seeds  flattened  ovoid,  3-5  mm  x  2-1 
mm,  pale  brown  and  hair>',  embryo  coiled  m 
endosperm.  Seedling  with  epigeal  germination. 

Other  botanical  information  Research  on 
phylogenetic  relationships,  using  morphologi- 
cal characteristics  but  also  molecular  markers, 
indicates  that  Lyct^teraieon  should  be  induded 

in  Sniaiiinn  and  is  closely  related  fo  potato  and 
its  wild  relatives.  However,  the  systematic 
placement  of  tomato  in  Solamtm  (as  Solamim 
lycopersicmii  in  section  or  subsection  Lyeoper- 
sicuin)  is  still  controversial  in  that  it  has  yet  to 
gain  universal  acceptance,  and  the  treatment 
in  Lyeopenieon  can  be  justified  by  the  mainte- 
nance of  nomendatural  stability  in  this  eco- 
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nomically  important  crop. 

Lycopersicoii  esciilentum  can  be  hybridized 
with  the  othi-r  8  Lycoperaicon  sjh  ms  hut  with 
2  of  these,  the  self-incompatible  Lycopri sicon 
pemvianum  (L.)  Mill,  and  Lycopersicoii 
chUense  Dunal,  hj^ridizaticn  is  only  possible 
with  the  Mid  of  embrj'o  culture  or  by  pollination 
with  a  mixture  of  auto-  and  allo-poUen.  J^Ioat 
wild  Lycoperdcon  species  have  contributed  to 
the  genome  of  modern  tomato  cultivars. 
Numerous  r-ultivars  of  tomato  exist  They  can 
be  variously  classified,  e.g.  according  to; 

-  growth  habit:  indeterminate,  semi-determi- 
nate  or  (jrtermin.iti'  (Inishy): 

-  fruit  size;  small  round  (cherrj'  tomato.  <  30  g; 
'Monqnoiaker',  80  g),  medium-large  round 
(120-160  g),  beefsteak  and  ribbed  (>  200  g); 

-  fruit  shape:  round,  heart-shaped,  pear- 
shaped,  plum-shaped,  elongated  or  flat; 

-  colour  of  ripe  fruit:  red,  pink,  orange  or  yellow; 

-  utili/ntinn;  for  fresh  market  (dirert  ronsiimp- 
tion)  or  protvssing  (high  soluble  solid  content 
and  viscosity). 

In  tropical  Africa,  many  farmers  still  use 
open-pollinated  euitivars.  lioth  fresh  market 
and  processing  types.  Floradade ,  lleinz 
1370',  'Marglobe',  'Super  Marmande',  'Mon- 
eymaker', Rio  Fu(><zn'  Rio  'Irnnde'  and  Roma 
VF  are  some  of  the  important  tomato  culti- 
vars found  in  tropical  Africa.  AVRDC  culti- 
vars 'Tanya'  and  'Tengeru  97'  have  become 
popular  in  Tnn/anin  and  Xina'  (from  ISR.X) 
in  West  Africa,  it  is  expected  that  Fi  hybrids 
will  increasingly  replace  open-pollinated  cul- 
tivars III  \\'i'st  Africa  Fi  Monijal  is  gaining 
importance.  It  is  heavy  yieldmg  and  suitable 
for  cultivation  under  hot  and  humid  condi- 
tions. Many  farmers  in  low  l.imi  tropical  Africa 
and  the  Caribbean  grow  local  cultivars  of  un- 
certain origin.  'I'hey  have  somewhat  sour  and 
bitter-tasting  fruits,  small,  round  or  flat, 

many-celled,  and  are  especially  suitable  for 
grinding  with  condiments  for  sauces.  They 
show  considerable  genetic  variation  including 
disease  icsistame,  e.g.  to  bacterial  wilt  and 
fungal  diseases  They  yive  a  better  yield  than 
most  imported  cuUivars  under  the  heavy  en- 
vironmental stress  of  the  rainy  season. 

Growth  and  development  Viry  seed  (5.5% 
moisture  content)  extracted  from  fiilly  mature 
fruits  remains  viable  for  several  years  at  ambi- 
ent (18-2  l''C)  temperatures  Seeds  germinate 
within  n  days  after  sowing  at  nptimum  soil  tem- 
peratures (20-25''C).  Seedlmgs  have  a  thm  tap- 
root and  ovate  cotyledons;  the  first  leaves  have 
few  leaflets.  On  the  main  stem  7-14  leaves  are 


usually  formed  before  the  apex  i.s  transformed 
into  a  terminal  inflorescence.  Further  growth  is 
sympodial.  In  indeterminate  cultivars  sympodial 
growth  txmtinues  inilefinitely  with  inflorescen- 
ces everj'  3"*^  leaf  and  fmits  maturing  sequen- 
tially over  a  kmg  period  of  time.  In  determinate 
types  growth  is  arrested  after  Mi  mflnrescen- 
oes,  when  the  primary  axillary'  bud  of  the  last 
leaf  aborts  and  the  next  bud  develops  into  a 
slower  growing  shoot  with  one  leaf  and  a  termi- 
nal infloreswx'nce.  Strong  axillaiy  bud  develop- 
ment at  the  base  of  determinate  Kypes  produces 
their  bushy  habit  with  several  stems  and  a  short 
period  of  prolific  flowering  folkiU  i-d  liy  a  period 
when  frmt  growth  is  dominant.  In  processing 
tmnato  fruits,  synebronizaticn  of  fruit  growth 
and  ripening  is  such  that  once-over  madiine 
har\'esting  is  possible. 

Under  optimum  conditions  first  flowering 
starts  5—7  weeks  after  sowing.  Lyet^rsieon 

esnilenfiini  is  autogamous  but  up  to  47%  natu- 
ral cross-pollination  may  take  place.  Bees  and 
bumble  bees  are  the  most  important  pollina- 
tors; they  are  also  increasingly  used  in  glass- 
houses to  stimulate  anther  dehiscence.  Anthe- 
sis  starts  at  around  G  a.m.  and  anther  dehis- 
cence takes  place  from  7—10  a.m.,  depending 
upon  temiM^ratunv  humidity  and  sunshine. 
Pollen  grams  remain  \  lable  for  2^  days  at 
temperatures  ranging  from  18-26*C.  The 
stigma  becomes  receptive  16— IS  hours  before 
anthesis  and  remains  so  for  5—6  days  at  an 
optimum  temperature  of  i8-25°C.  High  tem- 
peratures affect  the  viability  of  pollen  grains 
and  egg  cells  resulting  in  a  high  degree  of  out- 
crossing m  the  tropics.  More  than  60  genes  of 
male  sterility  have  been  reported  in  tomato. 
Many  of  t  hese  genes  are  recessive,  but  v<>iy  few 
have  found  application  in  hybrid  seed  produc- 
tion so  far,  due  to  environment-dependent 
variation  in  expression  of  male  sterility.  Pollen 
tube  growth  is  slow  and  fertilization  takes 
place  50-55  hours  after  polhnation.  Fruits  are 
mature  6-8  weeks  later.  Adequate  seed  set  is 
necessary  for  normal  fruit  development,  but 
parthenocarpic  fruit  set  occurs  in  some  types, 
or  can  be  induced  by  growth  regulators.  The 
duration  to  peak  harvest  (60%  of  the  crap)  de- 
pend.s  on  cultivar  and  season  in  the  cool  sea- 
son 90-110  days  after  transplantmg,  during 
the  hot  season  after  60-90  days.  Eadi  fruit 
contains  numerous  seeds  embedded  in  its  lo- 
cules,  ranging  from  50-80  in  cherry  tomato  to 
as  many  as  250  in  fresh  market  cultivars. 

Beology  Tomato  requires  a  relatively  cool, 
dry  climate  for  high  yield  and  premium  qual- 
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ity.  However,  it  is  adapted  to  a  wide  range  of 
climatic  conditions,  from  temperate  to  hot  and 
humid  tropical.  The  o|)timum  temperature 
range  for  growth  .-md  development  is  2n-27*T 
Prolonged  exposure  to  temperatures  below 
lO'C  can  cause  dulling  injury,  below  6*C  can 
result  in  plant  death.  Mean  temperatures  lie- 
low  13°C  and  above  27'C  severely  impair  fruit 
aet.  Destruction  of  pollen  and  egg  cells  occurs 
when  tiie  maximum  daytime  tt-mpt-rature  is 
MST  or  more  tor  5-10  days.  Fruit  set  is  goner- 
ally  poor  at  night  temperatures  above  20''C  for 
a  few  days  before  and  after  anthesis.  Hot  dry 
winds  vim  nlsi>  cause  flower  abortion.  Light 
mtensities  below  1 LUUU  lux  retard  plant 
growth  and  delay  flowering.  Tomato  is  not  sen- 
sitive to  daylen^tli  and  seta  fruit  in  photo- 
periods  ranging  IVoiii  7—10  hours, 
Tomato  can  be  grown  in  many  soil  types,  from 
sandy  loam  to  day-loam  soils  that  are  rich  in 

orpnnir  ni.ittr  r  It  is  sensitive  to  waterlogging 
and  llooduig  and  prefers  well-drained  soils. 
The  optimum  soil  pH  range  is  6.0—7.0;  higher 
or  lower  pHs  can  cause  mineral  deficiencies  or 

toxicities 

Propagation  and  planting  Tomato  seeds 
are  considered  non-dormant.  Tomato  can  be 

direct -seeder!  or  transi)lanted  in  the  field.  Rela- 
tively little  seed-drilimg  or  direct  sow  ing  into 
the  field  is  practised  in  the  humid  tropics  be- 
cause of  adverse  growing  conditions.  In  con- 
trast, raising  young  transplants  in  a  nurserj' 
enables  growers  to  obtain  uniform  seedlings 
and  to  check  early  diseases  and  pests.  Other 
advantages  of  transplanting  are  the  smaller 
quantity  of  seed  needed  and  reduced  competi- 
tion from  weeds  in  the  field.  The  1000-seed 
weight  is  2.5-3.6  g.  To  raise  transplants,  ir>()- 
200  g  seeds  are  sown  per  250  m-  of  seedbed 
which  provides  enough  plants  for  1  ha.  WTien 
direct-seeded,  the  sowing  rate  is  600-1000  g 
seed  per  ha.  Fertilizer  at  a  rate  of  10  g  N  10  g 
P,  15  g  K  and  2  kg  farmyard  manure  per  1  m- 
of  seedbed  area  should  be  worked  into  the 
seedbed.  The  young  seedlings  require  ample 
water  to  sustain  good  healthy  growth.  Seed- 
ling losses  caused  by  damping-off  diseases  are 
often  controlled  eflEectively  by  solarization  of 
the  seedbed  or  by  drenching  the  soil  with  fun- 
gicides such  as  Previcur  N  (propamocarb- 
hydrodiloride),  prior  to  sowing.  A  week  before 
1 1 Miisplanting  waterini;  should  be  reduced  to 
harden  I  be  seedlings.  Seedlings  ore  ready  for 
transplantmg  when  3—1  weeks  old  (15-25  cm 
tall  with  3-6  true  leaves).  They  should  be  thor- 
oughly watered  12-14  hours  before  they  are 


lifted  out  of  the  seed-bed  to  avoid  excessive 
damage  to  the  roots.  Transplanting  should  be 
done  m  the  afternoon  or  on  a  still,  cloudy  day 
to  reduce  the  transplanting  shock,  and  should 
be  followed  by  watering.  Spacing  between 
plants  and  distance  between  rows  depends  <m 
the  cultivar's  growth  habit  and  whether  the 
plants  are  to  be  supported  by  stakes  or  left  to 
grow  on  the  ground.  Common  spacings  are  30- 
60  cm  apart  in  single  or  double  rows  on  1.0-1.4 
m  wide  beds. 

Management  Nutrition  plays  a  major  role 
in  increasing  productivity.  Fertilizer  for  tomato 
slif  uM  be  fairly  rich  in  phosphorus.  Excess 
nitrogf^  n  is  associated  with  excessive  vegetative 
grow  th,  fruit  puffiness  and  blossom-end  rot. 
The  amount  of  fertilizer  and  the  timing  of  its 
applications  varj'  with  soil  type  and  cultivar  In 
tropical  Africa,  fertilizer  rec-ommendalions 
include  80-180  kg  N,  80-200  kg  P,  80-200  kg 

K  and  t  of  fnrniynrd  manure  \tcr  ha.  The 
entire  doses  of  farmj'ard  manure  and  phospho- 
rus are  applied  before  transplanting.  The 
farmyard  manure  is  applied  before  final 
ploughing,  whereas  phosphorus  is  applied  on 
both  sides  of  the  rows  and  mixed  with  the  top 
8—10  cm  of  soil.  Nitrogen  and  potassium  are 

applied  in  three  equally  split  doses  The  first 
dose  IS  given  before  transplantmg  as  basal 
dressing,  the  second  one  3  weeks  after  trans- 
planting, and  the  last  one  2  weeks  later. 
Indeterminate  cultivars  are  often  grown  on 
stakes.  Pruning  their  lateral  shoots  is  often 
practised,  to  produce  fruits  of  good  and  uniform 

size  Sufficient  leaves  should  br  loft  on  the 
plant  to  prevent  sun  scaldmg  (direct  msolaiion) 
and  cracking  (after  excessive  rain  or  irrigation) 
of  (he  fruits.  Depending  on  local  practice  only 
1—2  stems  may  he  allowed  to  grow.  The  number 
of  fruits  per  cluster  as  well  as  the  number  of 
clusters  may  also  be  regulated.  Little  pruning 
or  regulation  of  fruit  number  and  dusters  is 
normally  practised  on  determinate  cultivars. 
Competition  fix>m  weeds,  especudly  in  the  hot 
and  humid  tropics,  can  be  very  severe.  To  con- 
trol weeds  a  pre-emergence  herbicide  may  be 
used  before  transplanting,  supplemented  by 
manual  weeding  and  mulching  the  beds  with 
straw,  ("'rnp  rotation  with  nnn-solanaceous 
crops  IS  recommended  to  reduce  soil-bome  dis- 
eases and  pests. 

Tomato  needs  adequate  irrigation  during  the 
early  plant  growth  fruit  set  and  fruit  enlarge- 
ment stages.  About  20  mm  of  water  per  w  eek  is 
needed  under  cool  conditions;  about  70  mm 
during  hot  and  dry  periods.  Constancy  of  water 
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supply  plays  a  major  rolo  in  attaining  uniform 
maturity  and  reducmg  the  incidence  of  blos- 
som-end rot,  a  phynolopcal  disorder  associated 
with  irregular  water  suply  and  the  resulting 
calcium  deficiency  in  the  fruit  during  its 
enlargement. 

Diseases  and  pests  Some  15  diseases  and 
more  than  20  pests  may  attack  the  tomato 
plant,  but  only  those  having  a  depressing  effect 
on  yield  and  fruit  quality  in  Iropical  Afi  ica  are 
dosrrihrd  hero.  Bacterial  wilt  (Rnl.stnnia  so- 
lanaceaniin)  is  the  most  important  soilbome 
disease  in  tropical  regions,  particularly  in  the 
humid  lowlands.  Some  of  the  recommended 
methods  to  prevent  or  reduce  bacterial  wilt 
infection  are  the  use  of  resistant/tolerant  culti- 
vars,  long-term  crop  rotation,  e  g,  w  ith  cereals, 
plantinK  tomato  after  paddy  rice  or  floodmg  the 
field  for  3—4  months  before  planting,  but  avoid- 
ing land  previously  cropped  with  banana. 

There  is  no  effeclivr-  chemical  control.  R.'ict(  ri,nl 
wilt  resistance  also  provides  some  protection 
against  bacterial  canker  (Clavibacter  miehi- 
gattenae).  Bacterial  spot  (Xanthomonas  campea- 
Iris  pv.  veiieatoria)  can  be  serious  durmg  the 
rainy  season  and  is  most  noticeable  on  fruits, 
but  also  causes  damage  to  the  foliage  and 
stems.  It  is  trnnsmiK  -i!  hy  sccil.  Spraying  with 
copper  fungicides  can  control  this  disease  fairly 
well  except  under  heavy  infection. 
Soilbome  fungal  diseases  such  as  Fusarium 
wdt  (Fiisnriiiin  oxysponim  f.sp.  lyrnpi'isin')  and 
VerticiUium  wUt  {VeilicilUuiii  dahluie)  spo- 
radically occur  in  tropical  highlands.  Host  re- 
sist ance  is  present  in  several  tdmatn  cultivars, 
The  stem  base  of  tomato  plants  can  be  affected 
by  southern  bhght  (Sclerotium  rolfsii),  espe- 
dally  in  the  presence  of  poorly  decomposed 
organic  matter  and  by  Phytophthorn  root  rot 
{Phytophthom  parasitica  and  Phyiophihom 
eapsiei)  under  excessive  irrigation  or  rainfall. 

Potentially  vety  destnicti\"r  fungal  diseases 
affecting  leaves,  stems  and  fruits  are  early 
blight  (AUemaria  solani)  in  hot  and  humid 
lowlands  and  late  lilight  {PJiyloiihlhora  in- 
ft'xt(iits)  in  the  eooler  tropical  highhmds  during 
the  rainy  season.  Fungicide  sprays  remain  the 
only  means  to  control  early  blight,  but  for  late 

blight  crimmri'cial  cviltivars  with  host  resis- 
tance are  gradually  becoming  available.  Uther 
fungal  diseases  include  grey  leaf  spot  (Stem' 
phyliuw  spp.),  leaf  mould  (^kiliia  fulrum), 
black  leaf  mould  (Pf^riiHncercnspnrn  fiili^^inra). 
internal  powdery  mildew  (LeieilUila  Imtrica), 
Septoria  leaf  spot  {S^toria  lyeoperaiei)  and 
target  spot  {Corynetpora  eeuaiieola).  Cultivars 


with  resistance  to  grey  loaf  spot  and  leaf  mould 
are  adequatel}'  protected  against  these  two 
diseases  under  tropical  conditions. 
Important  virus  diseases  m  tropical  Africa  are 
tomato  yellow  leaf  curl  viru.s  (TYLCV)  and  to- 
mato spotted  wilt  virus  (TSWV).  Depending  on 
the  virus,  t r.-insinission  is  liy  whitelly  (Pciiii- 
ciulabaci  for  TYLCV)  and  thrips  (FixinUliiiiella 
spp.  for  TSWV).  Some  varieties  tolerant  to 
these  two  viruses  have  recently  become  avail- 
able Raising  tomato  seedlings  under  an  insect- 
proof  net,  early  conti-ol  of  the  insect  vectoi-s  and 
general  field  sanitation  ram  serve  well  to  oon- 
tn.I  TYL(^\'  ati<l  TS\W. 

Where  two  different  major  diseases  occur,  host 
resistance  in  a  cultivar  to  both  pathogens  is  of 
great  advantage.  Examples  are  Fi  hybrid  culti- 
var 'Opjil'  for  bacterial  wdt  and  late  blight  (at 
intermediate  altitudes)  and  Fi  hybrids  Mongal 
and  'Somtam'  for  bacterial  wilt  and  TYLCV. 

Among  the  instM-t  [icsts  the  polyphnijous  to- 
mato fruitworm  or  armj'  worm  (Helicoverpa 
arm  i gem)  is  one  of  the  most  destructive,  caus- 
ing yield  losses  as  high  as  70%  due  to  fruit  bor- 
ing. A  spray  programme  with  Biobit  2X  {Bacil- 
lus lliuriiigieiiaia)  or  locally  approved  msecti- 
cides  provides  good  control  of  ec^  and  caterpil- 
lars before  fruit  entry.  Tomato  sboiild  nei  lie 
planted  near  alternative  hosts  such  as  maize  or 
cotton.  Whitefly  {Tititnisia  tabaci)  is  a  serious 
pest,  n<il  iinly  liei  juise  of  its  foraging  on  tomato 
plants,  but  also  liecause  it  is  a  vector  of 
TYLCV.  The  recent  aggravation  of  TYLCV  in 
tropical  Afirica  is  probably  linked  to  the  prolif- 

eratifin  of  whitefly  due  to  the  excessive  use  of 
synthetic  pyrethroids.  The  thrips  Fraiiidiiiiella 
oecidmtalis  has  become  a  problem  as  the  main 
vector  of  TS\W.  .Aphid  proliferation  is  some- 
what reduced  by  glandular  hairs.  On  the  other 
hand,  the  mite  Aculops  lycopersici  (synonym; 
Vaaates  lyet^teniei)  feeds  on  such  hairs,  induc- 
ing bronze-like  discoloration  of  the  stem  and 
leaf  necrosis  durmg  dry  and  hot  periods  of 
more  than  two  weeks.  It  can  be  controlled  by 
suli^ur  dusting  or  spraying  or  with  specific 
acaricides. 

lioot-knol  nematodes  (Meloidogyne  incognita 
and  other  species)  invade  tomato  roots  and 

cause  galling.  Yield  losses  caused  by  direct 
mfection  and  indirect  losses  due  to  predisposi- 
tion or  breakdown  of  resistance  to  other  root 
diseases,  such  as  bacterial  wHt,  are  significant. 
The  use  of  resistant  cultivars,  e.g.  Fi  Mongal', 
'Tengeru  97  or  Xina  (resistant  also  to  Xan- 
thomotms),  is  still  the  most  cost-effective  meas- 
ure, althou^  breakdown  of  resistance  can  oe- 
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cur  at  high  soil  tomporaturrs.  So  far.  no  host 
resistance  to  Meloidogyne  hapla  has  been 
found  Cultural  measures  to  avoid  nematode 
infestations  are  trup  rotation  with  non-hosta 
(grasses,  amaranths)  and  mcreasmg  the  or* 
ganic  matter  content  of  the  soil.  Occasional 
fruit  damage  by  birds  fi-eding  on  the  seeds  may 
require  bird-scarmg  or  growing  the  tomato 
plants  under  netting. 

Harvesting  I'rcsh -market  tomato  fruits  are 
often  han'ested  at  (hfferont  stagos  of  riprnoss 
from  mature  green  to  pale  pink,  depending 
upon  distance  and  time  needed  to  market  ilie 
fruit.  Genciidly.  fruits  harvested  at  pre-ripe 
stages  tend  to  have  lower  quality  (i.e.  lower 
aohible  solids,  aaooibic  add  and  reducing  sug- 
ars) than  fruits  ripened  on  the  plant.  The  na- 
ture of  the  growth  and  ripening  pattern  of 
fresh-market  tomato  cuitivars  requires  fre- 
quent pidcings. 

Tn  rontrasl  to  tbo  frosh -market  or  table  tomato 
fruits,  processmg  fruits  are  picked  when  fully 
ripe.  In  developed  countries  harvesting  is  often 
by  machine.  Tomato  fruits  used  for  pureed 
products  such  as  soup,  juuf  and  sauc^.  are  left 
on  the  plant  until  over  85%  of  them  are  ripe. 
Those  for  whole  fruits  are  picked  while  still 
firm  but  often  only  ().">%  of  the  rrop  may  be 
ready  to  pick  at  any  one  time.  So-called  joml- 
less'  fruit  stalks  allow  mechanical  harvesting  of 
processing  fruits  devoid  of  .stalk  and  calyx.  On 
tbe  ntbe!-  hand,  stalks  and  calyx  usually  ro- 
uitun  attached  to  fresh-market  tomato  fruits  as 
a  result  of  jointed  stalks. 

Yield  The  woild's  average  tomato  yiebl  in 
2001  was  27  t/ha,  but  m  tropical  Africa  only  8 
t>ha  of  fruits  are  obtained  on  average  from  an 
open-field  tomato  crop.  Some  average  yields 
per  count ly  arc:  Xiperia  7  t/ha  Kenya  12  t/ha 
Egypt  35  tVha,  France  120  t/ha.  Extremely  high 
tomato  srields  (rf  460-600  t/ha  are  obtttined  in 
heated  and  lighted  glasshouses  in  the  Nether- 
lands with  a  harvesting  period  of  9  months 
from  a  single  crop. 

Seed  yields  are  100-150  kg/ha  for  Fi  hybrids 
and  up  to  300  kg/ha  for  open-pollinated  culti- 
vars. 

Handling  after  harvest  After  piddng,  to- 

mato  fruits  may  be  moved  to  a  shady  place  to 
prepare  them  for  the  market.  Properlj-  sorted 
and  graded  fixiits  generally  command  a  better 
market  price  than  ungraded  ones.  The  market- 
able fruits  are  packaged  in  containers  often 
10-2o-kg  wooden  or  plastic  boxes.  Processing 
tomato  fruits  are  popular  in  market  gardens  in 
the  tropics  because  their  firmer  fruit  better 


withstands  long-distance  tran.sport  over  bad 
roads.  Storage  life  of  tomato  fruits  depends  on 
the  maturity  stage  at  which  they  were  picked 
and  on  the  desired  quality.  Quality  is  highest 
when  completely  ripe,  whether  ripened  artifi- 
cially or  on  the  plant.  Ideally  mature-green 
tomatoes  should  be  stored  for  7-10  d;»ys  at 
13-18«C  with  85-90%  relative  humidity  to 
ripen  properly.  Tomato  fruits  of  modem  'long- 
shelf  life'  Fi  hybrid  cultivars,  which  combine 
fruit  firmness  with  delayed  ripening  can  be 
harvested  at  the  red-fruit  stage  and  still  be 
stored  for  more  than  two  weeks  before  con- 
sumption Tdlnur  is  the  single  most  important 
visual  parameter  of  tomato  quality  as  iyco- 
pene  formation  is  also  correlated  with  flavour. 
Lycopene  develuitment  at  temperatures  above 
SO'C  IS  t,'ener!illy  ]tooi-.  This  is  the  main  rea- 
son why  many  non-adapted  tomato  cultivars 
grown  in  the  hot  tropics  tend  to  have  a  pale 
red  or  yellowidi  colour  and  are  poorly  fla- 
voured. 

Glenetic  resources  Many  institutional  col- 
lections of  cultivated  and  wild  Lycopersicon 
exist.  Some  of  these  collections  have  been  well 
described,  evaluated  and  documented  for  use 
by  tomato  scientists,  the  most  important  one 

being  the  ("^.M  Rick  Tomato  Henetic  Resources 
Center  (TCIRC)  at  the  University  of  California, 
Davis,  United  States.  The  TGRC  maintains  at 
present  about  1060  accessions  of  tiie  9  Lymjn'r- 
sicon  and  1  related  Solniiitm  species  ;>()()  ac- 
cessions of  monogenic  (spontaneous  and  in- 
duced) mutants  affecting  all  aspects  of  plant 
development  inf regressed  disease  resistance 
g^es  and  protem  marker  stocks,  and  1190 
miscellaneous  accessions  including  linkage 
tester  stocks,  trisomies,  translocations,  Latin 
.American  cultivars  and  various  progenies  from 
interspecific  pre-breeding.  A  large  collection  is 
also  maintained  at  the  Asian  Vegetable  Re- 
search and  Development  Penter  (.WTJDC)  in 
Taiwan  and  the  N.I.  Vavilov  Institute  of  Plant 
Industry  (VI R)  in  Russia.  Since  modem  im- 
prnved  l  uhn  ars  are  rapidly  replacing  the  old 
Umdraci's  th>'  latter  should  be  collected  for 
future  breeding  purposes. 

Breedinir  In  tomato  breeding,  methods 
common  to  self-pollinated  crops  have  been 
complemented  with  those  specific  to  outbreed- 
era.  Selected  inbred  lines  developed  from  intra- 
and  interspecific  crosses  and  backcrns-i  s  fol- 
lowed by  line,  pedigree  and  recurrent  selection 
can  be  either  released  as  cultivars  or  used  as 
parent  lines  for  the  production  of  Fi  hybrid 
cultivars.  Although  more  eiqiensive  to  produce 
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(seed  multiplication  mostly  hy  hand- 
pollination),  Fi  hybrids  are  often  higher  jield- 
ing  as  a  result  of  transgressive  hybrid  vigour  in 
crosses  with  genetically  divergent  inbred  lines. 
However,  the  main  advantage  is  the  potential 
of  combining  several  disease  resistances  and 
oiher  inte  resting  plant  and  firuit  diaracters  in 
one  cultivar. 

Many  characters,  including  resistance  to  sev- 
eral diseases  and  pests,  are  controlled  by 

monogrnos  Howovor  fruit  quality,  rosistnnro 
to  diseases  lilve  bacterial  wilt  and  TYLCV,  heat 
tolerance  and  other  agronomic  characters  are 
inherited  polygenically.  Selection  requires  i  x- 
tensive  field  testing  and  progress  is  often  much 
slower.  Breeding  work  at  the  University  of 
Florida  has  produced  cultivars,  such  as  F\o- 
rade'  (disease  resistances,  firm  fruits  and  adap- 
tation to  the  hot  and  humid  summers  of  Flor- 
ida), whidi  have  been  progenitors  of  several 
cultivars  rrcommondrd  for  tropical  climates. 
Other  important  contributions  have  come  £rom 
Hawaii  (resistance  to  root-knot  nematodes, 
genetic  studies  on  bacterial  wilt  and  TSWV 
resistant^?),  Israel  <TYLCV  resistance.  long 
shelf  life),  French  West  Indies  (bacterial  wilt 
resistance  and  tolerance  to  hi^  night  tem- 
peratures), Cuba  (heat  resistance  associated 
with  TYLCV  tolerance),  France  (INRA- 
Avignon:  high  levels  of  TYTX7V  resistance)  and 
Soulh-East  Asia  (.W  '  M  '  in  Taiwan  and  Thai- 
lanil:  bartorini  wilt  and  other  disease  rens- 
tances,  heat  tolerance). 

Tomato  is  one  of  the  best-studied  crops,  reflect- 

iiit:  i<<  uifal  eronoinic  importance.  Many  im- 
portant genetic  traits  have  been  discovered, 
evaluated  and  genetically  localized  in  their 
respective  chromosomes.  Tomniu  h;i.<  a  j)rolifi- 
cally  marked  genome  very  i]si  lul  in  pcnclic 
and  breeding  research  and  has  become  an  im- 
portant subject  for  bkrtiechnological  studies. 

^^^l(•t^  jirom'i'ss  has  already  b<'cn  made  with 
molecular  marker-assisted  selection  and  ge- 
netic transformation. 

Prospects  Tomato  scientists  have  accom- 
plished a  great  deal  in  the  past,  including  im- 
provements in  yield,  disease  resistance, 
adaptability  to  machine  harvesting,  processing 
and  nutritional  qualify,  and  tolerance  of  envi- 
ronmental stress.  However,  the  vast  reservoir 
of  genetic  variability  in  Lycopenieon  remains 
largely  unexploited.  Conventional  lu.iding 
methods  are  still  expected  to  be  the  mainstay 
of  future  improvement  programmes.  At  the 
same  time,  molecular  breeding  ia  rapidly  gain- 
ing momentum  also  in  tomato.  Its  integration 


into  existing  programmes  will  allow  plant 
breeders  to  access,  transfer  and  combine  genes 
at  a  rate,  precision  and  genomic  range  never 
achieved  by  conventional  metho<ls  Indeed,  the 
prospects  for  further  improvmg  the  tomato 
crop  are  bright  also  for  tropical  conditions. 

Major  references  .\nais.  (1  .  1997:  Ather- 
ton,  J.G.  St  Rudich,  J.,  1986;  Hanson,  P.,  Chen, 
J.T.,  Kuo,  C.G.,  Morris,  R.  &  Opefia,  R.T.,  2001; 
Kinel.  d.M.  &  Peet,  M.M.,  1997,  Laterrot.  H., 
1997  Madhavi,  D.L.  &  Salunkhr-  O.K.  19!t8: 
Nono-V\omdim,  R.,  Swai,  i.S.  &  Chadlia,  M.L,, 
2001;  Opefia,  R.T.  &  van  der  Vossen,  H.A.M., 
1993;  van  den  Berg.  K.H,.  Harcndse.  d.WM., 
van  der  Weerden  G.M.  &  .Manani,  C.  (Editors), 
2001:  Varela,  A.M.,  S^t  A.A.  &  Loehr,  B., 
2001b, 

Other  references  Atanassova.  B..  1999; 
Chunwongse,  J.,  Chunwongse,  C,  Black,  L.  & 
Hanson,  P.,  2002;  Deberdt,  P.,  Queneherve,  P., 

Darrasse,  .\.  &  Prior,  P.,  1999;  Ficcandenti  X., 
Sestili,  S  I'lmiiolfini,  T.,  Cirillo,  C,  Rotino, 
G.L.  &  Sj.i  na  A  .  1999;  Giovannucci,  E.,  1999; 
Gubba,  A.,  Gonsalves,  C,  Stevens.  M,R,,  Tri- 
coll,  DM  &  Gonsalves,  D..  2002  Kalloo.  G.. 
layjb;  Kokalis-Burelle,  N.,  2002;  Laterrot,  II., 
ldB3;  Laterrot,  H.,  1996;  N<mo-Womdim,  R., 

Swai,  I  S.,  Green.  S.K  <  ".ebre-Selassie,  K.. 
Laterrot,  H.,  Marchoux,  G.  &  Opena,  R.T., 
1996;  Nono-Womdim,  R.,  Swai,  I.S..  Mrosso, 
L.K.,  Chadha  ML.  &  Opena,  R.T.,  2002; 
Opena,  R.T.,  1985;  Opena,  R.T.,  Green,  S.K., 
Talekar,  N.S.  &  Chen,  J.T.,  1989;  Opena,  R.T., 
Swai,  I.S.,  Meghji,  M.,  Altoveros,  E.C.  ft  Nono- 
Womdim.  R.,  1996;  Philouze.  -I.  &  Lat-  riot.  H., 
1992;  Porretta,  S.,  Poll,  G.  &  Mmuti,  E.,  1998; 
Prior,  P.,  Grimault,  V.  &  Schmit,  J.,  1994;  Rick, 
I  '  M.,  197S;  Sengupla,  A.  &  Das,  S.,  191»9. 

Sources  of  illustration  Opena,  R.T.  &  van 
der  Vossen,  H.A.M.,  1993. 

Antbon  HAM.  van  der  Voasen,  R.  Nono- 
Womdim  &  C.-M.  Messiaen 


BlARSILEA  MINUTA  L. 

Protologue  iManl.  pi:  308  (1771). 

Family  Marsileaceae 

Chromosome  number  2;/  -  10,  'iO 

Synonyms  Marailea  aeiiegaleiisia  A.Braun 
ex  Baker  (1887). 

Venmoular  names  Water  dover  (En).  Mar- 
silee  marsilea,  marsilia.  fougere  d'ean  (Fr). 

Origin  and  geographic  distribution  Mar- 
ailea minuta  is  found  throughout  AMca, 
Madagascar  and  the  Comoros.  It  also  occurs 
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widely  in  tropical  Asia  and  as  a  weed  in  the 
southern  United  States. 

Uaei  The  bright  green  leaves  of  Marsilea 
mimita  are  tfiulfr  and  eaten  as  a  pothcrlt  in 
Senegal,  Gambia  and  India.  In  Nigeria  the 
extract  of  whole  MarsUea  plants  is  used  as 
aphrodisiac  and  for  increased  fertility.  In  India 
the  leaf  juice  uf  Marailea  iniiaita  is  used  to  stop 
nose  bleeding,  indigestion  is  treated  by  eating 
the  pounded  leaves  cooked  wiih  l  uc  and  swell- 

ing  of  the  pums  is  rrHucer]  by  Mpiilying  leaves 
that  have  been  boiled  rolled  m  a  leaf  of  Shorea 
rolHista  P.Gaertn.  Water  dover  is  planted  as 
an  ornamental  potplant  and  is  used  more 
commonly  as  a  garden  plant  for  pond  decora- 
tion. 

Properties  No  studies  of  the  nutritional 

value  or  plant  cDnstituents  are  known  When 
fed  to  gerbils,  a  leaf  extract  u[  Marsilea  iniiuila 
reduced  cholesterol  and  triglyceride  levels  in 

Mood  and  liver  substantially  Moreover,  the 
treatment  prevented  the  accumulation  of  these 
compounds  in  liver  and  aorta  and  dissolved 
atheromatous  plaques  of  thoracic  and  abdomi- 
nal aortas 

Botany  Small  creepmg  fern  with  erect  4- 
foHoIate  leaves,  arising  solitary  from  the  nodes 

on  a  long  creeping  rhizome,  rooting:  at  the 
nodes.  Leaves  composed  of  4  obdeltoid  ieailets, 
0.4-2.6  cm  long  and  wide,  all  inserted  at  the 
top  of  the  slender  3-8(— 26)  cm  long  petiole. 
Sporornrps  crowded  or  in  groups  of  2-3  arising 
at  the  base  of  the  petiole,  on  stalks  of  (2->3-7 
mm  long,  laterally  flattened,  very  variable  in 
size.  .3— 4(-'i)  mm  2,.'")-.3(- 1  mm.  circular  to 
elliptical,  densely  appressed-piiose  when 
young,  quite  glabrous  and  dark  brown  to  al- 
most black  when  mature,  with  two  distinct 

teeth  and  H-12  sori. 

Marsilea  ininuta  is  the  widest  distributed  spe- 
des  of  the  gmus  and  also  the  most  variable. 

\'ar.  iururva  (.\.P>raun)  T.aunrrt  is  found  from 
Senegal  to  Ghana  and  differs  from  var.  ininuta 
in  the  angle  between  stalk  and  sporocarp, 
which  exceeds  90°,  The  numerous  misidentifi- 
cations  in  Marsilea  hinder  the  interpretation  of 
scientific  work. 

Marmlea  quadrifolia  L.,  a  drcumboreal  spe- 
cies, is  often  mrntionod  as  occurring  in  Afirica, 
but  this  is  certainly  not  correct  for  sub- 
Saharan  Africa,  and  all  information  published 
for  Marsilea  quadrifoMa  in  this  area  must  be 
attributed  to  other  species. 

Ecology  Marsilea  mimtta  grows  m  swamps, 
stagnant  water,  edges  of  rivers  and  seasonally 
flooded  land.  It  also  occurs  in  wet  rice  fields, 


where  it  sometimes  becomes  a  nuisance  be- 
cause it  forms  large  and  dense  colonies. 

Management  In  Nigeria  Marsilea  is  re- 
corded as  boing  K'i-'<\\  n  near  the  house  for  ready 
use  as  an  aphrodisiac  and  as  an  ornamental. 

Genetle  resources  and  breeding  Marsilea 
ininuta  is  widespread  and  not  threatened  by 
genetic  erosion.  No  germplasm  collections  of 
Marsilea  are  known. 

Proqieots  Marsilea  is  traded  on  a  Umited 
scale  as  an  ornamental  because  of  its  peculiar 
leaves.  However,  because  of  the  fact  that  they 
have  four  leaflets,  which  by  tradition  brings 
tiniul  luck  if  found  in  clovers,  the  plant  may 
remain  a  spedalty  for  a  long  time  to  come. 

Major  references  Afnaatini,  J.J.,  2003; 
Buddll,  H.M.  2000  Gupta,  R.S.,  Kumar,  P., 
Sharma.  A.,  Bharadwaj.  T.N.  &  Di.\it,  V.P., 
2UU0;  Nwosu,  M.O.,  2002;  Tattersall,  S.L., 
1978. 

Other  references  .\Iston,  .A.H.G.,  1955); 
Laimert,  E.,  1968;  Launert.,  E.,  1984;  Swami- 
nathan  Researdi  Foundation,  M.S.,  undated. 

Authors  W.J.  van  der  Burg 

BfAYTENUS  HETEROPHYLLA  (Eckl.  &  Zeyh.) 
N.Robson 

Protologne  Bol.  Soc.  Brot.,  s^r.  2,  39:  17 

(19(>5). 

Family  '  V-lastrarrno  ( f  lippocrateaceae) 
Synonyms    Gynuiuspuria    buxifolia  (L.) 

S^rszyl.  (1888). 
Vernaciilar  names  Common  q>ike-thom 

(En). 

Origin  and  geographic  dlalrlbutkm  Mayte- 

niia  heterophylia  is  distributed  from  eastern 
DR  ( 'oniro  Sudan  and  Eritrea  exfendinsi  south 
to  southern  xAfrica,  but  it  is  not  recorded  from 
Namibia;  it  also  occurs  in  Madagascar. 

Uses  The  roots  of  Mayfenu.t  hefrrnphylln  are 
boiled  and  eaten  as  a  vegetable  by  the  Maasai. 
The  wood  is  very  hard  and  heavy  and  resem- 
bles bo.wv  Odd  (liiixus).  It  is  suitable  for  making 
small  ob|ei-ts  such  as  spoons  and  stools,  for 
curving  and  for  throwing  slicks  (knobkerries). 
Medicinal  uses  are  reported  throughout  its 

range  The  leaves  are  used  against  painful 
menstruation,  a  bark  infusion  to  treat  diar- 
rhoea and  as  an  emetic,  and  roots  as  an 
anthelmintic,  against  hernia  and  as  a  cure  for 
syphilis.  Unspecified  plant  parts  are  used  as  a 
remedy  for  snakebite,  epilepsy,  abscesses  and 
convulsions  in  children.  A  leaf  and  baric  infu- 
sion is  used  against  diarrhoea  in  cattle. 
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Properties  .Vntimicrobially  active  ethonol 
extracts  of  leaves  and  bark  of  Maytenus  hetero- 
phyUa  yielded  a  dihydroagarofuran  alkaloid, 
lp-«n;'toxy-9a-l)(nizoylii.\v-2p  (-ir/-(linicotinoyloxy- 
p-dihydroagarofuran.  Various  p-dihydroagaro- 
fiiran  sesquiterpene  polyesters  isolated  from 
members  of  Celastraceae  have  bei  n  fniind  to 
have  insecticidal  and/or  insect  antifeedant  ac- 
tivities. Other  compounds  that  have  been  iso< 
lated  are  P-.-imyrin.  maylenfolir  add.  .'^rt-hy- 
droxy-2-o\()fi-i(^Hr'lnno-20a-carboxylic  ncid  lup- 
20(29)-ene-lp,3p-diol,  (-)- 1  -methylepigallocate- 
chin,  and  (-)-epicatediin.  Majrtenfolic  acid  has 
mixli'iatf  .inlimicrobial  activity:  it  showed 
growth  inhibition  of  Candida  albicans,  Crypto- 
eocais  neoformema,  Staphyloeoeeus  aatrms  and 
Paetidoiiwnas  aeruginosa.  Dulcitol  has  been 
isolittei]  from  unspei-ifii'd  plant  parts.  May- 
lansmoids  have  been  isolated  from  other  May- 
tenua  species,  whidi  have  shown  significant 
nndlumniir  nnd  nntiloukaemic  arlivitifs. 

Botany  Dioecious  shiub  or  small  troo.  up  to 
6  m  tall,  with  spines  up  to  3.5  cm  long.  Leaves 
alternate  or  fasciculate,  simple:  stipules  free, 
somewhat  {letsistenf :  petiole  1-4  mm  long: 
blade  elliptical,  oblanceulate  ur  spatulate,  1-G 
cm  X  0.6-2.6  cm,  base  cuneate,  apex  usually 

nhliis<'  margin  sernilale  to  rdmost  (•ntire  gla- 
brous on  both  sides.  Inilorescence  an  a.viUary 

3-  12-flowered  cyme,  0.5— 2(— 3.5)  cm  long.  Flow- 
ers bisexual,  regular,  5-merous,  up  to  (>  mm  in 
diamotor;  sopalp  up  to  2  mm  long:  petals  up  to 
3  mm  long,  greenish  white  to  yellow.  Fruit  an 
obovoid  to  globose  capsule,  brown  when  dry,  2- 

4-  seeded.  Seeds  c.  3  mm  x  2  mm.  glossy  red- 
dish brown,  with  yellow  aril  covering  from  one- 
to  two-thirds  of  the  length  of  the  seed. 

The  generic  limits  of  Maytenus  are  pn^sently 
under  review.  It  is  likely  that  }fayt<'iiiis  lielero- 
pliylla  will  be  transfered  to  the  genus  Uynmo- 
aporia. 

Ecology  Mayleitiis  Ju-lri'npliylJa  oreurs  in 
forest,  forest  margins  and  woodland,  often  on 
sandy  and  riverine  localities  at  altitudes  from 

sea  l«  vel  to  3000  m. 

Genetic  resources  and  breeding  .l/av/c- 
nus  lieleropkylla  is  widely  distributed  and  not 
threatened.  The  variation  in  morphology  is 
r specially  large  in  the  southeni  part  of  its 
range.  The  variation  in  the  ccmtent  of  may- 
tansinoids  in  Maytenus  is  large  and  not  fully 
understood:  the  variation  is  not  documented  for 
Maytenus  hclcrofifiyUa. 

Prospects  Interest  in  Maylenua  hetero- 
phyUa  is  likely  to  increase  because  of  its  me- 
dicinal properties.  A  definite  taxonomic  as- 


sessment of  Maytenus  and  close  relatives  is 
indispensable  for  research  into  pharmacologi- 
cal propert  ies  of  the  genus  and  related  species. 

Major  references  Beentje  11  . 1,  1991b: 
Demissew  Sebsebe,  lUSo;  Jordaan,  M.  &  van 
Wyk.  A.E.,  1999;  Watt,  J.M.  &  Breyer- 
Hr.itidvN  !ik,  M.(^  1962. 

Other  references  Orabi,  K.Y.,  Al-Qasoumi, 
S.I.,  El-Olemy,  M.M.,  Mossa,  J.S.  &  Muham- 
mad, 1.,  2001;  Rob.son,  N.K.B.,  1<)8;):  Robson, 
X  K  B.,  Halle,  N.,  Mathew,  6.  &  Blakelock.  R, 
1991. 

Authors  C.H.  Bosch 


MEDINILLA  MIRABTLIS  (Gilg)  Jacq.-Pel. 

Protologue  Adansonia,  ser.  2,  17(1):  78 
11977). 
Family  Melastomataoeae 
Synonyms  Myrianihemum  mirabUe  Gilg 

(181J7). 

Origin  and  geographic  distribiiiion  MedU 
iiilla  mimbUia  is  found  in  Nigeria,  Cameroon 

and  ("abon. 

Uses  In  (Jabon  the  young  leaves  oi  Medinilla 
mirahUia  are  collected  from  the  wild  and  eaten 

as  a  rooked  \cgelabl(-  often  wi(h  fish  or  meat, 
gi\  ing  it  an  acidulous  taste.  Heated  leaves  are 
applied  to  cicatrize  wounds.  The  leaves  mixed 
with  melegueta  pqjper  (4/iYimom»m  me2e;gHeto 

I\  Si'liinn  )  ser\'e  as  n  rough  medirine 

liotany  Climbing  shrub  or  liana,  with 
rounded,  glabrous,  oft«n  purplish  stem  up  to  10 
m  long  Leaves  usually  arranged  in  whorls  of  4. 
simple,  slightly  leather^',  young  leaves  wine 
red;  petiole  up  to  2  cm  long;  blade  obovate- 
elliptical,  16-30  cm  x  5-15  cm,  base  rounded, 
npox  rounded  or  nruminnte  margin  entire  or 
sparsely  and  obscurely  toothed,  3~5-vemed, 
with  transverse  veinlets.  Inflorescence  a  csna» 
arranged  in  dense  clusters  at  the  nodes  of 
woodj'  stem  near  ground  level.  Flowers  bisex- 
ual, regular,  4-merous;  pedicel  slender,  3-5  cm 
long:  hypanthium  globular-ellipsoid,  c.  4.5  mm 
long:  eal\x  eampanulate,  with  short  lobes  or 
leeth;  petals  free,  ovate  to  orbicular,  c.  7  mm  X 
3  mm,  slightly  fleshy,  pink  to  purplish;  sta- 
mens 8,  arranged  in  2  whorls  of  4,  unequal, 
anthers  with  2-3-lobed  appendix  at  base,  open- 
ing by  an  apical  pore;  ovaiy  inferior,  completely 
(•(innate  with  hypanthium,  many -celled  style 
slightly  curved  c.  7  mm  long  .stigma  flattened. 
Fruit  an  urceolate  false  berrj'  up  to  1.5  cm 
long,  daik  purple,  many-seeded.  Seeds  wedge- 
shaped,  c.  1  mm  long. 
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Medinilla  comprises  about  100  species,  the 
majority  of  which  are  found  in  tropical  Asia.  In 
mainland  Africa  only  3  spedes  occur,  but  in 
Madagascar  about  70. 

Ecology  MediniUa  mimbilis  is  restricted  to 
rainforest.  It  is  foirly  common  in  Cameroon 
and  Gabon,  less  common  in  Nigeria,  from  sea- 
level  up  to  700  m  altitude. 

Genetic  resources  and  breeding  M&U- 
nUla  inirahilis  is  not  widespn^ad  and  liable  to 
genet ir  orosiDn  w  ith  ])nit:r<  ssiv('  dcforostnt ion. 

Prospects  Mediitilla  iiiirabilis  will  i-emain  a 
minor  wild  vegetable.  Research  is  needed  on  its 
nutritional  and  medicinal  properties  for  a  reli- 
able evaluation.  MediniUa  mirabilia  is  a  pecu- 
liar, beautiful  liana  with  potential  for  use  as  an 
ornamental. 

Major  references  Diirkill  II.M..  1997; 
Jacques-Felix,  II.,  1983;  Raponda-Walker,  A.  & 
Sillans,  R.,  1961. 

Otber  references  Keay,  R.W.J.,  1954c. 
Authors  P.C.M.  Jansen 


Melochu  corchorifolia  L. 

Protologue  Sp.  pi.  2:  876  (1763). 

Family  Slerruliacene  (.APC:  Malvaceae) 
Chromosome  number  2ii  —  36,  46 
Veranoiilttr  names  CSiocolate  weed,  red- 
weed,  wire  bush  (En).  Herbe  a  balai  (Pr). 

Mpn[iii  (I'll)  Pombo  (Sw). 

Origiu  and  geographic  distribution  Melo- 
ehia  eorehorifoUa  is  widespread  in  tropical 

AfVicn  Asia  and  Australia.  It  h;is  been  intro- 
duced in  America  and  is  widely  naturalized 
there. 

Uses  The  leaves  of  Melochia  corchorifolia 

are  enten  as  a  potherb  in  West  Afrir.i  and 
southern  Africa.  The  cooked  leaves  provide  a 
popular,  slimy  side-dish  in  Malawi.  Similur  use 

of  the  lonvfs  is  roportod  frnni  Tndo-China  and 
India.  Melochia  corchorifolia  is  eagerly 
browsed,  either  green  or  dry,  by  cattle  in  Su- 
dan but  less  so  in  Senegal.  Fibres  extracted 
from  the  b;irk  aif  fine  and  strong  and  are  used 
like  those  ol  Triuiii fella,  L  reiia  and  Hibijicuji. 
The  stems  are  used  for  tying  bundles  and  are 
used  in  the  mnstnirtion  of  eonirnl  roofs  for 
local  houses.  Leaves  are  used  for  unspecified 
stomadi  disorders  in  coastal  East  Africa.  In 
Benin  the  seed  is  used  to  treat  stomachache.  In 
Malaysia  and  India  the  leaves  and  roots  are 
used  to  treat  a  wide  range  of  medical  problems: 
urinary  disorders,  abdominal  swelling,  dysoi- 
tery,  snakebites  and  sores.  An  aqueous  solution 


of  loaves  has  msecticidal  properties.  Pulses 
stored  in  gunny  bags  treated  with  the  solution 
have  diown  a  reduction  m  ihe  number  of  eggs 
laid  and  in  damage  done  by  the  storage  pest 
Callosobmchus. 

Properties  Phytodiemical  analysis  of  leaves 
of  Melochia  corchonfalia  has  revealed  the 
presence  of  triterpenes  (friedelin,  friedelinol 
and  P-amyrin),  flavonol  glymsides  (hibifolin, 
triflin  and  melocorin),  aliphatic  compounds, 
flavonoids  (vitexin  and  I'obunin)  P-D-sitiisteroI 
and  Its  stearate,  P-D-glucoside  and  alkaloids.  A 
pyridine  alkaloid,  6-methozy-3-propenyl-2- 
pyridine  rarlioxylic  acid,  may  be  important  as 
related  pyridine  derivatives  are  physiologically 
active. 

Melochia  lomentoaa  L.  and  Melochia  pyrami- 
data  L..  both  originating  from  tropical  Amer- 
ica, have  been  implicated  in  poisoning  and 
causing  paralysis  and  tumours. 

Botany  .\nnual  or  perennial  herb  ererf  to 
spreading,  up  to  i.3(-2.0)  m  tall:  stem  with  a 
Ime  of  stellate  hairs.  Leaves  arranged  spirally, 
simple;  stipules  subulate-lanceolate,  c.  1  cm 
lony:  petiole  0.r)-2(-3)  cm  long;  blade  narrowly 
to  broadly  ovale,  up  to  7.5  cm  x  5.5  cm,  base 


Melochia  corchorifolia  -  1,  plant  habit;  2,  flow- 
era;  3,  fruit;  4,  seed. 
Source:  PROSEA 
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caincatc  to  truncate,  apex  acute  to  rounded, 
margin  acutely  serrate,  (3-)5-veined  from  the 
base.  Inflorescence  a  condensed  axillarj'  or 
terminal  cyme.  Flo\v<  rs  hisexual.  regular.  5- 
mei-ous;  calyx  campanulate,  c.  3  mm  long, 
short-teethed;  petals  obovate,  c.  8  mm  long, 
white  with  yellow  base  inside;  stamens  united 
almost  to  the  top  of  the  filaments;  ovar>-  supe- 
rior, 6-celled,  styles  5,  united  at  baae.  Fruit  a 
globose,  r)-valv<>(l  capsule  c.  5  mm  in  diameter, 
few-seeded.  Seeds  S-sided,  c.  3  mm  x  2.6  mm, 
striate. 

Mdoehia  comprises  about  50  species,  with  3 

species  occurring  in  mainland  tropical  Africn 
MeUtchia  meUsaifoUa  Bonth.  is  found  in  both 
tropical  Africa  and  trapieal  America.  It  occurs 
in  swampy  grassland  and  on  waste  griauid  It 
diffeis  from  Mvloch'ui  corchorifolia  in  the  all- 
round  pubescence  of  the  stems.  Both  species 
are  highly  variable  and  have  similar  uses. 

Ecology  .Vc/or/i/o  cnrrhorifniia  is  mostly 
found  in  sunny  or  slightly  shaded,  humid  lo- 
calities such  as  river  banks,  lake  shores  and 
alluvial  plains.  It  is  a  common  anil  unpurtant 
weed,  notably  in  lin'  (heth  upland  and  low- 
land), soybean,  cotton  and  cassava. 

Management  In  the  literature  mention  is 

made  of  niltivnlion  of  }frlochia  rorrliori folia 
but  no  details  seem  to  have  been  pubhshed. 
Propagation  is  done  by  seed,  germination  can 
be  improved  considerably  by  scarification. 
Scarified  seed  germinates  best  at  temperatures 
of  35— lO'C.  Melochia  corchorifolia  is  reported 
to  be  a  host  of  Aingal  diseases  (RhizocUmia 
solan  f) 

Genetic  reaources  and  breeding  Genetic 
erosion  is  not  hkely  as  the  geographical  distri- 
bution o{ Melochia  corchorifolia  is  extensi\c 

Prospects  Melochia  cnnhori folia  will  i^e- 
main  locally  of  some  importance  as  a  collected 
vegetable.  Its  weedy  nature  warrants  caution 
for  promoting  wider  use  and  ridti\-ntinn.  ()uite 
some  research  has  been  done  on  the  phyto- 
chemistiy  but  little  is  known  about  the  phar- 
macological properties  of  its  com|>ounds. 

Major  references  Burkill,  II. M..  2000: 
Eastm,  E.F.,  1083;  Goldberg,  A.,  1967;  Wild, 
H.,  1961b;  Ysrael,  M.C.,  1999. 

Other  references  .\renes,  J.,  1959;  Black, 
B.D.,  Griffin,  J.L.,  Russin,  J.S.  &  Snow,  J.P., 
1996;  Raja,  N.,  Babu,  A.,  Dom,  S.  & 
Ignacimuthu,  S,.  2001;  van  der  Zon,  A.P.M.  & 
Grubben  G  J.H    1976;  Williamson  J.,  195.5. 

Sources  of  illustration  Ysrael,  M.C.,  1999. 

Authors  C.H.  Bosch 


MiCROCOCCAMERCURIAUS  (L.)  Bonth. 

Protologue  Hook.,  Niger  F1.:  503  (1849). 

Family  K u  ph  o rl  >  i ; i ren e 

Chromosome  uiunber  2n  =  20,  -lO,  60 

Synonjrms  Tragia  mercurialia  L.  (1753), 
MerciiHaHs  al tern  i folia  ham.  (1797),  CkuM^fiau 
mercurialis  (L.)  Thwaites  (1861). 

Origin  and  geographic  dlstrlbutiou  MicrO' 
cocca  mercurialis  occurs  tbmughout  tropical 
Africn  Yemen  Indi.-i  Sri  Lanka,  western  Ma- 
laysia and  northern  Australia. 

Uaes  In  Benin  and  Gabon  leaves  of  Micro- 
cocca  mocinialis  are  eaten  as  a  vegetable.  In 
Uganda  leaves  are  w  idely  used  as  a  vegetable 
and  the  method  of  }ireparation  and  popularity 
differs  by  region.  They  are  sold  in  local  mar- 
kets and  dried  and  pounded  to  powder  for 
storage  and  later  use.  In  Congo  the  plant  is 
used  to  treat  fever  in  children,  and  plant  sap  is 

instilled  into  nose,  eyes  or  ears  to  treat  head- 
ache, filariasis  of  the  eye  and  otitis,  respec- 
tively. 

Properties  The  leaves  of  Mieroeocea  mercu- 
rialis have  an  acid  taste. 

Botany  Annual  herb  up  to  60  cm  tall. 
Leaves  alternate;  stipules  small,  early  cadu- 

cmis  [ii'tiole  up  to  '■'.'•>  cm  long  blade  OVate  to 
lanceolate,  2-7.5  cm  x  1-4  cm,  rounded  at 
base,  apex  acuminate,  margin  crenate,  glabres- 
oent  to  subglabrous,  dull  grey-green.  Inflores- 
cence a  raceme  :]-\'2  cm  long  with  flowers  ar- 
ranged mterruptedly  in  dusters  of  1  female 
flower  and  several  male  flowers.  Flowers  uni- 
sexual  pciliccl  2  mm  long,  petals  absent:  male 
flowers  with  3  calyx  lobes  leas  than  1  mm  long, 
yellow-green,  stamens  3-20  (in  African  speci- 
mens ofte  n  9)  disc  glands  stipitate,  spatulate, 
purple;  fomalc  llowers  with  3-5  calyx-lobes, 
lanceolate,  2  mm  long,  green  with  hyaline 
margin,  ovaty  superior,  3-kibed,  styles  3,  1  mm 
long  disc  glands  linear-filiform,  1  mm  long. 
Fruit  a  subglobose,  3-lobed  capsule  2.5  mm  x  4 
mm,  strigose,  purplish.  Seeds  angular^ 
subglobose,  2  mm  x  1.5  mm,  pink-brown  to 

blackish 

Micrococca  comprises  about  12  species,  and  is 
distributed  in  the  tropics  of  the  Old  World. 

Micrococca  /»e;r;;r»oiMr  comprises  a  polyploidnl 
complex  selected  by  climate,  which  determines 
the  duration  of  the  growth  cyd.e:  2n  =  20  (dip- 
loid, dry  Sudan  /one  short  growth  <yde),  2»  - 
40  (tetraploid  inti  rnn  diate  guinean  zone),  2ti 
=  60  (hexaploid,  humid  dense  forest  zone,  long 
or  ocmtinuous  growth  cyde). 
Ecology  Mieroeocea  mereuriedia  grows  in 
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open  places  in  woodland  and  bushland,  nlon(7 
rivers  and  shores,  commonly  in  ruderal  habi- 
tats, sometimes  as  a  weed,  firom  sea-level  up  to 
1700  m  alt  iUxIc. 

Management  In  many  places  Mici-ococca 
mermrialis  is  not  cultivated  but  grows  as  a 
weed  in  gardens  and  fields.  However,  in 
Uganda  it  is  cultivated  both  for  sale  and  do- 
mestic use  and  where  it  occurs  naturally  it 
usually  is  protected.  The  dried  powdered  leaves 

cnn  ho  stun'']  for  ovor  n  yoniv 

Genetic  resources  and  breeding  Micro- 
cocca  tnercurialia  is  widespread  and  not  in 
danger  of  urnetic  erosion 

Prospects  Research  is  needed  on  tiie  nutri- 
tive and  m«]ieinal  values  ciMieroeoeea 
ritdia,  and  also  cultivation  methods  merit  more 
research. 

Ml^or  references  Bouquel,  A.,  lt>G9; 
Buricill,  H.M.,  1994;  Katende,  A.B.,  Ssegawa, 

P  &  Rii-nip  A  1!)1>9;  Radcliffe-Smith,  .\.,  1987; 
Raponda- Walker,  A.  &  Sillans,  R.,  1961. 

Other  references  Berhaut,  J.,  1967;  Cham- 
pault.  A..  1970;  Govaerts.  R,.  Frodm.  D.G.  & 
Radeiiffe-Smith,  A.,  2000:  RadclifTt-Smith.  A., 
1996;  Sagun,  V.G.  &  van  Wei/en,  P.C.,  2002; 
van  derZon,  A.P.M  &  Grubben,  G.J.H.,  1976. 

Authors  P.C.M.  Jansen 


MOMORDICA  BALSAMINA  L 

Protologue  Sp.  pi.  2;  1009  (1753). 

Family  Cucuibitaoeae 

Chromosome  niuuber  2jf  =  22 

Vernacular  names  Balsam  apple,  african 
cucumber,  southern  balsam  pear  (En).  Mar- 
gose,  coui^ette  africaine,  cmncrnmbre  balsamite 
(Fr).  Balsamina  de  purga,  balsamina  pequena 
(Po). 

Origin  and  geosrapliie  disMbntkm  Momor- 

fiifd  hnlsaiiiitia  orrurs  thr  ufhout  /\frica  south 
of  the  Sahara,  but  not  in  the  Indian  Ocean  is- 
lands; it  is  also  found  in  Yemen,  India  and 
Australia.  It  occurs  wild  in  tropu  nl  America  as 
well,  probably  as  a  result  of  intriKliu  tion. 

Uses  The  leaves  and  young  fruits  of  Mo- 
mordica  bahamina  are  cooked  and  eaten  as  a 

vofrrtnblo  in  Cameroon  Stidrin  .md  sf)ii(hpm 
Africa.  The  bitter  young  fruits  have  been  re- 
ported widely  as  edible,  whereas  the  ripe  fruits 
cause  vomiting  and  diarrhoea,  and  can  be  poi- 
snnniiR.  The  bright  red  fruit  pulp  is  eaten  in 
Namibia. 

The  leaves  and  stems  serve  as  camel  fodder.  In 
Senegal  donkeys,  cattle,  she^  and  goats  feed 


on  it  but  horses  avoid  it.  In  Queensland,  Aus- 
tralia, leaves  and  flowers  were  fed  to  sheep 
without  causing  problems.  The  I:  .i  \  ■  s  are  used 
fn  clean  mi'tal  (ibjects  and  to  uasli  hancls  ami 
body.  I'hey  form  a  slightly  soapy  solution  m 
water.  Medicinal  use  of  Momordica  bahamina 
is  widespread  and  diverse,  ("otnmon  wide- 
spread uses  are  as  an  anthelmmthic  (Iruits, 
seeds  and  leaves),  against  fever  and  excessive 
uteiine  bleeding  (leaves),  and  to  treat  syphilis, 
rheiimntism  hepntiris  nnri  skin  di.soiflcrs. 
Other  uses  are  as  an  abortifacient,  aphrodisiac 
and  lactogenic,  and  in  treating  diabetes.  The 
whole  i>lant.  totrether  with  Strophanlhiis.  is 
used  in  the  preparation  of  an  arrow  poison  in 
parts  of  Xi|j:fria.  Ripe  firuits  may  have  caused 
the  death  of  do^s  and  pigs. 

Properties  The  composition  of  the  leaves 
per  100  g  is:  w  ater  80.4  g,  protem  3.0  g,  fat  0.1 
g,  carbohydrate  3.6  g,  fibre  0.9  g,  Ca  340  mg, 
Mt:  .HT  1  mp  P  j!7,7  nifi,  Fr-  lii.T  7n  0  !)  mg, 
thiamm  0.01  mg,  riboflavin  0.09  mg,  macm  0.7 
mg,  ascorbic  add  0.4  mg. 

The  composition  of  the  fruits  per  100  g  is:  wa- 
ter 89  1  g.  protein  2.0  g.  fat  0.1  g,  carbohydrate 
5.1  g,  fibre  1.8  g,  Ca  35.9  mg,  Mg  41.2  mg,  P 
36.8  mg.  Fe  2.6  mg,  Zn  1.0  mg,  thiamin  0.04 

mp  rihoflnvin  O.Ofj  mp,  nscoi-hic  .u'id  O  .'i  mg 
(Arnold,  T.H.,  VVeUs,  M.J.  &  Wehmeyer,  A.S., 
1986). 

The  bitter  taste  of  all  part  s  of  Momordica  bal- 
sniniiin  may  be  caused  by  nirurbitnrins,  as  in 
many  other  Cucurbitaceae,  but  may  also  be 
caused  by  saponins.  The  ribosome  inactivating 
protein  momordin  II  has  liccn  isolated.  ii<  u  i'II 
as  the  caffeic  acid  ester  rosmarmic  acid,  which 
is  of  pharmaceutical  interest  because  of  its 
anti-inflammatoiy,  antiviral,  antibacterial  and 
antioxidant  activifirs 

Botany  Monoecious,  annual  or  short-Uved 
perennial  heib,  trailing  or  climbing  with  sim- 
ple tendrils:  stem  up  to  \  J\  m  lonp  angular. 
Leaves  alternate,  simple;  stipules  absent;  peti- 
ole 0.5-6  cm  long,  pubescent;  blade  broadly 
ovate  to  orbiculai  1-9  cm  x  1-12  cm.  deeply 
palmately  5-7-lobed  lohcs  -i-.l-lubulate.  Flow- 
ers solitary,  unise.vuul,  regular,  5-merous;  male 
flowers  with  pedicel  1.6-10  cm  long,  receptacle 
2-4..^  mm  lonp.  sepals  0  .^-1  cm  long,  petals  1- 
2  cm  long,  pale  yellow,  cream  or  white,  and  3 
bee  stamens;  female  flowers  with  pedicel  up  to 
0.6  cm  long,  receptacle  0.5-1  mm  lung  sepals 
narrow  up  to  O  rt  cm  long,  petals  n..")-l  ."i  rm 
long,  and  ulterior,  1 -celled  ovary.  Fmit  an 
ovoid-ellipsoid  berzy  2.5-4.5  cm  long,  tubercu- 
late,  bright  orange  or  red,  dehiscing  with  3 
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vnlvos,  oxposing  the  manj"  seeds  embedded  in 
red  pulp.  Seeds  ovate,  compressed,  9-12  mm 
long. 

Momordica  comprises  about  10  sjieoies.  the 
majority  of  which  are  Ai'ncan.  Where  Mo- 
mordica balaamma  and  Momordica  eharantia 
L.  both  occur,  they  fire  not  clearly  distin- 
guished by  the  local  population.  Hence,  many 
vernacular  names  apply  to  both. 

Ecology  Momordica  halsaiiiiiui  is  wide- 
spread throiiphoiif  the  <ini-r  parts  of  tropical 
Africa.  It  is  mamly  found  on  sandy  soils,  from 
sea-level  up  to  1600  m  altitude.  It  occurs  in 
woodl^ind.  wooded  grasflland,  OQ  river  banks 
and  in  dr>'  river  beds. 

Management  Momordica  bahamina  ia 
mainly  collected  from  the  wild,  but  widely  cul- 
tivated as  well  Ii  IS  planted  close  to  home- 
steads, often  grow  ing  over  fences  and  huts. 

Qenetio  reaonroes  and  breeding  Mo- 

mnrdicn  halsaiiiiiia  is  widespread  and  not  in 
danger  of  genetic  erosion.  Transfer  of  genes 
within  tiie  genus  is  possible,  allowing  im- 
provement of  notably  Momordica  eharantia. 

Prospects  The  contradictory  reports  on  tox- 
icity of  Momordica  balsamiiia  plant  parts 
should  instil  caution  when  transferring  uses 
frum  one  nrea  to  another.  .\s  in  many  other 
cucurbit  species,  different  types  may  occur: 
bitter  and  toxic  as  well  as  non-bitter  and  edible 

ones. 

Major  references  Arnold  T.H  Wells,  M.J. 
&  Wehmeyer,  A.S.,  1985;  Burkill,  H.M.,  1985; 
Jeffrey.  C,  1978;  Jeffrey,  C,  1980;  Neuwinger, 
H.D.,  190(; 

Other  references  Burkill,  Il.M.,  2UU0;  Jef- 
frey, C  1979;  Okoli,  B.E.,  1984:  Stevels, 
J.M.C..  1990;  Stoiy,  R.,  ID.^iS:  van  W  \  k  H.E,  & 
Oerirke  \.  20()():  Watt  .I.M  X:  ISreyer- 
Brandwijk,  M.G.,  1962;  Zemede  Aslaw  &.  Mes- 
fin  Tadeaae,  2001. 

Authors  C.H.  Bosdi 


Momordica  chabantu  L. 

Proiologue  Sp.  pi.  2:  1009  (1753). 
Family  Cucurbitaoeae 

Chromosome  number  'In  - 
Synonyms    Momordica    thollonii  Cogn. 
(1888). 

Vernacular  names  Hitter  gourd,  balsam 
penr.  bitter  melon,  kan  la  African  cucumber 
(En).  Margose,  concombre  amer,  paroka,  con- 
combre  africain  (Fr).  MelSo  de  Sfio  Caetano, 
balaamina  kmga  (Po).  Karela  (Sw). 


Momordica  eharantia  -  wild  atid  plaiUed 

Origin  and  geographic  distribution  Momor- 
dica rharaii  till  is  native  to  the  Old  Wf>rld  trop- 
ics, but  now  pantropical.  It  was  possibly  do- 
mesticated in  India  and  southern  China  and  is 
now  found  naturalized  in  almost  all  tropical 
and  subtropical  regions.  It  is  an  important 
market  vegetable  m  southern  and  eastern 
Asia,  e.g.  India,  Sri  Lanka,  Vietnam,  Thailand, 

Malaysi;i  th<'  Philipjiinc^s  and  southern  China. 
Local  cultivars  ungmally  from  Asia  are  culti- 
vated on  a  small  scale  in  tropical  America,  and 
bitter  gourd  is  also  cultivated  in  the  .southern 
part  of  the  I'nited  States  for  the  .Asiatic 
kitchen.  It  is  a  common  cucurbit  in  the  wild 
flora  of  Africa,  occurring  almost  throughout 
tropical  Afiica  It  is  only  occasionally  folli-ctcd 
from  the  wild  as  a  vegetable  or  medxcmai 
plant.  It  is  occasionally  cultivated  in  East  Af- 
rica mostly  by  people  of  Asian  origin  using 

Asian  cultivars. 

Uses  Immulure  fruits  oi  Momordica  cliarau' 
tia  are  used  in  stews  and  curries,  or  pickled. 

They  are  also  stuffed  with  minced  meat.  Seeds 
of  more  mature  fruits  must  be  removed.  Bit- 
terness may  be  reduced  by  parboiling  <nr  soak- 
ing, squeezing  or  mashing  in  salted  water,  or 
by  scoring  the  skin  of  the  fruit  and  sprinkling 
it  with  salt.  Young  Iruils  of  wild  small-lruiled 
tsrpes  are  locally  eaten  in  West  Africa  as  sup- 
plement an-  or  emergency  food  In  Zimbabwe 
young  non-bitter  fruits  are  eaten  in  salads,  in 
the  same  way  as  cucumbers.  Mature  trvdts  of 
wild  plants  are  said  to  be  poisonous  t  o  peqple 
and  domestic  animals.  In  Asia  shoot  lips  are  a 
popular  leafy  vegetable  that  is  considered  very 
healthy.  Some  farmers  even  grow  bushy  bitter 
gourd  types  with  small  fruits  especially  for  this 
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purpose. 

Bitter  gourd  tea,  made  from  dried  fruit  pieces, 
is  a  popular  health  drink  in  Japan  and  some 
other  AKinn  countries.  Bitter  gourd  has  numer- 
ous medicmal  uses.  In  many  African  countries 
the  firuit  is  taken  as  a  purgative  and  vermifuge, 
whereas  leaves  are  steeped  in  water  and  taken 
to  treat  diarrhoea  and  dyseutety.  Steeped 
leaves  used  as  enema  are  said  to  have  strong 
astringent  properties.  The  seed  is  used  inter- 
nally ns  nn  anthelmintic,  rsprrinlly  in  DR 
Congo.  In  West  Africa  the  plant  is  used  as  a 
febr^ge  eiUier  by  washing  or  drinking.  Yellow 
fever  and  jaundice  are  treated  by  an  enema  of 
the  entire  plant  in  water  or  eye  instillation  of 
leaf  sap.  The  plant  is  used  as  an  aphrodisiac 
and  in  local  treatment  of  gonorrhoea.  Prepara- 
tions  made  from  stems  and  leaves  are  used  to 
treat  yaws.  A  decoction  is  applied  to  boils,  ul- 
cers, septic  swellings  and  infected  feet.  Plaster 

m.tdc  rriim  ]niIvrrizo(!  plnnt<  i<  iiserl  to  front 
malignant  ulcers,  breast  cancer  and  skin  para- 
sites such  as  filaria  and  guinea  worms.  The 
leaves  are  taken  to  treat  menstrual  problems 
and  the  roots  are  used  against  sj^philis  and 
rheumatism  and  as  an  aburtifacient.  Crushed 
leaves  are  used  together  with  other  drugs  to 

rclirvr  In  irt  piuhlcms,  e.g.  tadiycaidia.  Mani- 
fold medicinal  uses  are  also  reported  from  Asia 
and  the  Americas,  e.g.  to  treat  cancer,  diabetes, 
psoriasis  and  many  infectious  diseases.  Tt  is 
esporially  renowned  as  a  remedy  foi-  diabetes 
mellitus,  just  by  eating  it  regularly  as  a  vege- 
table. 

Production  and  international  trade  Hitter 
gourd  is  cultivated  in  tropical  Asia  on  possibly 
hundreds  of  thousands  of  hectares,  but  no  ac- 
curate statistical  data  are  available.  In  Africa, 

it  is  a  minor  wild  nnd  rulfivated  vopetable, 
restricted  tu  urban  areas  with  a  market  for 
products  of  the  Asiatic  kitchm. 

Properties  Yonnc  fruits  contain  per  100  g 
edible  portion;  water  94.0  g,  energy  71  kJ  (17 
kcal),  protein  1.0  g,  fat  0.2  g,  carbohydrate  3.7 
g,  dietary  fibre  2.8  g,  Ca  19  mg,  Mg  17  mg,  P  31 
m\i  Fe  0.4  mg.  Zn  0.8  mg,  vitamin  A  380  lU, 
thiamin  0.04  mg,  riboilavin  0.04  mg,  niacin 
0.40  mg,  folate  72  pg,  asooibic  add  84  mg. 
Fresh  leaves  contain  per  100  p  edible  portion: 
water  89.3  g,  energy  126  kJ  (30  kcal),  protein 
5.3  g,  fet  0.7  g,  cart>ohydrate  3.3  g,  Ca  84  mg, 
Mg  85  mg.  V  99  mg.  Fe  2,0  mg.  Zn  0.3  mg,  vi- 
tamin A  1731  11 '  thiamin  0.18  mg,  riboflavin 
0.36  mg,  niacin  1.11  mg,  folate  128  ng,  ascorbic 
add  88  mg  (USDA,  2002). 
Several  proteins  that  display  a  variety  of 


pharmacological  effects  have  been  i.solatcd 
from  Momoniico  chamutia.  The  proteins  a- 
momon  hjinii  .ind  (i-momorcharin,  from  seeds 
of  MoiiiDithcii  cli(iniiiti(t.  htwi'  lieen  found  to 
show  a  hepatotoxic  effect  on  isolated  rat  hepa- 
tocytes.  Several  immimotoxins  were  prepared 
by  linking  the  type  1  ribosome-inactivating 
protein  momordin  1  to  antibodies  specific  to 
various  cell  lines.  Treatment  with  these  immu- 
notoxins  significfmtly  inhibits  tumour  devel- 
opment in  vitro.  The  treatment  alone  or  in 
combination  with  a  general  cj'tostatic  signifi- 
cantly inhibits  tumour  development  in  vivo, 
e.g  in  niiciv 

The  in-vivo  antitumour  activity  of  a  crude  ex- 
tract from  Momordiea  eharwitia  was  signifi- 
cant for  several  types  of  tumour  cells  in  mice 
and  in  Iniinans  It  is  thought  that  in-\'i\'o  en- 
hancement of  immune  functions  may  contrib- 
ute to  the  antitumour  effects  of  the  extract. 

Juices  expres.sed  from  }fniiionlica  rliaraii  tin 
fruits  appreciably  reduced  the  incidence  of  skin 
tumours  in  mice.  The  extracts  of  the  peel,  pulp, 
seed  and  whole  fruit  exhibited  mariced  anticar- 
cinogenic  activity  against  miai^c  skin  papil- 
loma genesis  when  applied  topically.  \LAP30, 
an  antiviral  protein  (30  kDa)  from  Momordiea 

charnnlia.  may  regulate  Herpes  simpl<'\  \irus 
(HS\7  repUcation.  It  is  also  capable  of  inhibit- 
ing infection  of  HIV-1  in  T  lymphtM-ytes  and 
monocj'tes  as  well  as  replication  of  the  virus  in 
infected  ii  lls.  It  was  found  not  to  be  toxic  to 
normal  unmfected  cells;  the  peptide  is  probably 
unable  to  enter  healthy  cells.  It  exhibits  a 
do>ie-dependent  inhibition  of  integration  of 
viral  DNA  into  the  host  chromosomes  (lIIV-1 
integrase),  which  is  a  vital  ste])  m  the  replica- 
tive  cycle  of  the  AIDS  virus.  .\(  ylglucosylsterols 
isolated  from  unripe  fruits  showed  an- 
timutagenic  activity.  The  protem  MAI^30  has 
also  been  shown  to  control  proliferation  of  cells 
of  -^iimc  oestrogen-independent  forms  of  human 
breast  cancer  both  in  vitro  and  in  vivo. 
Bitter  gourd  is  often  used  in  folk  medidne  to 
treat  diabetes,  and  its  hj'poglycaemic  activity 
has  often  been  confirmed  in  trials  in  experi- 
mental animals.  However,  confirmation  of  its 
safe  and  effective  use  in  humans  needs  further 
confirmation.  .\  significant  number  of  studies 
have  established  the  hypoglycaemic  activity  of 
bitter  gourd:  its  effect  appears  to  be  more  acute 
and  transieni  tlian  cumulative.  The  fr«sh 
aqueous  extract  of  the  whole  fruit  is  more  ef- 
fective than  dried  powder  or  dietary  consump- 
tion. Some  studies  found  that  the  seed  also 
contained  hypoglycaemic  prindples.  In  most  of 
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the  cases  where  hj-pogljcaemic  activity  could 
not  be  demonstrated  normoglycaemic  animals 
were  experimented  upon.  The  mechanism  of 
hypoglycaemio  activity  rt-mains  uncloar.  The 
results  of  tests  on  diabetic  patients  mdicated 
that  fresh  bitter  gourd  juice  brought  about  a 
significatil  n  iliiction  in  plasma  gluco&e  concen- 
tration, and  an  improvement  in  the  response  to 
an  oral  glucose  load.  The  effect  of  fried  bitter 
gourd  was  not  so  pronounced.  htnifili  it  was 
sipnificant.  A  cumulative  and  gradual  hyiin^Hy- 
caemic  effect  was  found  in  diabetic  patients 
using  the  aqueous  extract  at  the  end  of  a 
3-W("('k  trial.  Contr.iilictdry  t<i  thi'sc  findintis 
however,  is  a  study  in  which  bitter  gourd,  in 
the  form  of  fresh  juice,  dried  powder  or  the 
powder  given  as  a  tablet,  did  not  have  any 
beneficial  inf'lur'nce  on  diabetic  patients. 
Extracts  Moinurdica  charaiitia  were  elTeclive 
in  treating  Asmridia  galli  worms  in  birds.  Oral 
administration  of  an  extract  ronfaining  100  mg 
iron  was  as  effective  as  a  commercial  prepara- 
tion to  prevent  anaemia  in  piglets.  Clhitinase 
isolated  from  the  fruits  may  be  strongly  bacte- 
riostatic. 

Momordicines  I  and  II  were  isolated  from  dried 
leaves.  These  compounds  showed  antimicrobial 
activity  apainst  several  bacteria  and  fiinun. 
Leaf  extracts  were  also  efiGective  against  mi- 
crobes^ including  Eaeheriehia  coU,  Salmonella 
paratyphi  and  Shigella  dysenteriae.  Seed  ex- 
tracts resulted  in  high  mortality  of  the  nema- 
todes Meloidogyne  incognila  and  h'olyletichulua 
rmiformia.  The  petroleum  ether  extract  of 
}fomi)i<iic(:  I'lianinliii  w  .:is  iiftive  .'iLiainst  the 
bean  weevil  Callosobiuchus  chiiiensis. 
Water  extracts  of  the  seed  have  shown  aborti- 
facieni  activity  in  mice.  The  seeds  and  the  fruit 
wall  of  Moworriira  rh<jniii  tin  are  reported  to 
contain  a  resm,  a  saponin  glycoside  of  the  cu- 
curbitacin  type,  and  alkaloids  that  may  cause 

vomitinLT  :inil  i]i:in-h.  i.  •a. 

Adulterations  and  substitutes  Other  wild 
African  Momordica  species  with  fruits  and 
leaves  consumed  as  vegetable  with  a  similar 
bitter  taste  are  MouionUca  balsuiiiiiiu  L.,  Mo- 
moidua  foelida  Schum.  and  Momordica  ros- 
trcUa  A.Zimm.  Most  wild  Momordica  species 
have  similar  medicinal  uses. 

Description  Monoecious  annual  climbing  or 
trailing  heib  with  stems  up  to  5  m  long;  stem 
ridged,  glabrous  or  haiiy:  tendrils  simple. 
Leaves  alternate,  simple:  stipules  absent:  peti- 
ole 1.5-7  cm  long;  blade  broadly  ovate-reniform 
or  orbicular  in  outline,  2.5-10  cm  x  3-12.5  cm, 
cordate  at  base,  deeply  pahnately  (3-)6(— 7)- 


Momordica  clmninliu  —  /,  leafy  shoot;  2,  male 
floii  cr  ill  longiludinal  section;  3,  female  flower 
in  longitudinal  secliott;  4,  male  flower  in  cross 
section  irith  petals  removed;  5,  fruit. 
Source:  PROSEA 

lobed,  lobes  usually  sinuate-lobulate,  glabrous 

or  pubescent,  Flowers  solitary  in  leaf  axils, 
unisexual,  regular,  5-merous,  with  a  prominent 
bract  at  base  of  pedicel;  calyx  with  obconic  tube 
and  lobes  up  to  7  mm  long;  petals  free,  obovate- 
lingulate  up  to  2  cm  long  pale  yellow  to  or- 
ange-yellow, 2  with  scales  mside  at  base;  male 
flowers  with  3  stammst  antiiers  coherent  in 

centre  of  flower:  female  flowers  with  inferior, 
ovoid  to  fusiform,  muricate-tuberculate  ovary, 
stigma  3-lobed.  Fruit  a  pendulous  broadly 
ovoid  and  beaked  to  attenuate-ellipsoid  berry 
up  to  11  cm  X  4  cm.  but  in  cultivars  up  to  45 
cm  X  'J  cm,  reddish -orange  when  ripe,  with  a 
paler  apex,  ornamented  with  about  8  longitu- 
dinal  rows  of  subconical  tubercles  and  in.any 
smaller  tubercles  in  between,  splitting  mto  3 
valves  and  exposing  the  seeds  sheathed  in 
sticky  red  pulp  hanging  in  H  mws  iVom  the 
faces  of  e.ich  valve:  cultivated  iVuits  with 
smooth  to  spiny  surface,  often  with  rounded 
knobs  in  rows  between  8—10  lengthwise 
ridges,  but  in  some  cultivars  completely  spiny 
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without  ridges.  Seeds  oblong,  c.  10  mm  x  5 
mm,  flattened,  white  or  brown,  testa  sculp- 
tured, margins  grooved. 

Other  botanical  information  Mninitnlica 
comprises  about  10  species,  the  majority  of 
which  are  African.  The  fruits  of  several  wild 
species  are  consumed  as  a  vegetiilile.  whcreMs 
several  others  are  used  in  traditional  medicine. 
Wild  and  cultivated  types  of  Momordiea  eho' 
ranlia  hav(>  been  variously  classified  (e.g.  cul- 
tivated: var.  rliarnn tin'  wild:  vnr.  nhhrcvialn 
Ser.  and  var.  longivostraia  Cogn.).  The  culti- 
vated types  can  better  be  classified  in  cultivar- 
groups  and  cultivars,  but  there  is  as  yet  no 
good  classification  system. 

Growth  And  development  Seedlings  emerge 
5—7  days  after  sowing,  but  fresh  seed  uften 
<h<n\  s  dormancy  vvhu  h  is  v  ery  hard  to  break 
and  can  last  for  some  months.  This  is  also  a 
major  problem  for  seed  of  improved  cultivars. 

Stem  elongation  starts  after  2  weeks,  followed 
by  the  development  of  lateral  stems.  Flowering 
starts  with  male  flowers  5-6  weeks  after  sow- 
ing, while  female  flowers  appear  10  da>'s  lat^. 
Flowering  may  continue  for  G  months.  Flowers 
open  early  in  the  morning.  Anthers  dehisce 
about  two  hours  before  anthesis  and  optimum 
viabilily  of  {lollen  .md  rfM-ejit ivity  of  the  .<;tigma 
are  attained  at  anthesis.  Flowers  are  pollinated 
by  bees  and  other  insects.  Young  fruits  can  be 
harvested  10-14  days  after  anthesis.  Continu- 
ous harvest  in  tj  of  nil  yoiintr  fruits  prolongs  crop 
duration,  bruits  left  un  the  plant  turn  orange 
or  yellow  25-30  days  after  fruit  set. 

Ecology  Hitter  gourd  prefers  iiuite  high 
temperatures,  12o°C  and  above,  but  when  tem- 
peratures become  too  high  (>37*'C)  fruit  set 
often  bet  omc  s  a  problem,  depending  on  geno- 
type In  India  rultivars  are  known  called 
heatset ,  that  will  still  set  fruit  at  ICC.  Bitter 
gourd  occurs  naturally  in  areas  up  to  1700  m 
altitude  with  a  high  rainfall,  in  rainforest,  riv- 
erine forest,  elephant-grass  thickets  and  plan- 
tations. If  cultivated  in  too  wet  conditions,  bac- 
terial and  fungal  wilt  and  fruit  cracking  can 
become  major  problems,  resulting  in  ;»  lower 
percentage  of  high-quality  fruits  and  a  shurt- 
ened  shelf  life  of  the  fruits.  In  Asia  many  form- 
ers grow  the  rrop  in  the  cool  and  diy  .so.-ison. 
which  may  give  good  results.  Still,  bitter  gourd 
is  not  easy  to  grow.  Many  farmers  use  muldi  to 
ke^  soil  moisture  conditions  balanced.  Bitter 
gourd  prefers  deep  well-drained  sandy  loam  or 
silt  loam  soils  with  a  high  organic  matter  con- 
tent and  water-retaining  capacity.  It  seems  to 
be  almost  day-neutral. 


Propagation  and  planting  Bitter  gourd  is 
often  sown  directly.  The  weight  of  1000  seeds  of 
cultivated  types  is  180-200  g.  Seed  of  wild 
types  maybe  smaller.  Farmers  need  al)nut  kg 
seed  per  ha  for  direct  sowmg.  in  South-East 
Asia  farmers  often  raise  seedlings  of  hybrid 
cultixais  in  puts  for  transplanting  at  a  wide 
spacing;  the,\  then  use  1.2-1.5  kg  seed  per  ha. 
Tlie  use  of  pre-germinated  seeds,  soaked  in 
moist  doth  or  tissue  ovemight  or  until  radicle 
appenranre  results  in  better  plant  establish- 
ment. Spacing  is  50-60  cm  in  the  rows  and  120- 
250  cm  betweoi  the  rows;  final  plant  density  is 
6,000-20,000  plants  per  ha  depending  on  culti- 
var  and  trellis  system.  Plantmg  is  generally 
done  on  raised  beds  to  prevent  waterlogging. 

Management  The  plants  are  often  sup- 
ported by  poles  or  trellises  so  that  the  fruit 
does  not  come  into  contact  with  soil.  Asian 
farmers  use  trellises  up  to  2  m  tall,  constructed 

firom  stakes  with  a  system  of  horizontal  wires 
and  vertical  strings.  In  India,  however,  farmers 
rarely  use  trellises.  In  the  Philippines  they  are 
only  used  for  long-fruited  types  not  for  tradi- 
tional local  types.  The  soil  is  mulched  with  rice 
straw  or  plastic  mulch.  Compost  manure  is 
usually  added  to  each  planting  hole  before  sow- 
ing. .\  dose  of  10  t/ha  is  recommended  logelber 
with  200  kg/ha  NPK  fertilizer,  apphed  before 
sowing.  Additional  nitrogen  fertilizer  may  be 
applied  during  crop  growth,  100  kg/ha  N  when 
the  jilnnts  begin  to  spread  and  1200  kg.'ha  when 
the  plants  begin  to  flower,  irrigation  is  prac- 
tised when  needed  to  maintain  soil  moisture. 
P>iftei'  ynurd  IS  quite  sensitive  til  lack  nf  micro- 
nutrients  such  as  boron:  application  of  these 
elements  can  strongly  im|)rove  crop  results  for 
farmers. 

Diseases  and  peats  Bitter  melon  is  suscep- 
tible to  several  diseases  and  pests  that  affect 
other  cueuibits.  It  is  a  host  of  papaya  ring  spot 
virus  (PRSV-\^^.  and  less  frequently  of  water- 
melon mosaic  virus  (WM\').  Cemmi  viruses 
may  cause  serious  problems.  A  new  virus  dis- 
ease called  cucurbit  aphid-borne  yellows  was 
obserwd  in  the  Philippines  and  is  spreading  in 
Soulh-Easl  Asia.  Seedborne  viruses  are  not 
reported.  Some  fongal  diseases  cause  serious 

damage.  Cercospom  leaf  spot  {Ccrrnspnrn 
cUmllina)  is  controlled  by  pruning  of  affected 
leaves  and  by  spraying  fungicides  such  as  be- 
nomyl  cupravit  or  daconil.  Dowiqr  mildew 
{P.wiidnppronnspoin  solan  arponim)  is  con- 
trolled by  wide  spacing  giving  good  ventilation 
and  by  fimgiddes  sudi  as  maneb,  ridomil  or 
dithane.  Powdeiy  mildew  {Erys^he  eiehoraeea- 
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mm)  can  be  controlled  with  the  samo  fungi- 
cides or  with  sulphur  dust.  Commercial  culti- 
vars  show  various  degrees  of  tolerance  to  these 
furiKal  disiviscs  BiMif  i„''>urd  is  BUHccjilibit'  to 
bacterial  wilt  including  Ralatonia,  lusarium 
wilt,  and  root-knot  nematodes.  Pusarium  wilt 
will  usujilly  show  clear  yellowing  of  the  veins, 
resulting  in  a  webbed'  pattern  on  the  leaves, 
before  wilting.  Infection  with  bacterial  wilt 
causes  quite  su<lil(  n  wilting  while  the  plant  is 
still  uivon  Tn  Tniwnn  hittor  pourd  is  prnftcd  nn 
a  rootstock  of  pumpkin,  smooth  loofah  or  bottle 
gourd,  not  only  to  increase  vigour  and  yidd, 
but  also  to  protect  against  soilbome  wilting 
difleaaes  and  nematodes. 
The  main  pests  include  aphida  and  fiuit  fliea 
{J)acua  cucurbitae).  Heavy  aphid  infestation 
can  lead  to  strongly  stunted  growth  and  re- 
duced fruit  set.  Other  pests  are  leaf  beetles 
(Bpilaehna  spp.),  caterpillars  {Spodoptem  spp., 

IlrJinihis  aniUQi'i-ti)  and  mites. 

Harvesting  Har\'estuig  starts  about  2 
mondis  after  sowing  and  is  done  2-3  times  per 
week  during  2-3  months.  It  is  important  to 
harvest  each  fruit  at  the  right  moment,  some 
days  to  weeks  before  reaching  full  maturity, 
when  they  have  the  right  size,  the  skin  is  still 
hard  and  not  turning  to  y<  IIow-ornn<;r,  and  the 
seeds  are  still  soft.  Beyond  this  stage,  the  frmts 
become  spongy  and  more  bitter  and  lose  their 
nvu  lo  't  vnluo.  The  length,  diameter  and  weight 
lirjirnij  (in  (niltivnr  nnd  con.stimer  preference. 
Uegular  harvestmg  is  needed  as  mature  fruits 
on  the  plants  reduce  the  setting  of  new  fruits. 

Yield  Average  yields  of  bitter  gouti!  .uv  H-10 
l/ha,  but  up  20  t/ha  for  open-pollmated  culti- 
vars  has  been  reported.  In  Thailand  hybrid 
cultivars  under  good  management  yield  uj)  to 
40  t/hn.  The  number  of  frmts  per  plant  depends 
largely  on  the  cullivar  used;  it  can  range  from 
around  6  to  more  tiian  100;  the  higher  number 
only  in  smnll-fnii(ed  colfivai-s 

Handling  after  harvest  The  fruits  should 
be  handled  and  packaged  with  care,  and  should 
be  isolated  IV'jih  fruits  that  produce  lai^e 
amounts  of  ethylene  to  prevent  post -harvest 
r^enmg.  Bitter  gourd  fruits  can  be  stored  for  a 
long  time,  up  to  4  weeks  at  1-2'C  and  8G-80% 
relative  humidify.  They  .nre  chilling  sensitive 
and  should  not  be  kept  below  O^O.  Fruits 
stored  at  temperatures  above  10*C  turn  jrellow, 
split  ot)en  and  lose  quail t  \ 

Genetic  resources  Ldi  ciI  cultivars  of  bitter 
gourd  are  on  the  verge  of  extinction  as  they  are 
being  replaced  by  commenaal  ones.  Collectiona 
are  available  at  NBPGR,  New  Delhi,  India,  at 


.\VR[)(',  Taiwan,  at  Kasetsart  l^nivcrsity, 
Thailand  and  several  other  research  institutes 
in  tropical  Asia. 

Breeding  .Most  nfthe  cultivars  used  m  East 
Africa  are  imported  from  Asian  count  ries.  VV  ild 
and  cultivated  plants  cross  readily  and  there 
are  many  intermediate  types.  Wild  .African 
types  can  be  exploited  as  potential  source  of 
disease  resistances.  Breeders  nowadays  ocm- 
.  I  nil, lie  on  Fi  hybrids,  the  advantages  of 
higher  yield  potential  better  rosisfanre  to  dis- 
eases and  more  uniformity  being  obvious.  Im- 
portant selection  criteria  are  earliness,  a  high 
ratio  of  female  flowers,  resistance  to  pests  and 
diseases,  and  degree  of  bitterness.  A  high  dry 
matter  content  ia  needed  for  fruits  that  are  cut 
in  pieces  and  dried.  These  are  sold  and  used  to 
make  liitter  gourd  tea.  .\o  breeding  work  is 
reported  from  African  countries. 
In  tropical  Asia  many  local  and  improved  culti- 
vars are  known,  with  fruit  shapes  colours  nnd 
sizes  ranging  from  the  small  spmed,  dark 
green  semi-wild  type  to  the  improved  large- 
fruited  cultivars,  with  colours  \'an,ing  from 
dark  green  to  pale  green  and  white.  East-West 
Seed  Company,  in  Thailand,  the  Philippmes 
and  Indonesia,  has  released  about  ten  hybrid 
cultivars,  which  show  among  them  a  large 
variation,  especially  m  earlmess  (first  harvest 
37-62  days  after  sowing)  and  fruit  characters 
(smooth  to  spin  'i  \\hiii  <n  ]>ale  green  to  dark 
green  spindle-sliafied  in  eyiindrical  or  conical, 
6-10  cm  long,  2-9  cm  broad,  weighing  60-650 
g).  Excellent  hybrids  especially  developed  for 
difficult  lowland  conditions  include  'Ravana' 
(long  smooth,  dark  green  fruits),  'Palee'  (long, 
>pin,\  ,  dark  green  fruits)  and  Indra'  (short, 
spiny,  medium  green  fruits).  For  growing  dur- 
ing the  rainy  season  when  prices  for  produce 
are  usually  high,  the  cultivar  Jade  Star  XL' 
was  developed,  which  has  minimum  problems 
with  fruit  cracking.  For  advanced  farming  sys- 
tems and  shorter  crop  cycles,  earlier  maturing 
pale  green  cuHivars  sudi  as  'Hanuman'  (me- 
dium-sized fruits)  and  Torapi'  (long  fruits) 
were  introduced  Taiwanese  and  Indian  seed 
companies  also  developed  Fi  hj  bnds.  The  Tai- 
wanese seed  oompttiy  Known-You  developed 
the  popular  white-fruitrd  warty  cultivar  'Hi^ 
Noon  and  the  green  smooth  cultivar  'Motm- 
rise'.  Bitter  gourd  has  been  successfrilly  crossed 
with  Moinordica  cochiiichi'iwitsis  (I.our.) 
Spreng.  nnd  with  snake  gourd  iTrirhostitilhrs 
cucuineniia  L.).  Genetic  mformation  on  bitter 
gourd  is  rath^  limited;  most  of  this  work  is 
done  at  Indian  research  institutes. 


390  VEGETABLES 


Prospects  In  view  of  tho  popularity  of  bitter 
gourd  in  the  Asian  tropics  and  the  release  of 
superior  Pi  hybrid  cultivars,  its  popularity  in 
Africa  is  expected  to  incrt'MSH  Since  the  results 
with  bitter  gourd  in  the  treatment  of  diabetes 
are  still  somewhat  oontradictoiy,  more  researdi 
needs  to  be  done  on  its  hypoglycaemic  activity. 
Several  compounds  from  bitter  gourd  show  in- 
teresting pharmacological  activities,  e.g.  anti- 
tumour,  immunotoxic  and  anti-HTV,  which 
merit  fiirthcn-  rosonrcli  nnd  m;iy  hnve  potential 
in  the  development  of  future  medicmes. 

Maior  references  Burfcill,  H.M.,  1985;  Jef- 
fir^,  C.  1967:  Morton.  J.R.,  1967:  .\guyen  Huu 
Hien  &  Sri  liayati  Widodo,  1999;  Oyedapo, 

0.  0.  &  Araba,  B.G.,  2001;  Reyes,  M.E.C., 
<  uldcmacher.  B.H  &  Jansen,  G.J.,  1993;  Ross, 

1.  A  .  L'008:  Tunlalf  II, D..  1983. 

Other  references  Adlerz,  VV.C,  1972; 
Agrawal,  J.S.,  Khanna,,  A.N.  &  Singh,  S.P., 
1957:  Ahmed  1  nhandrannth,  T.,  Shnrma, 
A.K.,  Adeghate,  E.,  Fallot,  D.J.  &  Singh,  J.. 
1999;  Ayensu.  E.S..  1978;  Ganguly.  C.  De.  S.  & 
Das.  S,  2000:  [In^rr.  C.B..  1979:  Jeffrey. 
1978:  Kays.  S.J.  &  Hayes,  M.J.,  1978: 
Keraudren,  M.,  19U6;  Njoroge,  G.N.,  1992;  Fil- 
ial, O.AA.,  Irulappan,  T.  &  Jayapal,  R.,  1978; 
Rubatzky,  V  E.  &  Yamapiuhi  M.,  1997;  Sdiip- 
pers,  R.R..  2002a;  USDA,  2UU2a. 
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HOMORDICA  FOETIDA  Schumach. 

Protologue  Beskr.  Guin.  pi.:  426  (1827). 
Family  Cucuibitaceae 

Vernacular  names  Mmikia  muumn  (Sw), 
Origin  and  geograpliic  distribution  Momor- 
dica  foeUda  is  widespread  in  tropical  Africa 
anil  in  S<iuth  .\frira 

Uses  The  leaves  of  Momordica  joelida  are 
collected  from  the  wild  and  eaten  after  boiling 
as  a  vegetal  lie  m  Cibon.  Sudan.  Uganda,  Tan- 
7ania  and  .Malaw  i  They  seem  fairly  unpopular 
and  are  eaten  m  small  quanlilies  only,  usually 
in  times  of  scarcity.  The  pulp  of  rq>e  firuits  is 
eaten  in  '  ^hana,  Gabon,  Sudan,  Kenya,  Uganda 
and  Tanzania. 

The  plants  are  grazed  by  cattle  in  Sudan. 
Leaves  are  used  as  ladder  (Kenya,  Tanzania) 
and  are  said  to  be  especially  suitable  for  fatten- 
ing rabbits.  However,  there  are  reports  from 
Kooya  that  cattle  avoid  it  and  that  it  is  poison- 
ous. Traditicmal  medicinal  uses  are  ntunerous 


and  many  are  -shared  with  other  Momordica 
spp.  The  juice  of  crushed  leaves  is  used  to  re- 
lieve cough  (Uganda),  stomach-ache  (Uganda), 
intestinal  disorders  (Xigeria.  Suiitli  .\fnca), 
headache  (iJurundi,  Uganda,  Malawi),  earache 
(Tanzania),  toothadie  (Uganda)  and  as  an  an- 
tidote for  snakebites  (Tanzania).  Skin  problems 
caused  by  smallpox  (Cote  d'lvoire),  boils  (South 
AfHca),  spilling  cobra  poison  and  malaria  are 
treated  with  oruflbed  leaves.  The  plant  is  fur- 
ther used  as  emmenapopue  (Cote  d'lvoire), 
ecbolic  (Cote  d'lvoire,  Gabon,  Uganda,  Tanza- 
nia), aphrodisiac  (Cote  d'lvoire)  and  abortifo- 
cient  (Uganda). 

The  roots,  said  to  be  poisonous,  and  the 
enidted  seeds  are  used  in  East  Africa  to  cure 
constqiation.  The  fruit  pulp  is  said  to  be  poi- 
sonous to  weevils,  moths  and  ants,  and  is  used 
as  an  insect  repellent  in  Tanzania.  The 
Karamajong  (Uganda)  use  the  whole  plant  on 

their  rattle  as  an  oxperker  repellent.  The  fruits 
are  often  eaten  by  egg-eating  snakes.  In  Gabon 
the  leaves  are  soaked,  dried  in  the  sun  and 
used  to  stuff  cushions, 

Properties  Leaves  have  a  bitter  taste  and 
foetid  smell  when  crushed.  Their  nutrilionul 
composition  per  100  g  edible  portion  is:  energy 
92  kJ  (22  kenl)  |.ri>t(  in  :'.  :i  r  fibre  :\.2  g.  Cn  1.1 
mg,  Fe  3.4  mg,  Zn  U.4  mg,  P-carutene  5.4  mg, 
folate  40  (ig,  ascorbic  acid  20.6  mg  (Nesamvuni, 
C,  Steyn,  X  P  &  Potgieter,  M.J.,  2001). 
Triterpenes  id*  the  eueurbitarin  t\-pe  found  in 
both  Momuidica  chantnlia  and  Momordica 
foetida,  particularly  in  the  fruits  and  seeds,  are 
potentially  eytolexic  Muniordicines  and  foe- 
tidin  (identical  to  charantin)  were  reported 
from  fruits  and  leavee  dt  Momordica  foetida. 
Momordicines  have  been  found  to  be  both  bac- 
teriostntie  and  insecticidal;  foetidin  was  shown 
to  lower  blood  glucose  levels  m  normal  rats, 
but  it  had  no  significant  effect  in  diabetic  ani- 
mnls,  Foetidin  has  sli^t  antispasmodic  and 
anticholinergic  effects. 

Botany  Dioecious,  perennial  heib,  trailing 
or  elinibing  with  simple  or  bifid  tendrils  stem 
up  to  4.5  m  long,  with  dark  green  llinks  when 
young,  woody  when  old,  rooting  at  the  nodes. 
Leaves  alternate,  simple;  stipules  absent;  peti- 
ole 1..5-17em  long:  blade  broadly  ovate-cordate 
to  triangular-cordate,  1.5-16  cm  x  1.5-17  cm, 
base  deeply  cordate.  Flowers  unisexual,  regu- 
lar, 6-merous:  calyx  with  obconic  tuhi  aid 
lobes  up  to  1  1  mm  long:  petals  free,  ohuv.ite- 
Imgulate,  up  to  3.5  cm  long,  white,  pale  yellow 
to  orange-yellow,  3  with  scales  inside  at  base; 
male  flowers  1-9  together  in  fascicles  on  pe- 
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dunclc  2-23  cm  long,  with  .'3  stamens,  anthers 
coherent  in  centre  of  flower;  female  flowers  soH- 
taiy  in  leaf  axils,  with  mferior.  ovoid  ovarv' 
stigmn  ^^-IiiVkmI,  Fruit  a  loiiK-stalked.  (>lhpsc)i<l 
berr>-  up  to  7  cm  x  5  cm,  orange  when  ripe, 
densefy  and  softV  spiny,  dehiscing  with  3  vabes 
and  exposing  the  many  -^eeds  embedded  in  scar- 
let pulp.  Seeds  oblong,  flattened,  c.  1  cm  long, 
brown,  testa  sculptured,  margins  2-grooved. 
Momordica  comprises  about  40  species,  the 
majority  of  which  nro  African^  The  fruits  and 
leaves  of  several  wild  species  are  consumed  as 
vegetables,  whereas  others  are  used  in  tradi- 
tional medicine. 

Ecology  Momurdiea  foelida  occurs  in  forest 
edges  and  dearings,  margins  of  swamps  and  on 
disturbed  ground  as  a  weed  and  colonizer,  up  to 
2400  m  altitude  la  West  Africa  it  is  considered 
an  indicator  of  soil  suitable  fur  growing  cacao. 

Genefio  resoorces  and  breeding  Mo- 
innnlira  /of^itib  Is  widespread  and  not  in  danger 
of  genetic  erosion.  A  few  accessions  of  Mo- 
mordica  foetida  are  held  at  the  New  Yoik  State 
Agricultural  Experiment  Station  (United States) 
and  in  the  National  Gciifbank  of  Kenya. 

Prospects  The  main  interest  in  Momordica 
fbeiida  at  present  appears  to  lie  in  the  medici- 

nal  aspects.  The  insec  t  iridal  j>ropcrtic's  are  only 
recognized  in  a  small  area  within  ils  range  of 
distribution.  It  will  remain  only  a  locally  used 
vegetable,  but  it  may  become  important  as  a 
source  of  resistance  in  breeding  o£ Momordica 
chanmlia. 

Blajor  references  Baerts,  M.  &  Lehmann, 
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N.P.  &  Potgieter,  M.J.,  2001;  Oliver-Bever,  B., 
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Momordica  rostrata  A.Zimm. 

Protologue  Cucurbitac.  2:  84,  115  (1922). 
Family  Cucurbitaoeae 
Chromosome  number  2ii  =  22 
Vernacular  names  Mtunda  nyoka  (Sw)- 
Origin  and  geographic  distribution  Momor- 

diea  roatrata  occurs  in  southern  Ethiopia, 

Kenya,  Uganda  and  Tanzania. 


Uses  The  leaves  and  fruits  of  Momordica 
rostinia  are  collected  from  the  wild,  boiled  and 
eaten  as  a  vegetable  in  Kenya  and  Tanzania. 
Tcndei-  leaves  are  omked  alone  or  with  other 
vegetables  such  as  amaranth  or  peas.  Coconut 
milk  or  pounded  groundnuts  may  be  added  and 
the  dish  is  served  with  stiff  maize  porridge  or 
rice.  The  juicy  pulp  of  the  ripe  fruit  is  sweet 
and  edible,  but  has  emetic  and  laxative  proper- 
ties. The  leaves  aic  used  in  the  treatment  of 
malaria.  A  pow<li  r  is  obtained  from  the  roots 
by  peeling,  drj  ing  and  crushing.  It  is  used  as  a 
preservative  of  stored  grain  and  to  kill  stem 
borers  in  cereal  crops,  The  leaves  and  sti'ms 
serve  as  fodder,  in  Kenya  especially  for  don- 
keys. 

Properties  The  nutritional  composition  of 

the  leaves  is  unknown,  hut  proltably  compara- 
ble to  that  of  Momordica  charantia  L.  Cyano- 
genic  glycosides  have  been  isolated  from  Mo- 
mordica rostrata  shoots  and  saponins  from 
unspeafied  plant  parts. 

Botany  Dioecious,  perennial  herb,  trailing 
or  climbing  with  simple  tendrils;  stem  up  to  7 
m  long  becoming  woody  with  grey  hark. 
Leaves  alternate,  pedately  (5— )9(— 12)-loliolale; 
stipules  absent;  petiole  up  to  2.6  cm  long;  cen- 
tral leaflet  clliiitical  lo  almost  cii-cul.-ir,  1—4.6 
cm  X  1—3  cm,  lateral  leaflets  smaller.  Flowers 
unisexual  regular,  6-merous;  male  flowers  in 
axillary,  1-1 4-nowered,  utnbel-like  clusters 
with  pciluncic  up  to  ID  cm  long,  sepals  triangu- 
lar, 2-4  mm  long,  petals  oblong,  7-13  mm  long, 
rounded,  pale  orange-yellow,  stamens  3,  free; 
female  flowers  solitan,'.  huIisps^iIc,  sepals  tri- 
angular-lanceolate, 1.5—2  mm  long,  petals  c.  8 
mm  long,  ovary  inferior,  narrowly  ovoid.  Fruit 
an  ovoul  Ix  rry  :i-7  cm  X  1.6— ,3  cm,  beaked, 
rouiiflod  or  slightly  8-angled,  bright  red  with 
many  seeds  embedded  in  yellow  pulp.  Seeds 
broadly  ovate,  c.  14  mm  long,  testa  sculptured. 

Momnrdtra  comprises  aliout   40  Species,  HiB 
majority  of  which  are  African. 
Ecology  Momordica  rostrata  occurs  in  dry 

woodland,  wumlid  grassland  and  on  river 
l)anks.  It  IS  found  from  sea-level  up  to  1650  m 
ahilude. 

Genetio  resources  and  breeding  Jl/o- 

wntrlira  rostrata  is  common  in  at  least  part  of 
its  distribution  area,  e.g.  in  Tanzania,  and  no 
threats  are  envisaged. 

Proapeots  Momordica  rostrata  is  likely  to 
remain  a  locally  popular  vegetable  It  may 
come  to  play  a  role  in  breeding  programmes  of 
Momordica  eharantia. 

Major    reiSsrenoes    Jeffri^,    C,  1996; 
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MORINGA  OLEtPERA  Lam. 

Protologue  Encycl.  1(2):  398  (1785). 
Family  Moringaoeae 
Chromosome  number  (f  =  1 1,  2ii  =  28 
Synonyms  Motiiiga  pterygoaperma  Gaertn. 
(1791). 

Vernaonlar  names  Drumstick  tree,  ben  oil 
tree,  horseradish  tree  (En).  Rfii  ;iilee.  moringa 
ailee,  puis  quenique,  neverdie  (I'r).  Mur- 
ingueiro  (Po).  Mzunze,  mronge,  mlonge  (Sw). 

Origin  and  geographic  distribution  Mor- 
inga  oleifera  is  indigenous  in  northern  India 
and  Pakistan.  It  has  been  introduced  through- 
out the  trebles  and  subtropics  and  has  become 
naturalized  in  many  .African  wuntries. 

Uses  Whereas  m  Asia  the  I'ruits  are  the  must 
important  part  of  Moringa  oUdfem,  the  leaves 

arc  pn-fprrrfl  in  .\frira.  The  lfa\cs  arr'  oatrn  as 
a  salad,  cooked,  and  in  soups  and  sauces.  Flow- 
ers are  sometimes  eaten  as  a  vegetable,  added 
to  sauces  or  used  to  make  tea.  In  Sudan  the 
flowers  arc  made  into  a  paste  by  rrushinp  and 
then  fried.  The  young  fruits  are  eaten  as  a 
vegetable,  older  fruits  are  added  to  sauces.  In 
West  Africa  sonic  health  projects  fight  malnu- 
trition quite  successfully  by  promoting  a  num- 
ber of  measures  indudhig  the  use  of  Morittga 
oleifera  leaf  powder  in  the  diet  of  diildren  and 


Moringa  oleifera  -  planted 


pregnant  and  lactating  women.  The  tuberous 
root  cores  can  be  a  substitute  for  horseradish 
(Armoraeia   rustiemia   Gaertn.,    B.M^.  & 

Scherb  ) 

The  whole  or  pounded  seeds  have  long  been 
used  to  purify  water  in  Sudan,  and  this  prac- 
tice is  promoted  elsewhere  in  .\frica  The  seed 
cake,  a  residue  from  oil  extraction,  can  also  be 
used  for  water  purification. 
The  fried  seeds  are  eaten  in  Nigeria  and  are 
said  to  taste  like  groundnuts.  The  seeds  are 
added  locally  to  sauces  for  their  bitter  taste. 
The  seed  oil,  known  as  "Ben  oiF  or  'Behen  oil', 
can  be  Used  for  eookint;  in  hair-dressing,  as  a 
lubricant  and  m  the  perfume  industry  as  a 
base  for  fragrant  volatile  compounds  in  per- 
fumes. 'Moringa  acid  oil',  consisting  of  fatty 
acids  from  the  seed  oil,  is  used  as  a  lubricant 
and  to  make  soap. 

Almost  all  parts  have  traditional  medicinal 

applications.  Especially  ibe  us(>s  as  an  ano- 
dyne, anthelmintic,  antispasmodic  and  disin- 
fectant (bactericidal,  fungicidal)  are  wide- 
spread. The  bark  exudes  a  white  to  reddish 
gum  (Ben  gum  or  .Moringa  gum  )  with  the 
properties  of  tragacanth  (Astragalua)  oil,  which 
is  used  for  tanning,  in  calioo  printing  and  is 
sometimes  added  to  sauces  to  make  them 
thidcer. 

Moringa  oleifera  is  used  for  living  fences,  in 

alley  cropping  and  as  a  source  of  nectar  for 
bees.  The  leaves  are  eaten  by  livestock,  espe- 
cially goats,  camels  and  donkeys.  The  seed 
cake  is  considered  unsuitable  as  animal  feed 

because  of  the  high  content  of  alkaloids  and 
saponms  and  is  mamly  used  as  fertilizer.  The 
soft  wood  bums  smoke-free  and  jrields  a  blue 
dy«.  In  India  its  pulp  has  bean  used  to  make 

paper. 

Production  and  international  trade  in  Af- 
rica local  trade  is  mainly  restricted  to  the 

leaves  Tn  Kenya  some  200(1  mnstly  small-SCale 
farmers  produce  Moriiiga  oleifem  green  fruits 
for  the  Asian  community.  In  Tanzania  an  en- 
terprise has  started  with  the  aim  of  producing 
oil  and  a  noeculaling  agent.  There  is  consider- 
able international  trade,  mostly  from  India,  in 
canned  and  fresh  fruits,  oil,  seeds  and  leaf 
powder,  but  statistics  on  the  volumes  and 
value  are  not  available. 

Propertiea  The  leafy  tips  of  Moringa  oleif- 
einccmtain  ])er  ion  g  edible  jiortion;  water  78  7 
g,  energj-  2<i8  kri  (U  l  kcal),  protein  D.  I  g,  fat  1.1 
g,  carbohydrate  8.3  g,  total  dietary  fibre  2.0  g, 
Ca  186  mg.  Mg  147  mg,  P  112  mg,  Fe  4.0  mg, 
Zn  0.6  mg,  vitamin  A  7564  lU,  thiamin  0.3  mg, 
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riboflavin  0.7  mg,  niacin  2.2  mg,  folate  10  ^g, 
ascorbic  acid  51,7  mg.  The  raw  fruits  contain 
per  100  g  edible  portion:  water  88.2  g,  energy 
ir,r,  k.I  (37  kcal)  profoin  2  1  t;  fat  0.2  g.  carbo- 
hydrate 8.5  g,  total  dietary  tibre  3.2  g,  Ca  30 
mg,  Mf  45  mg,  P  50  mg,  Fe  0.4  mg,  Zn  0.4  mg, 
vittiinin  A  71  IT  thinmin  0.05  mg.  riboflavin 
0.07  mg,  niacin  O.G  mg,  folate  44  \ig,  ascorbic 
acid  141.0  mg  (USDA,  2003).  The  dry  seeds 
contain  on  average:  protein  29%,  fibre  7.5% 
and  oil  'M) — 12%;  of  tho  tnfnl  fntty  nrid  ronfont 
oleic  acid  65-75%,  belienic  acid  9%,  palmitic 
add  9%,  stearic  add  7%  and  small  amounts  of 
lignoceric  acid  and  myristic  acid.  Hie  oil  is 
clear  and  odourless  and  does  not  become  randd 
quickly.  Seeds  of  Moringa  oldfem  contain  a 
gluoosinolate  that  on  hydrolysis  yields  4-(<K-L- 
rhamnosy!oxy)-l)en/_\  1  isothiofvanate,  an  active 
bactericide  and  fungicide.  The  seeds  of  Mor- 
inga  oUifem  yield  a  lower  amount  (4-6%  of  dry 

weight)  of  glvK-nsindl.nlo  than  tbo.';r-  of  Moriiiiia 
sten<^tala  (8-10%  of  dr>'  weight)  and  should 
therefore  be  used  at  a  higher  dosage.  This 
isothiocyanate  gives  thr  crushed  seeds  the 
pungent  horseradish  sim'll  Gluit)sin(ilatfs  are 
of  mterest  for  human  health  as  their  hydrolysis 
metabolites  have  both  positive  (e.g.  anti- 
carrinogonic)  and  negative  (eg.  toxic)  effects. 
The  seed  contams  a  prutem  (cationic  polyelec- 
trolyte)  that  acts  as  a  flocculant  in  water  puri- 
fication. It  also  contains  a  non-protein  floccu- 
lanf  that  is  morn  effective  in  purifying  low- 
turbidity  water.  A  number  of  compounds  with 
medicinal  properties  have  been  isolated.  The 
fruit  and  leaf  contain  oxalic  acid,  the  hark  mor- 
inginine,  the  stem  vanillin,  the  flower 
kaempferol  and  queroetin  and  the  root  spiro- 

cllin  and  pli  i}  gospermin. 

The  \voo<l  is  white  and  soft,  and  has  a  specific 
gravity  of  0.27. 
Adiilteratioaa  and  snbstitiitea  Moringa 

oleifprn  anH  }fnn'nffa  striinprlala  (Baker  f.) 
Cufod.  have  many  characteristics  in  common. 
Uses  as  a  vegetable  and  water  purifier  are 
similar.  They  share  several  nn  licinal  uses  and 
both  ha\e  his^h  contents  of  oil  in  the  seeds. 
Moringa  oleifera  has  a  faster  development  and 
yields  fioiits  and  seeds  quidcly.  Moringa 

atetioprlnla  is  better  suited  to  a  drier  rlimate; 
yields  of  seeds  arc  higher  with  a  higher  yield  of 
coagulant.  Moringa  peregrina  (Forssk.)  Fiori, 
the  Ben-oil  producer  of  ancient  I  '^^-ypt  produces 
seeds  with  similar  oil  content  and  has  several 
medicinal  uses  as  well. 

Deaeription  Dedduous  to  semi-evergreen 
shrub  or  small  tree  up  to  10  m  tall;  trunk  up  to 


Moringa  uleifera  -  I,  leaf;  2,  iufloreseaice;  3, 
fruit. 

Source:  PROSEA 

45  cm  in  diameter;  bark  whitish,  grey  or  pale 
buff,  smooth  oi-  rarely  rugose,  corky;  young 
.shoots  purplish  or  greenish  white,  pubendous. 
Leaves  alternate,  6.5-60  cm  long,  2-3-pinnate, 
with  4-6  pairs  of  pinnae;  stipules  absent,  but 
petidle  with  stipitate  glands  at  base:  leaflets 
elhptical  to  obovate,  0.5-2(-3)  cm  x  0.3-1.3(-2) 
cm,  rounded  to  cuneate  at  base,  apex  rounded 
to  emarginate.  Inflorese(Mie(>  a  si)n>ading, 
many-flowered  panicle  H-'.U)  cm  Ifing  Flowers 
bisexual,  zygomorphic,  5-merous;  sepals  free, 
7-14  mm  long,  often  unequal;  petals  free,  ob- 
long-spatulate  1-2  cm  long  unequal  the  larg- 
est erect,  velvety  pubescent,  white  or  cream; 
stamens  5,  filaments  7-8  mm  long,  anthers 
waxy  yellow  or  orange,  alternating  with  3-5 
staminodes:  ovary  superior  stalked,  cylindri- 
cal, 3—5  mm  long,  pink  at  base,  densely  hair^', 
1 -celled,  style  slender,  glabrous,  without  stig- 

matir  lobes.  Fruit  an  elongate  3-valvefl  eapsule 
10-50  cm  long,  9-ribbcd,  brown  when  ripe, 
many-seeded.  Seeds  globose,  1—1.5  cm  in  di- 
;iin<  tt  r  with  3  thin  wings 0.5-2.6  cm  long. 

Other  botanical  information  Moringa  is 
the  only  genus  of  the  Moringaceae,  a  family 
related  to  Brasaicaeeae.  It  comprises  13  spe- 
des,  of  which  8  are  mdemic  to  the  Horn  of  Af- 
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rica.  Moringa  oleifera  is  most  closely  related  to 
Moringa  con-canensia  Nimmo  (also  from  India) 
and  Moringa  peii-^iiiid  (Forssk.)  Kiitii  (from 
the  region  arounil  the  Rcil  Sc;i.  the  Horn  of 
Africa,  Yemen  and  Oman).  These  3  species 
share  a  slender  tree  habit  and  the  zygomorphic 
flowers. 

Growth  and  development  Germination 
rates  for  fresh  seeds  are  around  80%,  going 
down  to  about  50%  after  12  months  storage, 
Init  no  soorls  survive  2  years  of  stornpe.  Ini- 
tially the  tree  grows  at  a  remarkable  rate;  3-1 
m  growth  in  a  year  is  not  unusual.  Young  trees 
raised  from  seed  stnrt  flowerini;  jiffer  2  years. 
In  trees  grown  from  cuttmgs  the  first  fruits 
may  be  expedited  6—12  months  after  idanting. 
Flowering  often  precedes  or  coincides  with  the 
formation  of  new  leaves.  In  Nigeria  flowering 
occurs  throughout  the  year. 

Etcolo^  Moringa  oleifera  grows  well  at 
lower  olovations  fn  East  .Afrirn  it  is  found  up 
to  1350  m  altitude,  but  its  adaptability  is 
shown  by  a  naturalized  stand  at  over  2000  m 
in  Zimbabwe.  It  is  drought  tolerant  and  is 
found  m  lopations  with  as  little  as  -500  mm 
annual  ramfall.  It  can  be  grown  m  a  wide 
range  of  soils  but  fertile,  well-drained  soils  are 

mnsl  suit.il)!i- Lifjlit  fro-i      I  ili  ruled. 

Propagation  and  planting  In  Africa  Mor- 
inga  oleifera  is  mostly  propagated  by  seed;  in 
India  the  use  of  rutlinps  is  more  common  as 
trees  raised  from  seed  produce  inferior  fnait. 
Seed  is  either  sown  directly  m  the  field  at  the 
onset  of  the  rainy  season  or  in  an  irrigated 
nursen,"  during  the  dry  season.  It  is  sown  at  a 
depth  of  2  cm.  Germmation  takes  (3— )7— 14 
days  and  seedlings  benefit  from  shade  (about 
50%).  Initially  they  are  watered  twice  a  day, 
but  this  is  rcduo  d  tn  onrn  a  day  when  seed- 
lings are  10-15  cm  tall.  Seedlings  grow  to  15- 
26  cm  in  2  monUis;  afber  3  months  th^  are  40 
cm  tall  and  ready  for  plant  in  p  out.  Planting  out 
should  coincide  with  the  onset  of  the  rains. 
Manure  is  applied  in  each  hole. 
Cuttings  are  primarily  used  for  the  establish- 
ment of  live  fences.  Rranehes  1-1..")  m  in  length 
with  a  diameter  of  up  to  4  cm  will  root  readily 
in  just  a  few  months.  When  grown  as  a  short- 
duration  rrnp  in  monoculture  }fnn'iifin  nlrift^ra 
is  planted  at  a  spacing  of  0,7-1  m;  when 
planted  for  long-term  production  a  common 
spacing;  is  1-5  m  either  way.  In  Tanzania  Mor- 
inga tili'ijvni  is  grown  for  the  jirndurtion  of  seed 
for  oil  and  tlocculant  at  a  recommended  density 
of  800  trees  per  ha.  In  alley  cropping  an  intra- 
row  pacing  of  2  m  is  used.  In  the  wet  season 


cereals  arc  grown  between  the  lines,  in  the  dry 
season  vegetables. 

management  Moringa  oleifera  usually  re- 
ceives little  care  apart  fmm  watering.  If 
planted  during  the  di-y  season  half-shade 
should  be  provided  and  watering  should  be 
done  regularly  until  the  trees  are  estaldished 
Manure  application  is  essential  to  obtam  good 
yields.  Manure  is  spread  over  the  whole  field, 
so  asso(  iat(Hl  {•roi)s  benefit  too.  Some  farm<'rs 
ai>ply  ehemiral  f<M-tili7ers  mainly  NPK  (e.g. 
15-15-15)  and  urea,  but  only  at  the  base  of  the 
trunk.  Pollarding,  coppicing  and  lopping  or 
pruning'  are  reconimended  ti)  ju'oinote  branch- 
ing, mcrease  production  and  facilitate  harvest- 
ing. Because  its  shade  can  be  controlled  well 
Moringa  oleifera  is  suitable  for  planting  in  al- 
ley cropping  and  in  vegetable  gardt-ns  When 
trees  reach  1.6  m,  farmers  prune  them  (at  5U 
cm  from  the  ground  or  at  ground  level  for  older 

ones)  nnre  or  twice  a  year.  .\  second  pruning 
usually'  takes  place  before  ramadan  because 
demand  and  prices  are  high  during  that  period. 
After  pruning,  it  takes  about  3  weeks  till  leaves 
can  be  har\ested  Pruned  poles  are  used  for 
fences  around  fields  or  houses,  or  to  build  cor- 
rals. Weed  control  is  done  manually  with  a  hoe. 
In  Niger  MnriHS.<i  olcifpiti  has  lu-coine  80  im- 
portant that  it  is  grown  as  a  field  crop. 

Dlaeaaea  «Bd  pests  In  Niger  caterpillars 
are  the  main  pest  of  Moringa  and  timely  prun- 
ing provides  .some  control.  Termites  may  be  a 
pi-oblem  locally.  The  tree  is  not  seriously  af- 
fected by  diseases  in  India.  Root-rot,  related  to 
poor  drainage  and  caused  by  Diplodift  sj),,  has 
been  observed.  The  hairy  caterpillar  Eupterole 
molifera  can  cause  defoliation  and  requires 
spraying  to  control  it.  Other  pests  include 
aphids,  other  caterpillars  (e  g.  ffcfi'nfhi.i  or- 
migera),  a  scale  insect,  a  borer  and  a  fmit  fly. 

Harvesting  In  Niger  harvesting  of  leaves 
starts  two  and  a  half  months  an<  i-  SDwing. 
Leaves  are  pulled  from  the  branches,  then  put 
in  bags  and  transported  to  the  market.  Har- 
vesting IS  done  twice  a  month.  Harvesting  of 
green  fruits  may  start  7  months  after  planting: 
harvesting  of  dry  fruits  for  seed  about  (i  weeks 
later. 

Yield  Leaf  produc-lion  in  Niger  is  highest 
during  the  rainj-  season,  when  a  plot  of  1000 
m^  jields  13-14  bags  per  harvest,  whidi 
amounts  to  about  27  bags  or  600  kg  per  month 
In  the  drj-  season  monthly  yields  drop  to  2-1 
bags  in  the  cool  months  and  to  10-15  bags  dur- 
ing the  warmer  months  if  irrigated.  This  is 
equivalent  to  an  annual  production  of  27  t/ha 
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fresh  leaves.  In  Tanzania  the  seed  j'ield  of  a  I- 
year-old  tree  is  about  3.3  kg.  In  India  a  good 
tree  yields  1000  fruits. 

Handling  after  harvest  Letnes  am  he 
dried  and  stoi-ed.  I'owdermg  the  leaves  before 
storing  is  locally  conmum.  Stored  seeds  are 
susceptible  to  insect  damage  and  require  pro- 
tective measures. 

Genetic  reaoureea  Mosi  genetic  variation 
in  Mnringa  oleifera  is  found  in  north-western 
Indin,  but  in  the  wild  it  is  probably  extinrt.  As 
it  is  a  cross-pollinated  tree,  high  heterogeneity 
in  form  and  yield  is  common.  Research  into 
genetic  Viination  in  popuhitions  from  Kenya, 
Malawi  and  India  concluded  that  germplasm 
from  at  least  two  aouroes  has  been  introduced 
into  Kenya.  The  high  levels  of  population  dif- 
f  n  tit i;ition  suggest  th;d  provenance  source  is 
niipurlant  in  the  conservation  and  exploitation 
of  genetic  resources.  The  species  is  widespread 

in  the  tropics  nnd  .subtropies  nnd  thrrr'  :\vo 
numerous  accessions  in  genebanks,  e.g.  in  the 
Centre  National  de  Semenoes  Foresti  res 
(CNSF),  Ouagadougou,  Buridna  Faao.  In  the 
Philipi>incs  where  the  leaves  are  popular,  a 
sizeable  collection  is  maintained  at  the  Na- 
tional Plant  Genetic  Resources  Laboratory, 
IPRATLB.  rollopo  l.os  Rnfios. 

Breeding  No  breedmg  work  has  been  un- 
dertaken in  Africa.  In  India  'Jafbia'  types  are 
popular  for  their  long  fruits  (60  cm  to  more 
than  1  ni  long).  In  Indin  n  short-stem  typo  of 
Moringa  oleifera,  released  as  PIvNil,  has  also 
been  developed  for  the  production  of  immature 
fruits  Many  farmers  gntw  this  type  as  an  an- 
nual (two  harvests  per  year).  For  Africa  the 
most  important  selection  criteria  would  be  high 
leaf  yield,  whereas  s<>lection  and  bretHling  h;i\  > 
so  far  ronrentrntod  on  optimizing  fruit  yield. 
There  is  potential  for  hybridization  with  other 
Moringa  species.  Moringa  stmopetala  ootitains 
florculnting  .igcnls  sjniilai-  to  thoso  in  }fnriii!ia 
oleifera  and  produces  bigger  seeds,  so  it  may  be 
possible  to  increase  yields  by  hybridization 
with  this  species.  It  may  be  possible  to  increase 
the  oil  yield  "f  Moringa  oleifera  by  producing 
hybrids  with  Moringa  peregrina  (Forssk.)  Fion, 
which  has  higher  oil  content  (c.  60%).  So  fiar,  no 
results  of  hybridizati<m  trials  have  been  pub- 
lished. 

Prospects  Moringa  oleifera  is  likely  to  be- 
come an  evmi  more  important  multipurpose 
crop  in  .Africa  than  it  is  at  present.  Research 
interest  in  several  Moringa  species  is  enor- 
mous. The  use  as  a  low-cost  water  purifier  is 
big^ily  valuable  for  sanitary  improvement  in 


remote  villages.  Cultivar  selection  and  the  de- 
velopment of  hybrids  have  great  potential. 
Many  of  the  local  medicinal  applications  are 
not  fully  substantiated  by  pharmacnlogual 
research  and  warrant  further  i-esearch.  The 
industrial  demand  for  Moringa  oil  is  likely  to 
increase  as  novi= I  a])pIications  are  developed. 
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Moringa  STENOP£TALA  (Baker  f.)  Cufod. 
Protologue  8enck«iberg.   Biol.  38:  407 

Family  Mormgaceae 

Vernacular  names  Cabbage  tree,  African 

roiinga  tree  (En). 

Origin  and  geographic  distribution  .lAor- 
inga  aienopetala  is  endemic  to  East  Africa, 
where  it  occurs  in  northern  K^iya  and  in 
Ethiopia,  Tn  Efhiopin  i1  is  widely  cultivated. 
The  cultivated  trees  may  have  been  derived 
frt>m  a  wild  population  at  Chew  Bahir  (Lake 
Stephanie),  which  is  now  extinct.  Moringa 
steiiopetala  is  presently  (inl>  known  in  the  wild 
from  five  localities,  all  in  northern  Kenya.  Re- 
cords for  Djibouti  and  Somalia  are  probably 
bnspd  on  misidcntifirntinns  or  on  recent  intro- 
ductions, and  records  from  Sudan  and  Uganda 
probably  refer  to  cultivated  spedmena.  In  re- 
cent years  Moringa  Henopetala  has  been  dis- 
persed and  promoted  in  many  tropical  coun- 
tries, e.g.  Senegal  and  Malawi. 

Uses  In  Kcmso  (Ethiopia)  the  leaflets  Mor- 
inga atmopeiala  are  s^arated  from  the  radhis 
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Moringa  stau^^etala  -  wild 

and  plunged  into  boiling  water.  Salt  or  sodium 

carbonair  is  nrlHod  to  the  wntrr  While  tho 
leaves  are  cookingj  a  mixture  of  flours  is  pre- 
pared, then  kneaded  and  made  into  balls  2-5 
cm  in  diameter.  These  are  tossed  inii>  rhr  wa- 
ter as  well  and  after  about  10  minutes  the  balls 
and  the  leaves  are  ready  tu  serve.  The  addition 
of  fat  (grease  or  butter),  small-sized  cereal  balls 

and  a  large  amount  of  leaves  are  considered  to 
make  this  dish  a  good-quality  meal.  Young,  suit 
fruits  can  also  be  added,  but  the  slight  ly  bitter 
taste  restricts  the  use  to  periods  whm  fixkl  is 
in  short  supply  During  the  drj'  sonson  the  av- 
erage consumption  of  leaves  by  adults  in 
southern  Ethiopia  is  150  g/day,  corresponding 
with  ]!»%  of  the  energ\'  and  30%  of  the  protein 
requirement.  Over  5  million  people  consume 
Moringa  ataiopetala  as  a  vegetable. 
Moringa  siennpclala  has  many  other  uses.  The 
Turkana  people  of  northern  Kenya  make  an 
infusion  of  the  leaves,  which  is  used  as  a  rem- 
edy against  lepro^.  The  Njemp  people  in 

Kenya  chew  the  bark  as  n  treatment  apainst 
coughs,  and  use  it  to  make  fortilying  soups.  In 
the  Konso  area  of  Ethiopia  the  smoke  of  bum- 
inu  i  Kits  IS  used  as  a  treatment  for  epilepsy 
and  the  leaves  of  eertain  Moritiga  slciiopi'tuia 
trees  are  renowned  for  their  effectiveness 
against  diarrhoea.  In  the  Negelle  and  Wolayeta 
So(!(i  areas  (Ethiopia)  the  leaves  and  routs  ,irc 
used  as  a  cure  for  malaria,  stomach  problems 
and  diabetes.  The  leaves  are  also  used  to  treat 
hyp^ension,  retaini-  i  |  <l.ii  i>nta,  asthma,  colds, 
as  an  anthelmintic,  to  induce  vomiting  and  to 
promote  wound  healmg.  In  Somalia  the  smoke 
of  burning  roots  is  said  to  be  inhaled  by  women 
during  difficult  labour,  but  as  the  apedes  has 


not  been  collected  so  far  in  Somaha,  this  record 
is  probably  incorrect. 

The  wood  is  ven,'  soft  and  useful  for  making 
pajier  but  it  makes  lf>w-grade  firewood  and 
poor-quality  charcoal.  In  the  N'egelle  and 
Wolayeta  Sodo  areas  the  seeds  are  used  to  pu- 
rify water.  Although  in  cultivation  the  primary 
goal  is  vegetable  production,  the  tree  can  also 
play  a  role  in  erosion  control,  as  a  live  fence,  as 
a  windbreak,  for  shade  and  as  a  bee  plant.  In 
Ethiopia  the  leaves  especially  of  trees  with 
bitter  leaves  considered  unsuitable  for  human 
consumptitm,  and  young  fruits  are  fed  to  live- 
stock  The  Turkana  people  also  feed  the  leaves 
to  theu*  hvestock.  In  some  areas  of  southern 
Ethiopia  the  seed  oil  is  used  as  a  lubricant,  in 
perfumerj'  and  in  soap  production. 

Production  and  international  trade  In  local 
markets  in  Ethiopia  leaves  are  sold  lor  vegeta- 
ble use.  There  seems  to  be  a  modest  trade  in 

leaves  from  .south -west em  Ethiopia  to  Addis 
Ababa  ibr  use  as  medicine. 
Properties  The  raw  leaves  of  Moringa 

ataiopetala  contain  per  100  g  dr>'  matter:  en- 
ergy 1235  kJ  (295  kcal),  protein  9.0  g.  fat  5.8  g. 
carbohydrate  51.8  g,  crude  fibre  20.8  g,  Ca  793 
mg,  P  66.6  mg,  Zn  0.63  mg,  vitamin  A  31  TU 

and  ascorbic  acid  2S  mg  (.\buye  et  al.,  200:^). 
The  composition  of  the  seed  oil  is  not  well 
known  but  likely  to  be  similar  to  that  of  Jlfor* 
ingn  oleifem.  .'\nalysis  of  a  sample  fixnn 
T'ganda  indicat(^d  fatty  acid  composition  as: 
palmitic  acid  6%,  stearic  acid  4%,  oleic  acid 
75%,  arachidic  acid  3%,  behenic  acid  6%.  The 
unsaturated  fatty  acids  account  for  78%  of  the 
total.  The  oil  further  contained  sterols  0.5% 
(mainly  [5-sito8terol  and  A^venasterol)  and 
tocojtlK  rol>  I'  ll)  mg/kg  (mainly  o-tocopherol,  f- 
tocopherol,  and  5-tocopherol). 
Defatted  and  shell-fi*ee  seeds  of  Moringa 
stmop^ala  contain  the  gluoosinolates  4-<o(-L- 
rhamnopyranosyloxy)-bcnzyl  glurosinolate  and 
glucoconringiin  (2-hydroxy-2-methylpropyl 
glucosinolate).  On  hydrolysis  the  former  yields 
4-{a-L-rh  a  m  n  osy  loxy  )-ben  zy  1  isothiocyanate, 
an  active  bactericide  and  fungicide.  The  seeds 
of  Moringa  stenopelala  yield  a  higher  amount 
(8-10%  of  dry  weight)  of  the  glucosinolate  than 
those  of  Mnritifia  oleifera  Lam.  and  can  there- 
fore be  used  at  a  lower  dosage.  The  isothiocy- 
anate gives  the  crushed  seeds  their  pungent 
horsoradidi  sin>  II  The  ghicosinolates  in  the 
leaves  were  found  to  cause  goitre  but  to  a 
lesser  extent  than  expected  on  the  basis  of 
their  concentration.  However,  in  a  diet  poor  in 
iodine  it  may  be  a  contributing  £actor.  The  seed 
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contains  a  protein  (cationic  polyeloctrolj'te) 
that  acts  as  a  flocculant  in  water  purification. 
It  can  be  extracted  fix>m  the  ground  seed  with 
salt  water 

Eithanol  extracts  of  leaves  and  roots  have 
shown  promise  in  control  of  T^rypemoaoma 

bnicci  imt\  Leishinaitia  duiioraiti  in  in-\i1ro 
expenments.  The  leaf  extract  causes  increased 
uterine  smooth  muscle  contractions  in  mice 
and  guinea  pigs.  The  medicinal  use  of  1(>mvcs  to 
oxpel  n  ri-tain<'il  plnrontn  may  he-  rflalfil  to 
these  mcrt-ased  contractions.  A  crude  seed  ex- 
tract strongly  inhibited  growth  of  Staphyloeoe' 
CMS  aureus.  SulinotieUa  typhi,  Sh^Ua  ap.  and 
Caiididu  albicans. 

The  hypuglycaemic  effect  of  an  aqueous  extract 

of  Moringa  atenopelala  leax  es  was  confirmed  in 
non-dinbi'tu-  rabbits.  In  in-vivo  experiments 
the  extract  and  glibenclamide  were  compared. 
The  plant  extract  was  found  to  lower  blood 

plucdsi-  fonront rat i(in  nlfhouph  it  was  loss  po- 
tent than  gUbenclamide.  The  effect  was  ob- 
served to  increase  with  time  and  with  increas- 
in^;  <ln<e  of  the  extract. 

Adidterations  and  substitutes  Moriii^a 
olei/era  and  Moringa  steuopaiaLa  have  many 
characteristics  in  common.  Use  as  a  vegetable 

and  water  purifier  are  similar  They  sliai-f  sev- 
eral medicinal  uses  and  both  have  high  con- 
tents of  oil  in  the  seeds.  Moringa  oleifera  has  a 
faster  development  and  yields  fruits  and  seeds 
quickly.  }fonn_i>a  .sttvinpetala  is  better  suited  to 
a  drier  climate;  yields  of  seeds  are  higher  and 
they  have  a  higher  coagulant  content. 

Description  Rinal!  tree  up  to  10  m  tall: 
tnmlt  up  to  100  cm  m  diameter  swollen,  bot- 
tle-shaped;  bark  whitish,  pale  i;rey,  sUvery  or 
blackish,  smcwth:  crown  strongly  brandied; 
yniinp  shoots  densely  pubescent.  Lrnves  alter- 
nate, up  to  55  cm  long,  2-3-pinnat.e,  with  c.  5 
pairs  of  pinnae;  stipules  absent,  but  petiole 
with  .'^tipitate  glands  at  base;  leaflets  elliptical 
to  ovate,  3.5-6.5  cm  x  2-3,5  cm,  with  stipel-like 
glands  at  base  of  stalk,  rounded  to  cuneate  at 
base,  apex  acute,  with  thickened  apuukim. 
Inflorescence  a  dense  many-flowered  panicle 
up  to  60  cm  long.  I'lowers  bisexual,  regular,  G- 
merous;  sepals  firee,  4-7  mm  long,  equal,  cream 

flushed  pink:  petals  free,  ohlonp  t<j  linear- 
oblong,  8-lQ  mm  long,  equal,  with  long  hairs 
inside,  white,  pale  yellow  or  yellow-green;  sta- 
mens  5.  iilaments  4-6.5  mm  long,  anthers  yel- 
low, alternating  with  staminndes:  ovarj*  supe- 
rior, stalked,  ovoid,  c.  2  mm  long,  densely 
haiiy,  1-celled,  style  narrowlj'^  qrlindiical,  gla- 
brous, without  stigmatic  lobes.  Fruit  an  ekm- 


Moringa  atenopek^  -  1,  part  of  leaf;  2,  part  of 

inPovi'sct'tice;  .?,  Pntrrr;  I  fniil:  .'>  srt'tl 
Redrawn  and  adapted  by  laUah  Syainaudin 

gate  3-valved  capsule  20-60  cm  long,  grooved 
twisted  when  young    later  straight,  reddish 
with  greyish  bloom,  many-seeded.  Seeds  ellip- 
tical-trignmous,  2.5-3.5  cm  x  1.5-2  cm,  with  3 
thin  wings  6-9  i  iii  li 

Other  botanical  information  Moringa 
comprises  13  species,  of  which  8  are  endemic  to 
the  Horn  of  .Africa.  Moringa  .i/.enopetoIa  shares 
its  bottle-shaped  trunk  with  Moringa  ovalifolia 
Dinter  &  A.Berger,  found  in  Namibia  and  An- 
gola, and  with  two  «idemics  of  Madagatsear, 
Moringa  drouhnrdii  Jum.  and  Morins^a 
hildebrandtii  Engl.  These  four  species  also 
have  the  small,  regular  flowers  in  common. 
Cladistic  evidence,  however,  suggests  that  they 

are  nr^t  <-|MS('!y  related. 

Growth  and  developmeut  In  e.vperimental 
plantings  of  Morin^  stenopetala  in  Sudan, 

plants  reached  a  height  of  3  m  in  14  months. 
First  flowers  appeared  2.5  years  aftet  sowing. 
In  Konso  the  first  leaves  are  harvested  after 
about  3  years. 

Ecology  The  wild  populations  of  Mniinga 
stenopetala  are  found  at  lOO-lOOU  m  altitude 
in  areas  with  mean  annual  temperatures  of 
24-S0"C.  In  cultivation  Moringa  ataiopetala  is 
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found  at  500-1800  m  altitude,  but  the  upper 
growth  hmit  extends  to  2100  m  if  trees  are 
shehered  from  wind  and  heavy  rain.  Annual 
rainfall  in  the  areH  where  it  is  found  m  Ethio- 
pia is  500-2 100  mm.  Light  frost  is  tolerated, 
but  severe  frost  may  cause  trees  to  die  back  to 
ground  level,  hi  the  wild  .\f(>riiij^n  steiiojH'lala 
usually  occurs  on  rocky  ground  near  perma- 
nent water.  It  prefers  well-drained  soils  with  a 
high  groundwater  table,  yet  it  also  withstands 
drj'  rondition.s  well  and  ronsoquently  it  is 
found  in  both  wetlands  and  dry  areas. 

Propagatton  and  planting  The  recom- 
mended way  of  propagation  is  by  sowing  in 
polythene  bags.  Seeds  of  up  to  1  year  old  have 
a  germination  rate  of  doae  to  100%:  germina- 
tion of  older  seeds  is  variable  and  declines  as  a 
function  of  age  and  storage  method.  Seeds  are 
placed  1  cm  dtjep  in  a  mixture  of  sand  and 
loam,  enriched  with  compost.  The  bags  have  to 
111  in  h.ilf  shade  and  watered  daily.  Oerminn- 
tion  rate  and  speed  of  germination  are  highest 
at  25-30"C.  Transplanting  can  be  done  when 
the  plants  are  20  cm  tall  or  6  months  old.  and 
with  proper  water  supply  (.ilioat  2.5  I  of  water 
everj-  iJ— 4  days)  all  plants  should  survive.  The 
most  common  practice  in  traditional  cultivation 

is  (o  transplant  seedlinps  that  have  become 
established  under  old  trees.  Before  transplant- 
ing, branches  and  roots  are  cut  and  the  seed- 
lings are  left  t  o  diy  for  a  week,  roots  are  cov- 
ered with  ash  and  upper  parts  with  diinp  Tn 
arable  fields  in  Konso,  where  food  crops  such 
as  sorghum,  maize  and  finger  millet  are  grown, 
SO-i'O  tn-es4ia  are  maint .iiiieil  In  drier  areas 
the  trees  are  planted  in  micro-catchments.  In 
Arab  Mindi,  trees  are  mainly  grown  in  home 
gardens  of  up  to  0.1  ha  with  o-15  trees  per 
garden.  Other  crops  usually  grown  in  these 
gardens  are  papaya,  coffee,  banana,  cassava, 
maize,  sugar  cane,  cotton  and  Capsicum  pep- 
pers. 

Cuttings  can  be  used,  but  in  the  traditional 
practice  of  the  Konso  people  they  are  seldom 
used.  I'rees  established  from  cuttings  were 
found  1m       e  a  poor  root  system. 

Management  Trees  are  pruned  every  o 
years  during  the  rainy  season  (Mardi— April). 
Ownership  of  individual  trees  is  well  regulated. 
Even  trees  in  public  places  are  owned  by  indi- 
viduals and  the  right  to  harvest  leaves  of  a  tree 
for  life  can  be  bought  and  sold. 

Diseases  and  pests  The  main  problem  of 
Moringa  slenopelala  in  Konso  is  an  unidenti- 
fied caterpillar,  whidi,  in  just  a  week  can  de- 
vour the  leaves  of  the  trees  of  an  entire  village. 


No  effective  treatment  has  been  found  yet.  In 
excessively  wet  soils  root  rot  occurs. 

Harvesting  The  leaves  of  Moringa 
siciiofu'fafii  are  preferably  left  en  the  trees  dur- 
ing the  rainy  season  when  other  vegetables  are 
in  ample  supply.  Leaves  have  a  better  taste  in 
the  dry  sea-^iin  than  during  the  rains.  Harvest- 
ing is  mainly  done  by  children  using  a  long  pole 
with  a  sickle-like  blade  attached.  Fruits  are 
harvested  young  to  avoid  competition  with  leaf 
production. 

Yield  Yield  estimates  are  scarce.  Annual 
production  can  reach  2000  fiuits  or  6  kg  of  seed 
per  tree  under  ideal  conditions.  Medium  to 
high  fruit  and  leaf  fields  are  reported  for  the 
plains  of  the  Rift  Valley  at  about  1200  m  alti- 
tude. At  altitudes  of  over  1650  m  no  fiuits  at 
all  are  harve<(('il  imd  leaf  production  is  poor. 

Genetic  resources  A  single  wild  population 
is  known  from  Lake  Baringo  and  4  populations 

from  around  I.nl<e  Tiirknna.  Most  material 
used  in  past  res<  arch  probably  came  from  the 
Lake  Baringo  population.  In  the  cultivated 
trees  in  south-western  Ethiopia  there  is  con- 
siderable variation  in  characteristics.  The  taste 
of  the  leaves  differs  between  trees  and  ranges 
firom  sweet  to  bitter.  Some  trees  are  known  to 

produce  leaves  thai  are  nut s( .mding  for  Invit- 
ing diarrhoea.  Easy  disintegration  of  the  leaves 
during  cooking  is  also  an  important  diaracter- 
istic.  Selection  of  sr<  d  fivm  trees  with  good 
characteristics  has  been  practised  in  Konso 
over  a  long  period.  Increased  seed  size  of  culti- 
vated trees  in  comparison  with  wild  trees  is 
one  of  the  results  of  this  selection. 
The  Biodiversity  Conservation  and  Research 
Institute,  Addis  Ababa,  Ethiopia  holds  a  few 
germplasin  accessions  o{  Morinsa  atenopetala. 

Breeding  .\part  from  selection  liv  farmers  in 
Ethiopia,  no  attempts  have  been  made  to  im- 
prove Moringa  «f«nopetofa. 

Prospects  .\lthough  the  potential  of  .Vor- 
iiiga  slenopelala  has  long  gone  unnoticed,  it 
has  recently  attracted  a  lot  of  attention.  In  the 
fiiture.  the  use  of  Ethiopian  germplasm  in  re- 
search u  dl  improve  understanding  of  the 
variation  in  laste  and  chemical  composition. 
For  semi-arid  climates  Moringa  stmoptU^ 
may  eventiinlly  lieronie  an  even  more  impor- 
tant multi-puipose  crop  than  Moringa  oleifem. 

Mqjor  references  Abuye,  C,  Urge,  K., 
Knapp,  H  .  Selmar.  K..  Omwega.  A  M.,  Imungi, 
J.K.,  VVinterhalter,  P.,  2003;  Bennett,  R.N., 
Mellon,  F.A.,  Foidl,  N.,  Bratt,  J.H.,  Dupont, 
M.8..  Peridns.  L.  &  Kroon,  PA..  2003;  De- 
meuloiaere.   E.,   2001;   Engels^   J.M.M.  & 


MYRIANTHUS  399 


Goettsch,  E.,  1991;  Jahn.  S.A.A..  1901;  John, 
SAJL,  Musnad,  H.A.  &  Burgstaller.  H.,  lOSfi; 
Makonnffli,  E..  Hunde,  A.  &  Damecha 
1997;  SteinnuillfT.  N.,  Sonder.  K.  &  Kro-^.h.'l 
J.,  2002;  Verdcourt,  B.,  2000b;  Valemlsehay 
Mekonnen  &  Driger,  B.,  2003. 

Other  references  de  Saint-Siiuvcur.  A.. 
1993;  Eilert,  U.,  Wolters,  B.  &  Nahrstedt,  A., 
1981;  Gasaenschmidt,  U..  Jany,  K.D., 
Tau.sch(M-,  B.  &  Ni(>lKTt:;ill  H.  liisir.  Jahn, 
S.A.A.,  V.IHH  I.riLis  S  Tsnknis.  .1.  &  Sflomos, 
K.,  2003;  Maundu,  V.M,  Ngugi,  GAV.  &  Ka- 
buye,  C.H.8.,  1999;  Mayer,  F.A.  &  Stelz,  A., 
1993;  Olson,  M.E.  &  Carlqui^t  S..  2001;  Olson. 
M.E.,  2002;  Teketay,  D.,  1995;  Verdcourt,  B., 
1986;  Yalemtsehay  Mekonnen  &  Amare 
Geaseae,  1998 

Sources  of  illustration  Verdcourt,  B., 
198U;  Verdcourt,  B.,  2U0Ub. 

Authors  C.H.  Bosch 


Mtrianthw  ASBOREUS  P.Beauv. 

Protologue  Fl  Ownre  1:  IG.  t.  11.  12  (1805). 
Family  Cecropiaceae  (APG:  Urticaceae) 
Chromosome  number  2n  -  28 

Vernacular  names  '  linnl  yrllow  mulbeny, 
bush  pmeapple,  curkwuud  (En).  Grand  wou- 
nian,  arbre  h  pain  indigene  (Ft).  Pemambuco 

(Pn). 

Origin  and  geographic  distribution  ^fyH■ 
antlius  arboreus  occurs  m  the  forest  zone  of 
tropical  Africa  from  Guinea  and  Sierra  Leone 
east  to  southfi'ii  Suil.in  jiml  Kthidpi.i  and  aouth 
to  DR  Congo,  Tanzania  and  .Angola. 

Uses  In  West  Africa  young  leaves  are  eaten 
in  vegetable  soups.  In  Delta  and  Edo  States  of 


Myrianthua  arboreua  -  wild 


Nigeria,  the  leaves  of  Myriaullius  arboreus  are 
rated  among  the  most  popular  indigenous 
vegetables.  Throughout  the  range  of  the  spe- 
ries.  the  heartshaped  fruit,  failed  f  joil  li*  ;irt' 
m  Ghana,  is  eaten  for  its  sweet  or  acidulous 
pulp.  The  oil-ridi  seed,  which  is  about  1  cm 
long,  is  eaten  after  cooking  from  Cdte  dflvoire 
to  DR  Congo. 

Extracts  of  the  leaves  or  leafy  shoots  of  MyH' 
anlhiia  (irhorcii.t  are  used  in  Sierra  Leone,  Ni- 
geria and  the  .Mount  Cameroon  nren  in  prepa- 
rations to  treat  dysenleiy,  diarrhoea  and  vom- 
iting. In  the  Igala  area  of  Nigeria  the  leaves 
are  an  ingredient  of  a  febrifuge  given  to  young 
children.  In  eastern  Nigeria  a  plaster  made  of 
beaten  leaf-petioles  is  aiqplied  to  boils,  and  the 
bruised  leaf  is  similarly  used  in  Gabon.  In 
Conm>  i  hiipped  leaves  are  eaten  raw  with  salt 
to  treat  heart  troubles,  pregnancy  complica- 
tions, dysmenorrhoea  and  incipient  hernia.  A 
bark  decoction  is  drunk  to  treat  mnlarin  fever 
and  cough.  In  DR  Congo  a  leaf  decoction  is  also 
used  as  an  anticough  medicine.  In  Tanzania  an 
infusion  of  the  leaves  is  taken  to  improve  lacta- 
tion  in  women  Sap  from  young  leaves  or  ter- 
minal buds  is  applied  topically  to  treat  tooth- 
ache or  to  the  chest  against  bronchitis  and  to 
the  throat  .iL'ninst  Inryngitis  or  sore  throat 
Myrianthus  arboreua  is  a  useful  analgesic  in 
the  treatment  of  muscular  pains,  fractures  and 
haemonhoids.  In  Cote  rflvoire  pounded  leaves 
are  applied  as  an  enema  to  treat  jmin  in  the 
back  and  loins.  The  copious  sap  from  the  aerial 
roots  is  drunk  in  Congo  as  an  antitussive  and 
ant  idiarrhoeic.  and  as  a  remedy  for  haematuria 
and  blennorrhoea.  The  roots  are  dued  and  pre- 
pared together  with  meleguel  a  pepper  (seeds  of 
Afmmomuin  inelvgiida  K.Schum.i  as  a  vajjour 
bath  against  headache  In  Conpt)  the  whole 
fruit  is  boiled  m  sap  from  the  tree  or  in  palm 
wine  or  other  fixiit-ferments  and  taken  as  an 
emeto-purgative;  the  bark  or  leaves  are  used 
similarly  but  are  considered  less  elective.  Myr- 
kaUhus  arboreua  is  important  as  an  auxiliary 
plant,  the  leaves  forming  a  thick  layer  of  or- 
ganic mulch  It  is  being  tested  for  managed 
fallow  systems. 

Hie  wood  is  soft,  yellowish  white,  perishable 
and  difficult  to  work,  but  is  used  for  fcncinu 
and  occasional!}'  as  a  general  purpose  wood. 
The  wood  is  also  suitable  for  paper  making.  Its 
a<hcs  ;irc  used  in  soap  making  in  Guinea,  Ex- 
tracts of  AMyrianlhiis  arbormia  deter  the  termite 
Reticu  literm  ea  hi  cifugits. 

Ftodnotioii  and  intematioiial  teade  No  pro- 
ducticn  data  on  Myrianthua  arhoreua  are  avail- 
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able.  The  leaves  arc  locally  traded.  Export  trade 
of  the  leaves  is  not  reported,  but  several  firms 
are  ]ioein8<'d  to  expcnt  material  of  MyrUmlhua 
arf'orcns  fm-  plKinnaivntioal  purixisos 

Properties  There  is  no  information  on  leaf 
oomposition.  The  oompoBition  of  freeh  finiit 
pulp  nt  Myriautfiiis  sp.  per  100  g  edible  portion 
is:  water  85.5  g,  enet^y  205  kJ  (49  kcal),  pro- 
tein 1.9  g,  carbohydrate  U.8  g,  Ca  44  mg,  P  70 
mg,  Fe  1.1  mg.  The  oompoaition  of  dried  seeds 
per  100  p  is:  water  1M.5  g,  energy  1072  kJ  (471 
kcal),  protein  23.6  g,  fat  33. 1  g,  carbohydrate 
27.0  g,  fibre  3.5  g,  Ca  132  mg,  P  371  mg,  Fe  6.6 
ttvj.  iLcung.  W.-T.W.,  Busson.  F.  &  .Ijirdin  C. 
1986).  The  oil  consists  almost  exclusively  of 
linoleie  acid  (93%).  The  protein  is  ridi  in  the 
amino  acid  cystine  which  is  important  in  a 
region  where  chronic  dt-ficienqr  of  sulphur- 
bearing  amino-acids  occurs. 
Several  pentacydic  triterpenoida  have  been 
isolated  from  the  wortd  and  the  root?  Fiis- 
caphic  acid,  myrianthic  acid,  tormentic  acid, 
ursolic  add  and  a  derivative  of  ursenoic  add 
have  been  isolated  from  stems.  Myrijintlunn- 
acid  W!is  isolated  from  the  liari<  Tlu"  uood  also 
cuntams  myrianthiphyllm,  a  lignan  cmnamale. 
Bark  extracts  of  Myriaiilhus  arboreus  showed 
antiplasmodial  antimycohacterial  and  antitiy- 
panosomai  effects  m  vitro,  which  supports 
some  of  its  uses  in  traditional  medicine,  e.g.  to 
treat  malaria. 

Description  Dioecious  shrub  or  tree  up  to 
l  l(-20)  m  tall;  bole  short,  up  to  i  m  m  diame- 
ter, often  with  stilt  roots;  bark  fairly  smoodi, 
wroyish,  thin,  slash  white:  hrnnchi's  spreading. 
Leaves  arranged  spirally,  palmately  compound; 
stipules  up  to  6  em  long,  amplexicaul,  cadu- 
cous, leaving  annular  scars;  petiole  (l.'5-)25-66 
cm  long:  leaflets  5—7,  sessile  or  stalked,  lanceo- 
late or  oblanoeolate,  up  to  65  cm  x  22  cm,  mar- 
gin serrate  to  dentate,  whitiib  pubescent  on 

veins  below,  many-veined.  Male  inflorescences 
repeatedlj'  branched,  up  to  30  cm  in  diameter, 
consisting  of  glomerules,  with  peduncle  up  to 
20  cm  long;  female  inflorescences  ,i  nlolxise 
head  up  to  .15  cm  in  diameter  with  pi  duncle 
up  to  G  cm  long.  Flowers  sessile,  small;  male 
flowers  with  3-4  tepals  and  3-4  stamens;  fe- 
male flowers  with  2— 3-Iobed  perianth  and  su- 
perior, 1 -celled  ovaiy,  stigma  tongue-shaped. 
Fruit  drupe-like,  with  fle^y  perianth,  yellow 
to  orange-red,  1-seeiled.  elosely  ananued  in  an 
infructescence  up  Ui  cm  in  <Hanioter. 

Seed  up  to  12  mm  long.  Seedlmg  with  simple 
leaves. 

Other  botanical  tnlbtnuitiou  Myrianthua 


MyriauUma  arboreus  -  1,  bole;  2,  leaf;  3,  in- 
fmeteaeence. 

Fedrn  wn  and  adapted  by  Achmad  SaUri  Nur- 

comprises  7  sjxcies  and  is  restrided  to  tropical 
Africa  The  lowlands  of  West  and  Central  Ai' 
nca  are  richest  in  species.  The  leaves  of  Myri' 
anthua  Hberieus  Rendle  and  Myrianthus  aerra- 
tii.s  (Trecul)  Benth  &  H(i<ik.  are  also  occasion- 
ally collected  as  a  vegetable,  but  their  edible 
fruits  and  seeds  seem  to  be  more  important  as 
the}-  are  for  other  Myriaiilliii.s  species.  The 
East  .\frican  Myiiniithii.'i  linlslii  Hnpl.  is  re- 
lated to  Myrianthus  arboreus,  but  can  be  dis- 
tinguished by  its  yellow  to  orange-brown  in- 
dumentum. 

Growth  and  development  The  seeds  of 
Myrianthus  arborma  are  dispersed  by  animals 

such  as  monkeys  and  birds.  Natural  regenera- 
tion also  takes  place  around  the  luise  dl  trees  in 
forests  as  well  as  farmland.  During  forest 
clearing  for  farming,  MyrianUms  arimreua 
trees  are  often  protected  and  retained.  In  an 
experiment  trees  started  bearing  fruit  when 
about  5  years  old.  In  West  Africa  the  trees 
flower  from  Januan,'  to  .April  and  bear  fruits 
from  Februarj-  to  -July  whereas  in  Central 
..Africa  they  can  be  found  llowermg  throughout 
the  year  and  in  Tanzania  they  flower  from  No- 
vember to  December  and  fruits  mature  from 
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Februai;)'  to  March. 

Ecology  Myrianthua  arboretia  is  a  common 
tree  in  the  forest  area  of  West  and  Central  Af- 
rica, occurring  in  rain  forest  sciiii-clfciiluous 
forest,  swamp  forest,  also  as  a  late  pioneer  spe- 
cies in  secondary  forest  and  fallow  land,  in  wet 
or  damp  situnlions  and  on  t»tream  banks.  It 
needs  a  high  annual  rainfall.  It  grows  natu< 
rally  from  sea-level  up  to  1200  m  altitude.  In 
Nigeria  it  is  common  in  the  lowland,  below  300 
m  altitudr. 

Propagation  and  plantiiig  Germmation  of 
the  seeds  takes  about  1  month;  the  germina- 
tion l  iilf  IS  about  J0%.  but  cnn  bi-  imyHwed  by 
soakuig  the  seed  prior  to  planting.  Bud  graft- 
ing and  stem  cuttings  have  been  successfully 
used  for  propagation  in  experiments. 

Management  Myriaiilliim  arborcns  leaves 
are  uulltH:ted  from  wild  and  semi-wiid  stands. 
Protection  and  retention  of  trees  in  farms  is 

common.  It  is  nTommi-nded  ;is  ,-i  fnllow  spu  rics 
for  more  remote  fields.  Through  its  m^'corrhizal 
associations  it  has  Uie  ability  to  improve  the 
nitrogen  status  of  the  soil. 

Harvesting  Young  tender  leaves  m-e 
plucked  when  required.  A  market  survey  m 
Enugu  (south-eastern  Nigeria)  indicated  avail- 
ability durinji  Fobru.ny-nrtobor  In  Tanzania 
the  fruits  are  picked  early  in  the  dr>'  season. 

Handling  after  Itarvest  The  leaves  of  Myr- 
kuUhus  arhoreus  remain  fresb  toe  i'.-o  days; 
leafy  twigs  m-o  brought  to  the  local  market 
soon  after  harvestmg. 

Genetie  resources  The  genetic  diversity  in 
}fyn'tiiit}>iis  f/;7)f);v'i/.s  has  not  been  studied,  but 
there  are  no  mdications  that  serious  genetic 
erosion  occurs. 

Prospects  The  loaves  and  fruits  of  Myrian- 
fhii.-i  nrhnreiis  provide  fooci  especially  impor- 
tant during  the  hunger  period  before  the  har- 
vest of  other  crops.  Its  myriad  medicinal  uses 
indicate  that  more  research  into  its  chenucal 
composition  and  pharmacological  activities  is 
justified 
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Nasturtium  ofticinale  R.Br. 

Protologue  W.T.. Alton,  Hortus  kew.  1;  Hi 
(1812). 

Family  Mi  assiraepae  (Cruciferae) 

Chromosouie  number  2ii  =  32 

Synonyms  Rori/^  neuturtatm-aquatieum 
(L.)  Hayek  (1906). 

Vernacular  names  Watercress  (En)  Pres- 
son,  cresson  de  fontaine  (Fi).  ^Agnao  de  agua, 
agriSo  das  fontes  (Po). 

Origin  and  geographic  distribution  W'ater- 
cress  is  native  in  Europe  and  western  Asia,  and 
possibfy  also  in  the  highland  regions  of  Ethio- 
pia. It  has  been  introduced  in  many  African 
regions  and  is  locally  naturalized  m  mainland 
Africa,  Madagascar  and  other  Indian  Ocean 
islands,  mainly  in  mountainous  regions.  It  has 
be<'n  introduced  into  many  other  tropical  and 
temperate  regions. 

Uses  Young  dioots  with  leaves  are  used  as  a 
pungent  garnish  and  eaten  raw  in  salads.  Wa- 
tercress is  also  enten  as  a  cooked  vegetable  or 
made  into  watercress  soups.  In  Al'rica  it  is 
mainly  eaten  by  expatriate  communities.  Wa- 
tercn.'ss  has  a  long  history  as  a  mi-dicinal 
plant,  used  to  prevent  scurvy.  In  the  United 
States  and  Europe  it  is  now  a  health  food  used 
against  a  wide  range  of  ailments  such  as  itdi- 
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ins  of  the  skin,  as  antiscorbutic  stimulant  and 
as  a  laxative. 

Production  and  mtamational  trade  Water- 
cress is  InrMlly  import  nnt  in  thi'  Wi'stem  world, 
but  few  statistics  on  production  or  trade  are 
available.  Annual  production  in  the  United 
Kingdom  is  nliDUt  2500  t.  but  declining.  In  Af- 
rica it  is  cultivated  on  a  small  scale  throughout 
the  continent. 

Properties  The  nutritional  (x)m|)osili()n  of 
wntorrross  per  100  p  <  <lihlc  jHirtion  (largo  stnlks 
removed,  62%  as  purchased)  is;  water  92.5  g, 
energy  92  kJ  (22  kcal),  protein  3.0  g,  fat  1.0  g, 
carbohydrate  0.4  g,  dietary  fihri'  ]  f\  c;.  Cn  170 
mg,  Mg  15  mg.  P  52  mg,  Fe  2.2  mg,  Zn  0.7  mg, 
carotene  2620  thiamin  0.16  mg,  riboflavm 
0.06  mg,  niacin  0  3  mg.  asc-orbic  acid  62  mg  (Hol- 
land. B..  Unwm.  ID.  &  Huss  D.ll  .  1991). 
Watercress  yields  a  pungent  volatile  oil  con- 
taining glucosinolatea.  Some  of  these  oom- 
pounrls  prnduro  ant i-cnrrinogonir  compounds 
on  hydrolysis,  e.g.  phenethyl  isothiocyanate. 
which  showed  protection  against  cancers  asso* 
ciatcd  with  tobacco-specific  carcinogens.  Fla- 
vonols  and  megastigmanes  were  isolated  show- 
ing histamine  release  inhibiting  activity. 

Description  Perennial  creeping  or  floating, 
glabrous  herb  sl<<m  u\i  to  1  m  long  hollow 
juiqr,  much  branched,  with  routs  on  stem 
nodes.  Leaves  alternate,  up  to  10  cm  long, 
without  stipules,  stalked,  pinnate;  lateral  leaf- 
lets in  2-9  pairs,  sessile,  nearly  circular  to  el- 
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liptical  or  obovatc,  entire  to  slightly  toothed, 
terminal  leaflet  usually  larger.  Inflorescence  a 
terminal  raceme  c.  10  cm  long,  without  bracts. 
Flowers  l>isexual  1-merous:  sepals  c.  2  mm 
long;  petals  obovate,  c.  1  mm  long,  white;  sta- 
mens 6,  free,  with  yellow  antiiers;  ovary  supe- 
rior. 2-celled.  style  simple  I'ruit  a  broadly  lin- 
ear sdique  1-2  cm  x  2-3  mm,  with  many  seeds 
in  2  rows  in  each  cell.  Seeds  spherical,  dark 
red-brown,  reticulate.  Seedling  with  epigeal 
gorniinntion;  bypocotyl  7-8  mm  long,  epirotyl 
2-3  mm  long;  cotyledons  stalked,  circular,  2—1 
mm  long,  leafy. 

Other  botanical  information  Xtuslin  tiu  in 
comprises  5  species.  It  is  often  included  in  the 
larger  genus  Rorippa,  but  molecular  data, 
combined  with  morphological  differences,  sup- 
port the  separation  from  Rorippa  :ind  show 
that  Nusluiiiuiit  is  most  closely  related  to  Car- 
damine. 

Xa.stiirtiii III  iiiicrophyUa  Roenn.  is  closely  re- 
lated to  Nasturtium  officinale;  it  differs  in  its 
slightly  larger  flowers  and  more  slender  but 
longer  fruits  with  i  U  ni  a  single  row  per  cell. 
It  is  an  allotetiaploid  with  2ii  =  64.  It  occurs 
naturalized  m  Africa  m  similar  habitats  as 
Nasturtium  officinale,  and  is  sometimes  also 

r-iiltivateil  ii-  \v;il  i  rcres.-;. 

Growth  and  development  Soon  after 
planting  stem  cuttings  develop  roots  on  the 
nodes.  The  strongly  branching  plants  may  de- 
velop a  thick  mass  of  vegetation  In  equatorial 
areas  watercress  seldom  flowers.  L'nder  long- 
day  conditions  of  over  13  hours,  watercress 
flowers  ]Mni\is(  ly  when  the  flow  of  water  be- 
comes stagnant  and  especially  when  the  water 
level  becomes  shallow  and  the  land  starts  dry- 
ing. Il  is  .self  compatible.  Watercress  can  be 
hancsterl  for  several  years,  but  diseases  and 
weeds  may  necessitate  new  planting. 

Ecology  Watercress  occurs  naturally  along 
running  water  and  grows  floating  in  shallow 
water.  Shallow  ponds  can  rapidly  become  cov- 
ered and  the  species  is  sometimes  considered 
an  inoffensive  weed.  It  is  easy  to  establish  a 
watercress  crop  wherever  conditions  are  cool 
and  wet.  It  grows  in  East  Africa  at  elevations 
above  600  m.  It  requires  running  water  for 
vigorous  growth  and  high  yield  of  tender  and 
sweet  shoots.  Wlien  there  is  no  longer  running 
water,  plants  become  bitter  and  are  no  longer 
suitable  for  omsumpt  ion  At  higher  latitudes  in 
the  summer  abundant  flowering  will  impede 
the  harvest.  Watercress  likes  sandy  or  gravelly 
soils  and  is  rather  common  in  limestone  areas, 
preferring  neutral  to  slightly  alkaline  water 
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with  pH  6.5-7.5.  The  water  should  be  rich  in 
minerals  and  contain  1-1  ppm  of  nitrate.  The 
water  tempeiitture  should  not  exceed  26'C.  It 
can  withstand  liKhl  frnst  (-2T),  Watercress 
tolerates  polluted  soil  and  water,  contaminated 
by  heavy  metals,  but  these  can  be  found  as 
residues  in  the  harvested  product  The  reduced 
water  current  velocities  due  to  watercress  ap- 
pear to  be  important  for  the  distribution  of 
small  invertebrates,  creating  a  variety  of  living 
conditions  in  the  water  column  Watercress  can 
host  river  flukes  (Fasciola  hepcUica)  and  bil- 
harzia  parasites  {Sehiaiotoma  haenuitobium, 
Schistosoma  iufercalaluiti):  its  cultivation  in 
uncontrolled  water  is  therefore  not  recom- 
mended. A  watercress  habitat  provides  cover 
and  abundant  food  supply  for  fish. 

Propagation  and  planting  Watercress  is 
usually  reproduced  from  stem  cuttings.  Repro- 
duction by  seed  is  sometimes  practised  in  tem- 
pcratc  nrcas.  Cuttings  10-2(1  cm  long  are 
planted  in  mud  beds  at  a  spacing  of  20  cm  x  20 
cm  with  frequent  irrigation  or  continuous  run- 
ning  water.  They  root  easily  in  niuist  sand. 

Management  Once  the  crop  has  been  estab- 
lished, only  limited  attention  is  given  apart 
from  occasional  weeding.  Most  important  is  the 

cimtrol  of  water  flow  ensuring  that  the  water 
current  dues  nut  become  too  strong.  When  the 
water  source  dries  up  during  the  dry  season,  it 
is  important  to  irrigate  sufficiently  to  keep  the 
crop  alive  allowing  an  adequate  supply  of 
planting  material  for  the  ne.vt  season.  Farmers 
in  Arudia  (Tanzania)  divert  local  streams  to 
flood  small  jiliits  nf  land  covered  with  waff  i- 
cress.  Watercress  requires  plenty  of  phosphate 
and  nitrate  and  these  should  be  applied  if  the 
nutrient  content  of  the  plant  bed  is  low. 

Diseases  and  pests  Diseases  are  rarely  a 
problem  in  watercress.  In  Asia  the  crop  may  be 
affected  by  a  vims  which  spreads  when  using 
cuttings  only.  To  overcome  this  problem  seed- 
lings should  be  planted  rather  than  using  cut- 
tings. The  seed  should  be  collected  from  vigor- 
ous plants  that  are  free  from  diseases.  In  the 
Caribbean  region  Corcnspora  iiasturtii  is  re- 
corded as  the  main  disease,  .\ster  yellows 
transmitted  by  leaflioppers  can  be  a  problem, 
e.g.  in  Hawaii.  Flea  beetles  aphids  and  cater- 
pillars could  affect  the  crop  but  with  an  ade- 
quate  flow  of  wat«r  they  are  usually  not  a  prub- 
lem,  eqpecially  it  farmers  can  submerge  the 
crop  as  a  contrnl  measure, 

Harvesting  Watercress  can  be  harvested  6— 
8  weeks  after  planting  and  subsequent  har- 
vests can  be  made  every  3  weeks  for  more  than 


a  year. 

Yield  Farmers  may  collect  up  to  2  kg/m- 
i'lom  the  first  harvest  and  up  to  1  kg/m-  from 
subs('<iiient  harvests,  but  the  yield  will  decline 
rapidly  as  the  ci-op  senesces,  the  flow  of  water 
reduces  or  nutrient  contents  diminish.  An  an- 
iMi.i!  \  n  il!  of  up  to  BO  t/lia  is  easily  possible. 

Handling  after  harvest  Harvested  shoots 
are  tied  in  bunches  and  yellow  leaves  are  re- 
moved before  (lisi)atch  to  the  market.  Water- 
cress is  perishable  and  can  only  bo  stored  at 
low  temperatures  and  close  to  100%  relative 
humidity. 

Genetic  resources  \<i  germplasm  collec- 
tions axe  known  in  Africa,  but  the  diversity  in 
naturalized  populations  is  significant. 

Breeding  Little  breeding  woric  on  watercress 
has  been  done,  although  some  seed  catalogues 
list  watercress.  In  Africa  people  virtually  always 
use  cuttings  rather  than  seeds  and  no  plant 

breeding  activilie?  take  place  at  present. 

Prospects  The  demand  for  watercress  in 
Africa  is  becoming  lower  as  the  population  of 
European  origin  declines.  Local  demand  is 
likely  to  l>e  satisfied  by  collection  from  wild  and 
naturalized  and  Rorippa  species. 
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Grfgg,  W.W.  &  Rose,  F.L..  1985;  Holland,  B., 
Unwin  I,r),  &  Buss,  D.H,  i;t91:  Kaskey  -I  B. 
&  Tmdall,  D.R.,  1980;  McHugh,  J.J.,  Fukuda, 
S.K.  &  Takeda,  K.T.,  1987;  Bobyns,  W.  &  Bou- 
tique R.  1951;  Rose,  P.,  Faulkner  K'  Wil- 
liamson, G.  &  Mithen,  R.,  2000;  Sheridan, 
G.E.C.,  Claxton,  J.R.,  Clarkson,  J.M.  & 
Blakesley,  D.,  2001:  Singh.  A.V„  Dong  Xiao. 
Lew.  K.L,.  Dhir.  R.  &  Singh,  S,\'  200 1: 
Spenc'e,  R.M.M.,  Tucnol,  O.G.,  Baker  E.A.  Ik 
Holoway.  P.J.,  1983;  Tindall,  H.D.,  1968;  Wong, 
M.H.,  1985 

Sources  of  illustration  Rahmansyah,  M., 
1993b. 
Authors  R.R.  Schippers 
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NlDORELLA  MICROCEPHALA  Steetz 

Protologue  I'eters,  Naturw.  Reise  Mossam- 
bique  Vol.  6.  Hotfinik  2  308   m  (1864). 
Family  Asteraceae  (Compositae) 
Synonyms  Nidordla  reaedifolia  DC.  subsp. 

}ui'.'i<n',-j,h<ihi  (Stcct/)  Wild  (  I'Mn'ii 

Origiu  and  geographic  distribution  Ni- 
dorella  mieroagi>hahi  is  found  in  Tanzania, 
Mal.-iwi,  Zambia,  Zimbabwe,  Mozambique  and 

South  Afrirn. 

Uses  In  Malawi  the  leaves  are  locallj'  eaten 
as  a  vegetable.  Availability  extends  well  into 
thv  tin  ■^t';isim 

Botany  Erect,  annual  herb  up  to  150  cm 
tall;  stem  soUtaiy,  rarely  brandied  from  the 
base.  Leaves  alternate,  simple,  sessile;  blade 
oliovMtc  or  spHkihiti'  2-11  cm  x  cm, 
gradually  narrowed  and  auriculate  at  base, 
apex  rounded,  sometimes  mucronate,  margins 
frcnntt'-dontato  in  widor  part  of  IjI.uIo.  Tnflo- 
resceni  (•  ;i  head  1,5-2  mm  long,  arranged  in  a 
lax  lenfy  ror\inb  consisting  of  subglobose  cymes 
of  many  heads.  Flowers  bright  yellow,  ray 
flowers  3"i-ir).  disk  llowors  4-9.  Fruit  an  ellip- 
soid, slightly  flattened  achene  c.  0.5  mm  lung; 
pappus  up  to  1  mm  long. 

\'ir!nrrll(i  romjiriscs  nlioul  1  siM'cios  and  is 
restricted  to  eastern  and  southern  Africa.  Some 
species  have  medicinal  uses.  Nidorella  resedifo- 
lia  DC.  is  vorj"  similar  to  Nidorella  inicm- 
rrphaln.  hut  hris  Inrpcr  honds  and  flowors  ,ind 
IS  found  at  higher  altitudes.  Mtonia  glaiululif- 
era  Beentje  superficially  resembles  Nidorella 
microcepliala  and  occurs  in  similar  h;il>itats: 
the  lack  of  pappus  and  the  larger  number  of 
disk  flowers  distinguish  it. 
Ecology  NidonUa  microrephala  is  found  in 

riverine  h;il)itals  on  sand  or  rlay,  as  wril  ns  in 
roadside  ditches  and  as  a  weed  in  gardens,  at 
300-1800  m  altitude. 

Genetic  resources  and  breeding  As  Xi- 
dorella  microcepliala  is  widespread,  obviously 
not  uncommon  and  not  mudi  sought  after,  no 
threat  of  genetic  erosion  is  oivisaged. 

Prospects  Little  is  known  about  Xidurvlla 
microcepliala  and  its  use  as  a  vegetable  will 
probably  remain  unimportant. 

Major  references  Beentje,  H.J.,  2002;  Wil- 
hamson,  J.,  1955. 

Other  references  Beentje,  H.J.,  1999;  Wild, 
H  . 

Authors  C.U.  Bosch 


OPHIOGLOSSUM  RETICULATUM  L. 

Protologue  Sp.  pi.  2: 1063  (1763). 

Family  Ophinijlossac'eae 

Chromosome  number  n  =  210,  360,  180, 
510,  435-S70,  630 

Synonyms  Ophini^'!i,ssniii  vulgatum  L.  var. 
retieulatuiH  (L.)  Luerss.  (1875). 

Vernacular  names  Adder's  tongue  fern 
(En).  Langue  de  serpent,  ophioglosse  (Fr).  Lin- 
jrun  do  c'dlir.i  (f'oK 

Origin  and  geographic  distribution 
(^kiogloamm  retieulatum  is  a  pantropical 
sticiifs  that  is  widespread  in  tropical  Africa: 
from  Sierra  Leone  east  to  Ethiopia,  and  south 
to  South  Afiica.  It  also  occurs  in  Madagascar 
and  other  Indian  Ocean  islands. 

Uses  The  li^aves  of  Ophioiflossuin  rotieitla- 
luin  are  eaten  as  a  salad  or  cooked  vegetable  in 
Zanzibar  (Tanzania).  In  Indonesia  it  is  locally 

an  approriaiod  voprtablo,  collortod  sedulously 
wherever  it  is  common.  The  leaves  should  be 
blanched  <mly;  if  boiled  too  much  they  turn  into 
slime.  In  Madagascar  the  related  OphiogloS' 
sum  ovafiim  Bory  is  eaten  boiled,  and  is  eepe- 
cially  sought  by  the  Antandroy  tribe. 
A  warm  decoction  of  the  rhizome  of  Ophioglos- 

siim  rclinilatu III  is  used  topically  in  Lesotho  on 
boils.  In  Tanzania,  the  leaf  juice  is  drunk 
against  spasms  of  the  heart.  A  report  from  Ni- 
geria mentions  two  useful  Ophio^osmm  spe- 
cios  rallod  Ophiofyhis.tum  grajifie  and 
(Jphioglossum  vulgatum,  but  these  species  do 
not  occur  in  West  AMca.  The  first  one  possibly 
refers  to  OpIn'offlDs.itini  n>ticulalii>ii  and  it  is 
stated  that  the  young  fronds  are  used  as  fodder 
for  livestock  (goats),  and  that  the  retted  leaves 
are  used  as  garden  manure.  Extracts  of  the 
rhizomes  ai'o  used  as  antidote  for  snakobitc^s. 
The  second  one  possibly  concerns  the  other 
most  firequent  ^hio^o$$ttm  in  the  area, 

Opliiofflo.^isu  III  rnstafiini  R.Br.  .\  doroction  of 
the  rhizomes  of  these  plants  is  taken  internally 
to  treat  lung  and  heart  diseases.  The  dried  and 
pulverized  rhizome  is  applied  externally  to 

sores,  wounds  and  burns. 

In  the  fhiUppines  Uphioglussum  reticulcUuin  is 
used  as  an  anti-inflammatory  medicine;  leaves 

111  ill  1  it'  .  i1  .MT-  .apiiliod  to  woimds. 

Properties  Young  leaves  of  Ophiogloasum 
taste  sweet.  The  presence  of  alkaloids,  arbutin, 
amygdalin,  saponin,  formic  add  and  oxalic  acid 
has  hf^cMi  shown. 

Botany  Small  erect  fem  5—30  cm  tall,  with 
1—2  leaves  on  a  1—2  cm  long  and  about  2  mm 
thick  ihizome  with  few  fleshy  roots.  Leaves 
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Ophioifioasum  retieu^atum  -  1,  plant  habU;  2, 
plants  connected  by  stolons;  3,  fertile  pari  of 
leaf. 

Source:  PROSEA 

with  up  to  lo  nn  lone  pptiolc  lilnde  rordato, 
rarely  broadly  elliptical  or  ovate,  3-7  cm  x  3-8 
cm,  apex  rounded  with  or  without  a  small 
miUT'i  ciifiii'  with  prominent  anastotnusintj 
venation  m  a  polygonal  pattern.  Fertile  part  of 
leaf  q>ikelike,  up  to  26  cm  long,  arising  from 
the  base  of  the  blade,  bearing  up  to  46  pairs  of 
HporanRia  in  tho  uppor  quartor  or  loss  aprx 
acute;  sporangia  opening  by  a  transverse  slit. 
Spores  subglobose,  bladcish,  surface  finely  re- 
tifulato  of  two  typps,  ono  alotr  with  n  Hi.nmrtor 
of  42-50  ^m,  the  other  trilete  and  25-38  in 
diameter. 

Ophioglosaum  reticulatum  is  qLutt  uniform  in 
Africa  and  can  bo  sMtisfMctoriK  liiai actcrized 
by  the  clearly  cordate  base  of  the  blade  in  com- 
bination with  the  absence  of  a  tuber.  World- 
widt^  mnny  vnriot ic-^  and  sii])<[)orios  have  born 
described,  causing  much  confusion,  it  seems 
beet  to  regard  them  as  me  variable  pantropical 
species, 

The  plants  are  only  prpsont  nlntve  pround  in 
the  rainy  season.  They  can  form  .stolons  and 
form  rather  extensive  colonies. 
Ecology  (^hioglosmm  retiatlabim  grows  in 


moi.st  sandy  soils,  seasonally  wet  soils,  along 
roads,  on  termite  hills,  in  montane  grassland 
am<mg  rocks  and  forest  margins,  from  sea^level 
up  to  2500  m  altitude. 

Management  The  plants  are  collected  from 
the  wild  and  traded  locally.  Commercial  culti- 
vation of  Ophioiflossuin  rt'liiuhitiiin  is  not 
practised,  but  for  medicinal  use  it  is  often 
grown  in  pots.  It  can  be  propagated  from  spores 
and  by  rhizome  cuttings.  \Mien  grown  from 
spores,  plants  ran  bo  harvested  for  \  hfir  leaves 
after  1-2  years.  When  grown  from  rhizomes 
collected  from  the  wild,  harvesting  may  start 
after  about  6  months.  In  agriculture  it  can  be- 
come a  weed,  but  does  bttle  harm  because  of  its 
onallsiae. 

Genetic  resources  and  breeding  Ophio- 
glosaum n'tieiilaluin  is  found  all  over  the  trop- 
ics and  is  in  no  danger  of  genetic  erosion.  More 
research  on  the  lars^  variability  seems  appro- 
priate. 

Prospects  Ophioglossum  i-eliculatum  has 
nutriti<nial,  medicinal  and  ornamental  value, 

but  it  does  not  seem  to  be  widely'  used  in  Af- 
rica. Because  of  (he  dose  resembhtnee  of 
Ophioglosaum  species  and  their  variability,  it 
may  very  well  be  that  other  species  are  also 

consumed  or  used  in  similar  w.ays.  It  seems 
worthwhile  investigatmg  the  possibUities  of 
cultivation  and  breeding. 

Major  references  Burkill.  H.M.,  2000;  De- 
caiy,  R.  lit  If.  Unerdi  F,.  1964;  Nwosu,  M.O., 
2002;  Williams,  K.U.,  ID  19. 

Otiier  references  Alstcm,  A.H.G.,  1959; 
•Amoroso.  V.B.  &  Ong.  II.C.  200. T:  Burmws, 
J.E.  &  Johns,  R.J.,  2001;  lihandelwal,  S.,  1990; 
Scheipe,  E.A.C.T^.E.,  1970dr  Tardieu-Blot,  M.L., 
li)f;4d. 

Sources  of  illustration  Amoroso,  V.B.  & 
Ong,  H.C.,  2003. 
AvthoiB  W,  J.  van  der  Burg 

Rased  nn  PROSEA  15(2):  Cryptogams:  Ferns 

and  fern  allies. 


OUTtlAM  UERA  JASMINIFLORA  (Decne.) 
Schinz 

Protologue  Veiiiandl.  Bot.  Ver.  Brandenb. 

30:  265  (1888). 
Family  Asdepiadaoeae  (APG:  Apocynaoeae) 
Synonyms  Bairoivia  jasminiPora  Decne. 
(18  ff)  Orthanlhcra  brniniinva  Schinz  (1888), 

Origin  and  geographic  distribution  Oilhcui- 
thera  jasmiiiiflora  occurs  in  DR  Congo,  Zam- 
bia, Angola,  Namibia,  Botswana  and  Zim- 
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bobwc. 

Uses  In  northern  Botswana,  the  paired 
young  fruits  of  Orthanthera  jasmuuftora  are 
eaten  fresh  or  cooked  as  a  vegetable, 

Botany  Climbing  herb  up  to  5  m  long  with  a 
woody,  stout  riiizome;  stem  procumbent, 
branching,  scabrous  to  pubosci'iit ,  Li  aves  op- 
posite, simple;  petiole  2-10  mm  long;  blade 
linear,  ovate  or  elliptical.  1.5-7  cm  x  0.6-2.6 
cm,  base  roundeii  irun<.iie  or  cordate,  apex 

nrufr,  mnrpin  entiic  hut  often  wavy  or  crisped, 
rather  thick  and  rigid,  scabi-ous-pubescent. 
Infloresoence  an  umbel,  2-13-flowered;  pedun- 
de  up  to  4  cm  long.  Flowers  bisexual,  regular, 
5-merou8;  pedicel  0.5—1.6  cm  long;  calyx  di- 
vided with  lanceolate  lobes,  up  to  6  mm  x  2 
mm;  mnill  i  tubular  cream-coloured,  strongly 
scented  [>ulu'scent.  tube  up  to  2  rin  lent;  glo- 
bose-pentagonal at  base,  cylindrical  above, 
lobes  linear-lanceolate,  up  to  12  mm  x  2  mm, 
spreading;  corona  lobes  1  mtn  lonp;  stamens 
with  connivent,  linear  anthers  1-2  mm  long, 
apiculate;  ovaiy  superior,  style  shorter  than 
anthers.  Fruit  a  pair  of  follicles,  each  one  fusi- 
form, up  to  10  cm  X  12  mm,  tapering  into  a 
long  beak. 

In  Africa  the  genus  Orthanthera  comprises  6 

species,  but  it  is  iKnIly  l<no\vn. 

Ecology  Orlhanlhem  jasiniiiijlova  grows  in 
dry  savanna. 

Genetic  resources  and  breeding  It  is  un- 
known whether  Orthontlipra  jatminiflora  is  in 
danger  of  genetic  erosion. 

Prospects  The  nutritioiuil  vahie  of  the 
fruits  should  he  investigated  before  any  pros- 
pect can  be  given. 

Major  refereneea  van  Wyk,  B.-E.,  van 
Oudtsiioern,  B.  &  Geridce,  N.,  1997. 

Other  references  Brown,  N.E..  1902-1904. 

Authors  I'.C.iVl.  Jansen 


OXYGONUM  ..VLATUM  Burch. 

Protologue  Trav.  S.  Africa  1:  548  (1822). 

Fam  11  y  Pi >!y y < m aceae 

Synouyuis  U.\\guiiuiii  ut-elotella  Welw. 
(1869). 

Vernacular  names  Salt  of  the  tortoise  (En). 

Origin  and  geographic  distributiou  Oxy- 
gonum  alatinn  occurs  in  southern  Africa,  from 
Angola  and  Zambia  south  to  South  .Africa. 

Uses  In  the  Kalahari  Desert  the  whole 
young  plant  or  the  leaves  are  eaten  raw,  not 
only  for  the  refreshing  add  taste,  but  also  for 
the  moisture  it  contains. 


Botany  Annual  herb,  much  branched  from 
the  crown  of  the  root  with  erect,  finely  pubes- 
cent steins  up  to  30  cm  tall;  stem,  ocrea  and 
petiole  often  covered  with  cup-like  s<'ales. 
Leaves  alternate,  simple;  ocrea  funnel-shaped, 
greenish-white,  membranous;  petiole  short; 
blade  lanceolate  to  rhomboid,  2.5-.'^>,-'  cm  loiiii, 
base  gradually  narrowed,  apex  acute,  margm 
entire  to  pinnatisect.  Inflorescence  a  lax  ra- 
ceme 10-20  cm  long.  Flowers  polygamous  (bi- 
sexual or  unisexual)  in  clusters  of  2—''\;  peri- 
anth tubular,  5-lobed,  lobes  pinkish  or  white,  1 
mm  long;  stamens  8;  ovary  induded  in  the 
perianth  tube,  styles  3,  filiform,  connate  at 
base,  stigma  capitate.  Fruit  an  indehiscent, 
usually  trigonous  (sometimes  rounded),  ovoid 
nut,  8  mm  long,  endosed  by  the  perianth  tube, 
with  wings  up  to  6  mm  broad,  l)uf  sometimes 
the  wings  are  absent;  the  faces  of  the  fruit  of- 
ten have  a  small  spreading  prickle  at  about 
one-third  distance  from  the  base.  Seed  similar 
in  shajic  to  the  nut. 

Oxy,£iniium  comprises  about  30  spedes  and  is 
confined  to  tropical  Africa,  South  Africa  and 
Madagascar. 

Elcology  Oxygonuin  alaluiii  appears  in  the 
rainy  season  as  an  annual  on  deep  sands. 

Management  Oxynniin in  (ilntuin  is  not  cul- 
tivated; it  is  only  collected  from  the  w  ild. 

Genetio  resoiuroes  and  breeding  Oxygo- 
num  alattim  is  rather  widespread  and  does  not 
seem  in  danperof  tjenetic  erosion 

Prospects  Oxygonuin  alutum  will  remain 
locally  a  useful  vegetable,  particularly  in  dry 
areas  with  ii'>nr  samly  soils 

Major  references  Baker,  J.G.  &  Wright, 
C.H.,  1909-1913:  Graham,  R.A.,  1957;  van 
Wyk,  R.E.  &  r.enck.'.  M.,  2000. 

Authors  P.C.M.  J  an  sen 


Oktgonum  atrifucifolium  (Meisn.)  Mar- 
telli 

Protologue  Fl.  bogos.:  69  (1886). 

FamiU'  PoK  gonaceae 

Syuouyms  Ceraiogonum  atriplicifoliuni 
Meisn.  (1832),  Oxygonum  aomaleitae  Chiov. 

(191^),  Oxy^oiiiim  fiQopyrojflfs  Pet er  ( 1 9:'.2). 

Origin  and  geographic  distribution  Oxy- 
gonum  alriplicifolium  occurs  in  eastern  Africa 
from  Egypt  and  EJthiopia  to  Mozambique,  and 
in  Madagnscnr. 

Uses  in  Malawi  the  leaves  of  Oxyffmum 
atripUeifaliunt  are  cooked  with  potashes,  re- 
sulting in  a  slimy  vegetable.  In  eastern  Africa 
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macerated  leaves  arc  used  as  a  dressing  for 
abscesses  and  wounds  and  leaf  juice  is  swal- 
lowed as  a  cure  for  cough. 

Botany  Slender,  much  hninchcd.  stiiiy^'lint,' 
and  trailing  herb  with  weak  stems  up  to  over  1 
m  long.  Leaves  alternate,  simple;  ocrea  t^lin- 
drical,  1  cm  lontj  |iale  brown,  membranous, 
bearing  a  terminal  frmge  of  long  hairs;  petiole 
1-1.6  cm  long;  blade  deltoid  to  lanceolate, 
cm  X  1.5-2  cm,  base  truncate  to  cuneate,  apex 

ver>'  ncute  and  5Jomofimes  aristnto  mnrpin 
entire  or  slightly  uneven  but  not  deeply  lobed. 
Inflorescence  a  spike-like,  slender  raceme  up  to 
30  cm  long.  F1ow<ts  hiscxuj)]  or  male,  white  i>r 
greenish,  strongly  heterostyloua;  pedicel  Mi- 
form,  longest  in  bisexual  flowers;  bisexual 
flowers  with  6  linear  to  ovate  tepals  1.5  mm 
long,  inner  3  ones  petaloid.  styles  3.  2  mm  long 
and  connate  m  lower  part;  mule  flowers  with  5 
narrowly  oblong  tepals.  Fruit  a  fusiform  nut  6- 

7  mm  long,  pendulous  plabrdus  or  puho.^rcnt, 
bearing  3  spreading  prickles  1  mm  long  at  the 
centre  or  slightly  below. 

(h^gomim  comprises  about  30  species  and  is 
confined  to  tropical  Africa,  South  AMca  and 
Madagascar. 
Ecology  Oxygonum  airipUeifblmm  grows 

under  hcdtjes,  in  c-uh i\  ;iloil  ,ind  waste  places, 
from  aea-level  up  to  2UUU  m  altitude. 

Maaagemeat  Oxygonum  atriplicifoUum  is 
collected  from  the  wild  and  is  not  cultivated. 

Genetic  resources  and  breeding  Oxy- 
goHUin  atripUcifolium  is  widespread  and  not  in 
danger  of  genetic  erosion. 

Prospects  f)xv^(iiiinn  atvipJicifiiliuiti  will 
remain  a  mmor  vegetable  and  medicinal  plant, 
only  locally  of  some  importance. 

Major  references  (  Iraham,  R  .A.  1967; 
(Irah.im,  R.A.,  19.58;  Watt,  J.M.  &  Breyer- 
Brandwijk,  M.G.,  1962;  Williamson,  d.,  1955. 

Other  references  Hedberg,  O.,  2000; 
Jnnsen  P  PM,  1981;  Kokwaio,  J.O.,  1993; 
ThuUn,  M.,  1993b. 

Authors  P.C.M.  Jansen 


Ow  tiONUM  SALlcu  oLlUM  Danuuer 

Protologue  Engl.,  Pflonzenw.  Ost-Afrikas, 

C:  171  (1895). 
Family  Polygonaoeae 
Vernacular  names  Bamba,  kindiri  (Sw) 
Origin  and  geographic  distribution  Oxy- 
gonum aalicifolium  is  only  found  in  Kenya  and 
Tanzania. 

Uses  In  the  coastal  area  of  Kenya  the  leaves 


of  Oxygonum  salicifolium  arc  used  as  a  cooked 
vegetable,  often  mixed  with  Awamnthtis  or 
other  vegetable  species  to  improve  the  taste. 

Botany  Creepint;  heili  with  ascending  or 
prostrate  woodj'  branches  bearing  pubescent 
shoots  up  to  35  cm  long.  Leaves  alternate,  sim- 
ple, sessile:  ocrea  cylindrical,  up  to  1  cm  long, 
bearing  at  apex  red  hairs  up  to  9  mm  long; 
blade  linear-lanceolate,  3-7  cm  x  2-10  mm, 
base  narrowed,  apex  acute  and  often  mucro- 
nate,  mnrpin  not  or  sliijhfly  sinuous  miib-ili 
promment  below,  inflorescence  a  spike-like 
raceme,  slender,  12-20  cm  long.  Flowers  bisex- 
ual ;iii(l  male:  bisexual  flowers  fu1>ul;u'  \\ith 
perianth  tube  accrescent  around  ovaiy  and  with 
perianal  lobes  withering;  male  flowers  with  a 
veiy  short  perianth  tube  and  4-5  petaloid  tepals 
4-f)  mm  ImiiT  st.:uneiis  8  in  2  series.  5  outer  ad- 
nate  to  the  tepals  near  their  bases,  3  inner  with 
a  flattened  basis  forming  a  ring  around  the  base 
of  the  .^fyle,  filaments  4  mm  long:  styles  3,  free 
or  adnate  at  base,  stigmas  capitate.  Fruit  a  pu- 
bescent nut  c.  1  cm  long,  bearing  subcentrally  3 
priddes  each  3-4  mm  long. 

(>x\'!^<>nitin  comprises  about  30  species  and  is 
confined  to  tropical  Al'rica,  South  Ai'rica  and 
Madagascar. 

Ecology  Oxyffoiiiiiii  .sdlirifnliii m  prows  in 
grassland  and  disturbed  ground,  from  sea-level 
up  to  1600  m  altitude. 

Management  0.v\i;r///r/»i  salirifnliiini  is  only 
'  mIIim  led  from  the  wild  and  is  not  cultivated. 

Genetic  resources  and  breeding  Al- 
though Oxygonum  aaUcifoUum  is  not  wide- 
spread it  is  eiimmon  in  disturbed  habitats  and 
not  m  danger  of  genetic  erosion. 

Prospects  Oxygonum  $aUeifctmm  will  only 
remain  of  minor  and  local  importance  as  a 
vegetable. 

Major  references  Graham,  R.A.,  1957; 
Maundu,  P.M.,  Ngugi,  G.W.  &  Kabuye.  C.H.S., 

1999 

Other  references  Graham,  R.A.,  1968. 
Authors  P.C.M.  Jansen 

Oxygonum  siNUATUM  (Meisn.)  Damau-r 

Protologue  Ei^L,  Pflanzenw,  Ost-Afrikas, 

C:  170  (1895). 
Family  Polygonaoeae 
Chromosome  numbw  2n  =  '2 

Synonyms  Ceratogonum  conlofaiium  Meisn. 
(1856),  CemiogoHum  simialum  Meisn.  (1856), 
Ch^ganum  atripUeifiiUiim  (Meisn.)  MarteUi 
var.  dfiuatum  (Meisn.)  Baker  (1909). 
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Vernacular  names  Kindri.  bamba  (Sw). 

Origin  and  geographic  distribution  Oxy- 
gaaum  nnuatum  is  widely  distributed  in  east- 
ern and  southern  Afrifii  fiotn  Sudan  south- 
wards to  Angola  and  South  Ai'nca. 

Uses  In  Elthiopia,  Uganda  and  Kenya  the 
leaves  of  Oxygonuiti  simtatiini  are  eaten  raw  or 
boiled  as  a  vegetable.  In  Uganda  the  popularity 
of  Oxyganum  sinuatum  as  a  leafy  vegetable 
difiGen  per  region;  it  is  considered  a  famine  food 
in  some  ropinns  nnd  ;i  fnvourito  dish  in  others. 
Medicmally  the  leaves  are  applied  to  boils,  and 
stems  are  diewed  to  treat  tonsillitis.  The  leaf 
juice  is  used  for  treating  fungal  infections  of 
legs  and  feet  and  to  treat  eye  iniections. 

Properties  Hie  raw  leaves  of  Oj^gonum, 
ainuatum  have  an  acid  taste;  in  powdered  form 
the  taste  is  mild 

Botany  Spreading,  decumbent  or  erect  an- 
nual heib  with  green  to  red-brown,  glabrous  to 
jtiibi'sccnt  sicms,  iiji  lo  1  m  tnll.  Lonves  alter- 
nate, simple;  ocrea  ryUndricai,  up  to  8  mm 
long,  reddish,  usually  fringed  with  long  hairs 
at  apex;  petiole  0.5-3  cm  long;  blade  ovate  to 
elliptical  in  outline,  4-8  cm  x  1_3  cm  usually 
slightly  lu  deeply  incised  with  rounded  or  acute 
lobes.  Inflorescence  a  ^ike-like  raceme  up  to 
4.'i  cm  long.  Flowers  bisexual  and  m.ilc  \\  hit(' 
or  pmk,  sUghtly  heterusiylous;  pedicel  stumpy 
in  bisexual  flowers,  filiform  in  male  flowers; 
perianth  tube  1—1.5  mm  long,  tepals  ovate- 
elliptu  al  up  to  '.\  mm  long.  Fruif  n  fusiform  nut 
5-6.5  mm  long,  bearing  subcentrally  3  spread- 
ing prickles  up  to  2  mm  long. 
Oxygojium  comprises  about  .30  species  nnd  is 
confined  to  tropical  Africa,  South  Africa  and 
Madagascar. 

Ecology  Oxys^oiui III  .11 II II III II III  IS  ,1  common 
weed  in  fields  and  on  waste  ground  from  sea- 
level  up  to  2100  m  altitude.  In  Uganda  it  oc- 
curs on  well-drained  loamy  soils  in  areas  with 
an  annual  rainfall  of  lOOO-lGOO  mm. 

Management  Oxygoimm  ainuatum  is 
mostly  collected  from  the  wild,  but  in  Uganda 
it  is  protected  in  home  gardens,  Dried  jmd 
powdered  leaves  and  shoots  are  stored  lor  fu- 
ture use. 

Oenetle  resonroes  and  breeding  Qag^ 
finmim  siiiiiatum  is  widespread  and  not  in 
danger  of  genetic  erosion. 

Prospects  Locally  Oxyganum  sinuatum  will 

remain  a  usefiil  vegetable  and  medicinal  plant. 

Major  references  (Iraham.  R.A.,  lO.oT;  (  Ira- 
ham,  K.A.,  1958;  Katende.  A.B.,  Ssegawa,  P.  & 
Bimie,  A,  1999;  Maundu,  P.M.,  Ngugi.  G.W.  & 
Kabuye,  C.H.S.,  1999;  Westphal,  E..  1976. 


Other  references  Baker,  J. (I,  &  Wright, 
C,H.,  1909-191.3:  Hedberg,  O.,  2000;  RobjTis. 
W  i;tl8b. 

Authors  P.C.M.  Jansoti 


PASTINACA  SATIVA  L. 

Protologne  Sp.  pi.  1:  262  (1753). 

Family  Apiaceae  (Umbelliferae) 

Chromosome  number  2ii  =  22 

Vernacular  names  Parsnip  (En).  Panais 
(Ft).  Pastinaga  (Po). 

Origin  and  geographic  distribution  Parsnip 
is  native  to  Europe  and  temperate  Asia.  It  is 
cultivated  mainly  in  temperate  regions  world- 
wide and  only  occasionallj-  in  cooler  parts  of 
the  tri>]iies  mcluding  East  and  southiTii  Africa. 
It  is  mainly  grown  in  home  gardens  and  lur 
specialty  maricets.  It  was  already  a  popular 

crop  during  Roman  times  and  one  can  still  find 
a  wide  diversity  in  Moroccan  and  Algerian 
markets. 

Uses  The  fleshy,  aromatic  ,in<l  slightly  muci- 
laginous root  IS  eaten  as  a  cooked  or  fried  vege- 
table. It  IS  also  used  in  soups  and  to  add  fla- 
vour to  stews.  It  is  especially  popular  in  the 

I'niled  Kingdom.  The  seed,  which  tastes  simi- 
lar to  dill,  is  occasionally  used  as  a  condiment. 
The  leaves  have  diuretic  properties.  A  poultice 
from  the  roots  has  been  applied  to  sores  and 
inflammations  and  to  treat  skin  diseases. 

Properties  The  nutritional  composition  of 
parsnip  root  per  100  g  edible  portion  is:  water 
79.5  g,  energ\  .3]  10  k-I  (T.'O  kcal).  protein  1,2  g, 
fat  0.3  g,  carbohydrate  18,0  g,  fibre  4.9  g,  Ca 
362  mg,  P  71  mg,  Fe  0.6  mg,  Mg  29  mg,  Zn  0.6 
mg,  vitamin  A  absent,  thiamin  0.09  mg  ribo- 
flavin  O  Ort  mg  niacin  0.70  mg  folate  67  pg, 
ascorbic  acid  17.0  mg  (L  SDA,  2002). 
All  parts  of  parsnip  contain  essential  oil.  The 
essential  oil  from  til©  fully-grown  root  is  rich  in 
m^'hstidn  and  terpinolene  and  contains  small 
amounts  of  (E)-P-famesene,  P-bisabolene,  P- 
sesquiphdlandraie  and  y-palmitolactone.  Fu- 
ranocoumarins  are  present  in  the  plant;  these 
compounds  may  cause  contact  dermatitis. 
Parsnip  contains  minute  amounts  of  the  ster- 
oid 5a-androst-U)-en-.3-one  or  boar-pheromone 
which  contributes  to  its  characteristic  fra- 
grance. 

Botany  Glabrous  to  slightly  hairy  biennial 
herb  up  to  1.50  em  tnll,  with  fusiform,  fleshy 
white  taproot;  stem  erect,  hollow,  grooved. 
Leaves  alternate,  pinnate,  without  stipules; 
petiole  sheathed  at  base;  leaflets  sessile,  ovate- 
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oblong,  often  with  some  lobes  at  base,  2-13  cm 
X  1-5  cm,  toothed.  Inflorescence  a  terminal, 
compound  umbel  with  unequal  rays;  involucral 
bracts  0-2  (Icciduuus.  Flowers  bisexual.  Imt 
male  flowers  present  in  addition  to  bisexual 
flowers,  c.  2  mm  in  diameter,  5-merous;  petals 
j^llow:  ovary  inferior,  2-celled,  Kruil  n  flat- 
tened ellipsoid  achizocarp  5-7  mm  long,  ribbed, 
slightly  winged.  Seedling  with  cjugeal  germi- 
nation: hypocotyl  0.5—1.5  cm  long,  epicotyl  ab- 
sent: rotylcdans  stalked,  ovate-lanceolate,  her- 
baceous. 

Parsnip  is  a  slow-growing,  deep-rooted  plant. 
The  flowers  are  pollinated  by  insects.  Parsnip 
ia  sell-fertile. 

Ecology  Parsnip  is  a  cool  season  crop,  '  op- 
timum i>  uiiM  iature  for  growth  is  15— 18*C. 
Riiofs  pioducfd  umliT  warm  conditions  do  not 
have  the  strong  and  distinctive  flavour  of  those 
grown  under  cooler  conditions.  Parsnip  is  bien- 
nial and  requires  vemnlizntion  for  flower  in- 
duction. It  can  grow  in  slightly  shad}'  localities 
(open  woodland)  or  in  fiill  sunlight.  In  the  trop- 
ics it  can  only  be  cultivated  above  900  m  alti- 
tude The  root  IS  tolerant  of  hard  frost,  I'ndei' 
the  influence  of  low  temperatures  starch  in  the 
root  is  converted  to  sugars.  Parsnip  requires  a 
deep,  light  to  medium-textured  soil  with  pond 
drainage.  In  clay  soils  germination  and  root 
growth  are  poor. 

Management  Parsnip  seed  is  sown  in  situ, 
thinly  in  rows  10—50  cm  npnrt  at  a  sparinji  of 
1-2  cm  m  the  row  and  covered  with  about  i  cm 
of  fime  soil.  The  weight  of  1000  seeds  is  about 
3.5  g.  Seed  is  difficult  to  preserve  and  often  has 
a  low  germmation  rate.  Germination  is  best  at 
19-24'>C,  but  still  takes  about  2  weeks.  In  a  soil 
that  has  a  capping  tendency,  a  light  irrigation 
ju.st  prior  to  [rrrminntion  helps  seedlings  to 
emerge.  In  home  gardens  parsnip  seed  is  some- 
times mixed  with  radish  seed.  The  quidc  grow- 

intz  radish  breaks  the  soil  crust  ,-md  can  be 
harvt  sird  before  it  starts  competmg  with  the 
parsnip  plants.  Plants  are  thinned  after  4-5 
weeks  to  a  spacing  of  10-12  cm.  Slight 
earthing-up  after  thinning  is  recommemled. 
I'arsnip  needs  careful  weeding  as  early  growth 
is  slow.  Hie  application  of  a  compound  feitil- 

i/er  (8-M-lO)  ,-it  n  rate  of  .500-700  kp.Oia  at 
planting  is  recommended,  if  necessary'  top- 
dressed  with  20  kg  N  after  4-6  weeka.  Fresh 
manure  should  be  avoided  as  it  causes  plants 
to  become  hairj'  and  branched.  Parsnip  prefers 
a  constantly  moist  soil.  Erratic  irrigation  may 
cause  roots  to  crack  or  become  fibrous.  Parsnip 
does  not  aafkt  much  (torn  pests  or  diseases.  To 


avoid  white  mould  (Sclprotiiiia  sp.)  and  root- 
knot  nematodes  parsnip  should  be  grown  in  a 
wide  crop  rotation.  Alternan'a  leaf  blight,  pow- 
dery mildew  (Erisiphe  innhi'Uif'Kirinni  ind 
Cercoapora  leaf  blight  may  occur  and  may  need 
control  by  fungicides.  Leaf  blight  and  powdery 
mildi'W  are  favoured  by  s\  ;u  in  humid  weather; 
improved  aeration  may  reduce  their  incidence. 
Cutworms  may  cause  some  damage. 
Parsnip  roots  are  ready  for  harvesting  after 
90-150  days  In  temperate  areas  they  are  often 
left  until  after  the  first  frost  as  their  sweetnesa 
increases  tmder  low  temperatures.  They  can 
not  be  pullerl  u|>  and  have  to  be  uprooted  by 
careful  digging.  A  yield  of  25  t/ha  is  considered 
good.  Once  parsnip  roots  have  been  harvested 
they  lose  water  quickly  They  can  be  stor-  ;  ii 
soil  clamps  or  undei-  refrigeration  at  O^C  and 
relative  humidity  of  at  least  90%. 
Genetic  resources  and  breedii^  The  old 

rultivnr  Hollow  Crown'  is  mostly  cultivated  in 
East  Africa;  other  well-known  cultivars  are 
'Guernsey'  and  'Offenham',  both  with  shorter 
roots.  Xo  breeding  programmes  are  known  to 
exist  The  North  Central  Regional  PI  Station, 
Ames,  Iowa,  United  States  mamtains  a  small 
collection  of  Paaiinaea  germplasm. 

Prospects  In  tropical  .\frica  parsnip  is 
likely  to  remain  a  vegetable  of  minor  impor- 
tance, mainly  for  consumers  of  European  ori- 
gin. 

Major  references  Hndfield.  d.  IMtiO  Law- 
rence, B.M.,  2002;  Kubatzky,  V.E.  &  Vamugu- 
chi,  M.,  1997;  U8DA,  2002a;  WeUs,  P.O.,  1979. 

Other  references  Foster.  S.  &  Duke  J. .A.., 
1999;  Foster,  R..  Egel,  D.  &  Maynard,  E.,  2003; 
Fritz,  D.,  Stolz,  W.,  Venter,  P.,  Weichmann,  J. 
&  Wonneberger.  C,  1989. 

Authors  L.P.A  Oyen 

Pedalium  MUREX  L. 

Protologue  Syst.  nat.  ed.  10  :  1123  (1759). 
Family  PedaUaoeae 

Chromosome  munber  2ii  ~  Hi 
Origin  aud  geographic  distribution  I'eda- 
lium  murex  is  widespread  in  West,  East  and 

snuthem  tropical  Africa,  Madagascar,  and 
tropical  Asia  (from  India  and  Sn  Lanka  to  In- 
donesia). 

Uses  In  tropical  Afirica  and  India  the  leaves 
of  Pfifhiliinn  miirrx  are  collected  from  the  wild 
and  eaten  boiled  as  a  vegetable,  in  Tanzmiia 
the  water  in  which  the  leaves  have  be^  boiled 
or  a  decoction  of  the  root  is  drunk  to  treat  ve- 
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ncrcal  disoasos.  The  viscid  mucilago  produced 
by  the  plant  is  used  as  a  demulcent,  diuretic 
and  tonic,  to  treat  ^'onorriioea  and  dysuria  and 
to  dissolve  un  tliral  stones,  In  India  the  \)\nnt 
IS  taken  as  an  emmenagogue  and  ecbolic  and 
the  root  is  ocmsidered  antibilious.  The  hard  and 
priddy  firuita  are  aold  as  medicine  on  Indian 
markets. 

Properties  There  is  no  information  on  the 
diemicil  ('ompositicm  of  Pedalium  innrex 
leaves,  .Mk.iloids  n  greenish  f.ilty  oil,  ;i  little 
resm,  phenolic  acids,  vuniUin  and  tlavones 
have  been  isolated  from  the  fruits.  The  leaves 
and  roots  have  l>een  used  in  a  clinical  test  with 
patients  suffering  from  gonorrhoea;  it  was 
found  to  have  no  effect.  Possibly  because  of  its 
foetid  smell.  Pedalium  murex  is  not  grazed  by 
livestork  in  Somalia, 

Botany  Erect  ur  ascending  annual  hexb  up 
to  76  cm  tall,  slightly  succulent,  with  mudi- 
hranrhing  stem.  Leaves  opposite  or  alternate, 
simple;  stipules  absent;  petiole  up  to  3.5  cm 
long;  blade  oblong-elliptical  to  obovate,  up  to  5 
cm  X  3.6  cm,  base  acute,  apex  rounded  or  trun- 
cate margin  irregularly  toothed  or  lobed  but 
sometimes  entire,  glabrous  above,  scaly- 
glandular  below.  Flowers  solitaiy  in  leaf  axils, 

bise\u;il.  almost  re]£rulnr,  n-mci'iius;  pedicel 
slender,  short,  at  base  bearmg  nectarial 
glands;  calyx  dec  ])ly  divided  into  lanceolate 
segments  c.  2  mm  long,  persistent  in  fruit;  co- 
rolla narrowlj'  funnel-shaped,  yellow,  with  tube 
up  to  2.5  cm  long  and  spreading,  almost  equal 
lobes  c.  6  mm  long,  glabresoent  or  with  a  km 
hairs  in  the  throat  stamens  1.  inrluded  in  co- 
rolla tube,  filaments  glandular  hau'y  at  base; 
ovary  superior,  2-celled,  style  slender,  stigma 
ii-lol)(Hl.  Fruit  an  indehiscent  capsule  1—2  cm 
0.."i-]  cm,  hard,  pyramidal,  l-anglcfl  with  a 
spreading  spine  c.  3  mm  long  at  the  base  of 
each  of  the  4  angles,  abruptly  omtracted  below 

the  spines,  rounded  to  nriite  nf  npox  rugose  or 
tuberculate,  few-seeded.  Seeds  narrowly  cylin- 
drical, c.  6  mm  X  1.5  mm,  3-angled  towards  the 
ape.x,  black. 

IWhtliiint  comprises  only  a  single  species 
Plants  ui  I'edalitini  titurex  with  prostrate  stems 
can  cover  an  area  up  to  1  m  in  diameter.  The 
flowers  open  in  the  morning  and  close  i  nrly  to 
late  in  the  afternoon.  Plants  can  be  found  flow- 
ering' throufrhout  the  year. 

Ecology  I'rdalitim  mttreiK  ia  often  found  at 
th-'  .  iluf  of  beaches  or  in  open  grassland  not 
too  tar  from  the  seashore,  up  to  500  m  altitude. 
It  is  a  saline  soil  indicator,  and  occurs  on  santfy 
and  limestone  soils. 


Genetic  resources  and  breeding  Peda- 
lium murex  is  widespread  and  not  in  danger  of 
g^etic  erosion. 

Prospects  Pedidiuin  nitnvx  will  remain  a 
minor  leaf  vegetable  of  only  local  importance. 
Its  nutritional  and  medicinal  properties  need 
fiirthi  I'  i-.  -i-arch 

Major  references  Bhakuni,  R.S.,  Shukla, 
Y.N.  &  Thakur,  R.S.,  1992;  Burkill,  H.M.,  1997; 
Ihlenfeldt  H.-D..  VJHH. 

Other  references  Rruce,  E.A..  V.)^'.\;  Heine, 
H.,  1963b;  Humbert,  H.,  1971;  Kokwaro,  J.O., 
1993;  Theobald,  W.L.  &  Grupe,  D.A.,  1981; 
Watt,  J.M  &  Breyer-Brandwijk,  M.G.,  1962. 

Authors  P.C.M.  clause 


PENTANISIASCHWEINFURTHII  Hiem 

Protoloene  Oliv.,  Fbra  trop.  Afr.  3:  131 

(1877) 
Family  Kubiaceae 
Chromosome  number  2n  =  40 
Synonyms  Pmtanisia  craiaifolia  K.Krause 

(1907).  Pi'nttiiiisid  Kiriabilis  auct  non  llarv. 

Vernacular  names  Rhodesian  forgel-me- 
not  (En).  Nflangaze  <Sw). 

Origin  and  geographic  distribution  Pi-ii- 
Lanisia  achweinfurlhii  is  widespread  m  tropical 
Africa,  from  Nigeria  and  Sudan  south  to  An- 
gola and  Mozambique. 

Uses  ('rushed  leaves  and  tips  of  flowering 
shoots  of  Pentaiusiii  schu  eiiifurthii  are  locally 
eaten  as  a  cooked  vegetable,  particularly  in  the 
dn,'  seasnn.  e  g  in  Tanzania.  Malawi  and  Zam- 
bia. In  Malawi  the  ash  of  the  burned  plant  is 
used  as  salt.  A  decoction  of  leaves  and  roots  is 
t  ak(>n  in  eastern  Africa  to  stop  diartfaoea. 

Botany  Perennial  herb  up  to  2.^  cm  tall, 
with  several  stems  arising  li-om  a  woody  root- 
stodc,  glabrous  to  haiiy.  Leaves  opposite,  sim- 
ple; stipules  with  2-1  deltoid  lobes;  petiole  up 
to  2  mm  long;  blade  very  variable,  round  to 
ellqitical-obovate  or  linear,  0.3-5.5  cm  x  0.2-2 
cm,  base  cuneate,  apex  acute  to  obtuse,  usuallj' 
glabrous.  Inilorescence  head-like  and  u\>  to  2. .5 
cm  long,  or  branched  and  spike-like  and  2—3.5 
cm  long;  peduncle  up  to  7  cm  long.  Flowers 

bisexual,  regiil.ir  iisunlly  .".mfrous  calyx  tu- 
bular, tube  squarish,  1.5  mm  long,  longest  lobe 
up  to  3.6  mm  x  1  mm,  other  lobes  much 
smaller;  coroUa  tubular,  bright  blue,  white, 
pale  lilac  or  purple,  tube  up  to  13  mm  long, 
densely  hairy  at  the  throat,  lobes  ovate-oblong- 
lanceolate,  2-6  mm  x  1—2  mm;  ovary  2-oelled, 
style  filiform,  ecaerted  2~i  mm  in  kmg-atyled 
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flowers,  stigma  divided  into  2  filiform  lobes  up 
to  2  mm  long.  Fruit  capsulp-like,  ovoid,  1.5-2.5 
mm  X  1.5-.:  inm  ihin-\v;ilir<l  indehiscent, 
usually  2-si'edi'<l,  Seeds  biojully  cllipticri!  in 
outline,  concave-convex,  2  mm  x  1.5  nim  x  0.5 
mm,  yellow  brown,  finely  marked  with  brown. 
Pentaniaia  is  confined  to  tir)])icfd  Africa  (in- 
chiding  Madagascar)  and  comprises  15  species. 

Eeolo|ry  Peitianisia  aehwemfurthii  occurs  in 
grasslands  and  woodlands,  always  in  areas 
subject  to  burning:  it  i?  fire-resistnnt  In  east- 
ern Al'rica  it  grows  at  altitudes  of  80U-225U  m. 
It  is  also  a  common  weed  of  cultivation. 

Management  Peiilani.siii  .sdm  <'iii fu rlhii  is 
collected  fix>m  the  wild  and  is  not  cultivated. 

Genetic  resonroes  mmd  breeding  Pimtani' 
sia  schii  einfiirthii  is  wideq>read  and  not  in 
danger  of  genet  ic  erosion. 

Prospects  I'enlaniaia  acJtuein/uithti  will 
remain  a  minor  vegetable,  most  important  in 

the  drj'  season  when  other  vepelables  are 
scarce.  Its  nutritional  and  medicinal  value  de- 
serve more  research. 

Major  references  Burkill,  H.M.,  1997; 
\  ei  dcourt.  B..  1952;  Verdcourt,  B.,  1976;  Wil- 
liamson, J.,  1955. 

Other  refierenees  Kokwaro,  J.O.,  1993; 
Malaisse,  F.  Crepoire,  J.,  Nyembo  T..  &  Rnb- 
brecht,  E..  1979;  Puff,  C.  &  Robbrecht.  E., 
1989;  Vetdoourt,  B.,  1989. 

AvthiorB  P.C.M.  Jansen 


PENTARRHINUM  INSIPfDUM  E.Mey. 

Protologue  Comm.  pi.  A£r.  austr.:  220 
(1837). 

Family  Asdepiadaoeae  (APCi:  Apocynaoeae) 

Chromosome  number      -  22 
Vernacular  names  African  heartvme  (Ea). 
Origin  and  geographic  distribntion  Pmtar- 

rhiiiuni  iii.ti/v'iltini  is  widespread  in  Namibia. 
Zimbabwe  and  South  Africa  and  again  in  the 
northern  Tanzania-Kenya  area,  from  where  it 
extends  into  (-Ethiopia;  it  is  known  from  one 
area  in  Sudan.  Between  those  regions  it  is  rare 
and  has,  lor  e.vample,  not  yet  been  collected  in 
northern  Zambia  or  northern  Malawi. 

Uses  Tn  southern  Africa  younp  leaves  and 
fruits  are  used  as  raw  or  cooked  vegetables. 
Sometimes  the  leaves  are  pounded  with  leaves 
of  other  species  or  with  the  tubers  of  several 
small  Asclepiadaerop.  The  young  fruits  may  be 
stored  for  3  weeks  before  they  deteriorate; 
older  fruits  (wh^  the  seeds  inside  have  turned 
brown)  become  too  hard  to  make  good  eating. 


They  exude  a  copious  amount  of  harmless  latex 
and  have  a  nutty,  slightly  peppery  flavour. 
In  Tanzania  a  decoction  of  the  leaves  is  used  to 
wash  boils,  and  after  washing  the  boils  are 
covered  with  hot  leaves.  In  Malawi  the  roots 
are  said  to  be  used  as  medicine.  The  leaves 
iniKht  lie  a  ^mn]  fi><l<ler  for  d<iine<tic  stock. 

Properties  Peutarrhinuin  inMpidum  is  cer- 
tainly not  poisonous,  although  it  has  been  re- 
ported occasionally  as  being  so.  Fresh  leaves 
contain  per  100  g:  water  85  g  energy  U)2  kJ 
(16  kcal),  protein  3.5  g,  fat  0.5  g,  carbohydrate 
6.7  g,  fibre  2  g,  Ca  370  mg,  P  63  mg,  Fe  9  mg, 
thiamin  0.2  mg.  riboflavin  0.?,  n\ii.  niacin  1  mg. 
ascorbic  acid  16  mg.  Fresh  young  fruits  contain 
per  100  g:  water  88  g,  energy  157  kJ  (37  kcal), 
protein  2,3  g,  fat  0.2  g,  carbohydrate  6.6  g  fil  i  > 
1.5  g,  Ca  72  mg.  P  17  mg.  Fe  0.8  mg  (Arnold, 
T.Il.,  Wells.  M.J.  &  Wehmeyer,  A.S.,  1985). 

Botany  Perennial,  climbing,  latex- 
containing  herb  with  elongated  tuberous  roots 
and  atrmglj'  branched,  annual  shoots  2-3  m 
l<mg,  glabrous  to  sparsely  pubescent.  Leaves 
opposite,  simple;  petiole  2-6  cm  long;  blade 
ovate,  2.5-6.5  cm  x  2-5  cm.  base  cuneate  to 
cordate,  apex  acuminate,  margin  entire.  Inflo- 
rescence cymoati,  6— 15-flowered;  peduncle  3—4 
cm  long.  Flowers  bisexual  regular,  .'"i-m<M-f)Us, 
with  aromatic  scent;  pedicel  U,5-2  cm  long; 
calyx  rotate,  lobes  triangular,  up  to  2.6  mm 
long,  connate  at  bas(\  pubescent  outside;  co- 
rolla with  ovate  to  oblong  lobes  up  to  6  mm  x 
3.5  mm,  connate  at  base,  full}'  refle.\ed  at  an- 
thesis,  margin  ciliate,  green-yellowish;  corona 
c.  mm  long,  fleshy  at  apex  with  horn-like 
ornaments;  anthers  with  connective  append- 
ages and  wings;  ovan,-  superior,  style  apex  flat. 
Fruil  a  [i,iir  of  follicles,  but  usually  only  OOe 
developed,  ellipsoid,  0—9  cm  x  1  ")-2  cm  pale 
brown,  smooth  to  densely  covex'ed  with  2-1  mm 
long  protuberances.  Seeds  ovoid,  about  6  mm  x 
2  mm  brown  margin  winged,  apex  with  a 
coma  of  3—1  mm  long  hairs. 
PmUcai^inum  comprises  only  2  species.  The 
other  species  is  Pentarrhinum  abyssiiiicum 
Decne,,  which  is  more  widely  distributed  but 
more  scattered  than  Ptiiilurrltinuiii  insipiduin, 
occurring  from  Cameroon  to  Namibia  and  from 

Ethiopia  to  Zimbabwe.  In  \h>-  literature,  the 
name  Penlarrhinum  msipuhiin  has  sometimes 
erroneously  been  used  for  Pentarrhinum  abys' 

siiiicuiii. 

Ecology  Pfvitnrrhinuni  fjisipuliini  is  associ- 
ated with  shrubland  and  savanna,  in  diy  or 
well-drained  conditions,  but  does  not  tolerate 
extremes  of  dry  and  wet.  It  ranges  ftcm  sea- 
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level  up  to  2200  m  altitude,  but  is  most  com- 
mon between  600-1600  m. 

Management  Pmtarrhinum  inaipidum  can 
easily  lio  grown  from  seed  and  is  a  rapid  pro- 
ducer of  green  material. 

Genetic  resources  and  breeding  Pentar- 
rhiiiuiii  iusipidum  is  witU'spread  in  East  and 
southern  Africa  and  not  in  danger  of  genetic 
erosion. 

Prospects  In  southern  .Africa  Pcniarrhiiiuiii 
in.sii)itln III  is  nn  important  vrpi't;ihlc  fi-ttm  tho 
wild.  It  IS  considfied  to  have  some  potential  for 
developmrait  as  a  commercial  vegetable.  Its 

nii'(li<-iii;d  value  m-fds  cun  firm  at  ion. 

Major  references  Arnold,  T.ll.,  Welis,  MJ. 
&  Wehmever.  A  S.,  1985:  Liede,  S.  &  Nidiolas, 
A,   i;»!)2:  Stuiy.  l^.  151^8 

Other  references  BurkiU.  II. M..  1985;  van 
Wyk,  B.-E.,  van  Oudlshoorn,  B.  &.  Gericke,  N., 
1997;  Watt.  J.M.  &  Br^er-Brandwijk,  M.G., 
inn2  Willi  imson,  J.,  195.5. 

Authors  P.C.M.  Jansen 


Pentodon  pfntandrus  (Schumach.  & 

Thonn.)  Vatke 

Protologufl  Ost.  Dot.  Zeitschr.  25:  231 

(1875). 
Family  Rubiaceae 

Synonyms  ffcdynfi.i  peiilaiidra  Schumnrh 
&   Thonn.   (1827)    OldcuJniiflia  morrnphylla 
DC.       (1830),       Oldenlandia  peiUandra 
(Sdiumach.  &  Thonn.)  DC.  (1830). 

Origin  and  geographic  distribution  Pento- 
don pentaiidma  is  widespread  all  over  tropical 
Africa  and  has  been  introduced  in  the  southern 
United  States,  Cuba,  Nicaragua  and  Brazil.  In 
the  United  States  it  has  become  a  weed  known 
as  Hale  s  pentodon. 

Uses  The  leaves  and  jroung  shoots  of  Pmto- 

dnii  pcuiandru a  are  reportedly  enten  ns  a 
vegetable  in  Ghana  and  Kenya.  The  plant  is 
grazed  by  domestic  stock.  A  decoction  of  the 
plant  IS  used  internally  and  externally  to 
promi)tf  lactation  <if  nursing  mothers.  In  Si- 
erra Leone  ground-up  leaves  mixed  with  oil 
are  rubbed  onto  the  body  against  fever,  in 
Ghnnn  njjainst  rheumatism  and  in  Xi<ieria 
against  headache.  Leaf  sap  is  instilled  in  the 
eyes  to  cure  conjunctivitis.  In  East  Africa  an 
infasi«Hi  of  the  roots  is  drunk  to  alleviate  the 
pain  of  n  swollen  spleen. 

Botany  Annual  or  short-lived  perennial  herb 
with  slender  rootstodc  and  decumbent  to  erect 
stem  up  to  90  cm  long.  Leaves  opposite,  sin^tle, 


sessile;  stipules  with  short  sheath,  fringed; 
blade  elliptical  to  linear-lanceolate  l.-'J-S  cm  x 
0.6—2.5  cm.  Inflorescence  appannilv  nxillary 
and  verticdiati'  uith  widely  spared  nudes  each 
bearing  1— I  flowers,  up  to  9  cm  long;  peduncle 
up  to  6.5  cm  long.  Flowers  bisexual,  smal], 
regular.  5-mei  ous.  heterostylous;  pedicel  up  to 
1.5  cm  long,  spreading;  calyx  tubular  with  tri* 
angular  lobes  c.  1  mm  long;  corolla  tubular 
with  hairy  throat  and  ovalc-l  riangular  lobes  1— 
H  mm  long,  white  pink  blue  or  mnuve  sta- 
mens inserted  at  throat  or  base  of  corolla  tube; 
ovaty  inferior,  2-celled,  style  slender,  c.  1  mm 
or  2-3.5  mm  long,  stigma  2-l<ibed.  Fruit  a  cap- 
sule 2-4  mm  long,  crowned  by  the  persistent 
calyx  lobes,  many-seeded.  Seeds  angular, 
small,  black. 

Ecology  Pcntuduii  pcntaitdriis  grows  in 
swamps,  lake  and  river  shores  and  on  season- 
ally wet  grounds,  from  sea-level  up  to  2260  m 
alliluilc 

Management  Fenlodon  penlandrua  is  only 
collected  from  the  wild  and  is  not  cultivated. 

Genetic  resources  and  breeding  Pento- 
don peiitandivs  is  widespread  and  not  in  dan- 
ger of  genetic  erosion. 

Proqvects  Pentodon  pentandma  will  romain 
a  minor  vegetable  always  nearby  in  wetter 
locations.  Its  nutritional  and  medicinal  value 
merit  research. 

Major  references  Rurkill,  H.M.  1997; 
Kokwaro,  J  f  i  \  c?-deourt,  B.,  197t). 

Other  references  Verdcourt,  B.,  1989. 

Authors  P.C.M.  Jansen 


Persicaria  attfnuata  (R.Br.)  Sojak 

Protologue  I'lesiia  46:  152(1974). 
Family  I'olygonaceae 

Synottynw  Polygonum  tomentosum  Willd. 

(1790)  non  Sehrank,  Pnlysiniiiini  fittrtniatum 
K.Br.  (1810),  Polygonum  pulchmm  Blume 
(1826). 

Vernacular    names    Watersmart  weed, 

hairy  kiiiir\\('(>i|  dCii) 

Origin  and  geographic  distribution  Persi- 
caria attenuata  is  widespread  in  the  tropics 
and  subtrnpics  ef  .\frira,  Asia  and  Australia.  In 
Africa  it  is  common  m  wet  localities. 

Uses  The  leaves  of  Persiearia  attenuata  are 
locally  (e.g.  in  Benin  and  Tanzania)  used  as  a 
fresh  salad  or  as  n  rooked  vegetable  and  are 
also  grazed  by  stock.  In  South-East  Asia  the 
leaves  are  eaten  with  food  as  a  tonic  and  to 
purify  the  blood  Peraiearia  attfenuata  is  widely 
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used  medicinally.  In  East  .Vfrica  the  lonvos  are 
used  in  treatments  for  syphilis,  rheumatism 
and  swellings.  In  southern  Africa  a  decoct  ion  of 
creeping  stems  is  Mpplicd  to  cattle  suffering,' 
from  black  gall  sickness.  In  DR  Congo  the 
plant  is  burnt  to  obtain  a  vegetable  salt  which 
is  ridl  in  potassium  and  is  apiilicd  to  sores  im 
the  back  and  chest  of  scrofulous  hunchbacked 
cbildrra. 

Properties  The  nutritive  value  of  Persicttria 
attenunin  is  not  known;  it  may  be  similar  fo 
that  of  Peraiearia  decipiaii  (R.Br.)  K.L.  Wilson, 
which  is  also  used  as  a  vegetable  in  Africa.  The 
rhizome  contains  2  n";,  of  an  aciid  resin  which 
is  a  depressant  and  can  arrest  the  heart. 

Botany  Robust,  haixy,  xliizomatous  peren- 
nial herb  up  to  2  m  tall,  with  branched  stems 
basally  creeping  and  roofinu  at  the  nodes,  be- 
commg  hollow  when  older.  Leaves  alternate, 
simple;  ocrea  <9'lindrical,  up  to  4  cm  long,  sur- 
face coarsely  villous,  apex  with  a  fringe  of  bris- 
tles; petiole  up  to  7  mm  long;  blade  narrowly 
elliptical  to  narrowly  ovate,  5—25  cm  x  1-6  cm, 
pubescent,  veins  prominent  below.  Inflores- 
cence a  panicle  of  2-5  spike-like  racemes  .">^ 
cm  long,  usually  leafless;  peduncle  stout,  often 
in  pairs;  bracts  ovate,  2-3  mm  long,  reddish, 
fringed  terminally.  Flowers  bisexual  distinctly 
heterost\  lous;  pedicel  exceeding  the  bracts  by 

1— 2  mm;  perianth  campanulate,  3^.5  mm 
long,  white  or  pink,  lobes  1-.'),  oblong-ellipiical, 

2—  3  mm  long'  stamens  8:  ovnn.'  superior,  1- 
celled,  styles  2,  united  at  base,  stigmas  capi- 
tate. Fruit  a  lens-shaped  nut,  sometimes  flat- 
triii'd  Kti  (iiie  side  2-:^>  mill  li>ng.  shiny  black. 
The  la.vonomy  of  Peraicaria  has  not  yet  stabi- 
lized, at  present  comprising  about  160  fl|>ecies. 
Most  qpecies  have  been  described  in  the  g«itt8 
Polygonum,  from  which  Peraicaria  is  a  segre- 
gate. 

Persiearia  atimuata  is  very  variable  and  3 

subs])<  <  ii  s  have  been  distinguished,  mainly 
based  on  hairiness  of  ocrea  and  leaf,  and  leaf 
and  fruit  form.  Of  these,  subsp.  afriemia 
KJj.Wilson  is  the  only  one  in  Africa.  Subsp. 
attemiata  occurs  in  South-East  Asia  and  Aus- 
tralia and  subsp.  pulchia  (Blume)  K.L. W  ilson 
in  eastern  Asia. 

Ecology  Prr.siran'a  atlrininfa  grows  in  and 
beside  water,  often  forming  large  patches  with 
long  floating  stems  that  root  at  the  lowest 
nodes  from  sea-levid  up  to  1000  m  altitude.  In 
Sierra  Leone  Persicnrta  attptuinta  is  sometimes 
a  troublesome  weed  in  rice,  although  it  is  also 
ocmaidered  an  indicator  of  land  suitable  for  rice 
cultivation. 


Management  Peraicaria  aitemiata  is  col- 
lected fi"om  the  wild  and  is  not  cultivated. 

Genetic  reaources  and  breeding  Persi- 
cnria  atteniiato  is  very  widespread  and  not  in 
danger  of  genetic  erosion. 

Prospects  Peraicaria  atienuata  will  remain 
a  locally  used  vegetable  and  medicinal  plant. 
More  research  is  needed  to  verify  its  nutri- 
tional and  medicinal  value. 

Midor  references  Rurkill,  H.M.,  1997;  De- 
rnn,',  R..  1940;  Kokworo,  J.O.,  lOn.'V  Ruffo, 
O.K.,  Birnie,  A.  &  Tengnas,  B.,  2002;  Wilson, 
K.L.,  1990. 

Other  references  Busson.  F..  IOC's;  Cavaco. 
A.,  1953;  Graham,  R.A.,  1958;  Iledberg,  O., 
2000;  Keay,  R.W.J.,  19B4e;  Nguyen  Thi  Do, 
2001a:  Thulin.  M..  1903b;  van  den  Bergh, 
M  IL.  199:J:  van  der  Zon.  A.P M  &  Grubben, 
G.J.Il.,  1970;  Walt,  J.M.  &  Breyer-Brandwijk, 
M.G.,  1962. 

Authors  P.C.M.  Jansen 


PERSICARIA  DECIPIENS  (R.Br.)  K.L.WUson 

Protoiogue  Telopea  li:  178  (I'Jiiii). 

Family  Polygonaoeae 

Synonyms  Pnlyi^oinini  .mlicifnliiiui  Brouss. 
ex  VVilld.  (1809),  Polygonum  decipieiis  R.Br. 
(1810),  Polygonum  aerrulatum  Lag.  (1816), 
Peraiearia  aalicifolia  (Brouss.  ex  Willd.)  As- 
senov  (innro  non  S  K.<  Ii  ay. 

Vernacular  names  Willow  weed,  slender 
knotweed,  snake  root  (En).  Renouee  a  feuilles 
do  saule  (Fri 

Origin  and  geographic  distributiou  Persi- 
earia  deeipima  is  widespread  from  the  Mediter- 
ranean region  to  soul  hern  .Africa,  also  in  South- 
East  Asio  and  .\ustralia  It  has  become  widely 
naturaUzed  elsewhere  (e.g.  m  Madagascar). 

Uses  In  Afrk»i  and  elsewhere,  the  leaves  of 
Persiraria  rlrcipicvs  are  locally  eaten  ns  a 
cooked  vegetable,  but  usually  considered  a  fam- 
ine food.  In  DR  Congo  the  plant  is  burnt  to 
obtain  vegetable  salt.  In  Tanzania  the  leaves 
are  used  rnetlu  inally  as  a  purgative,  in  Guinea 
they  are  applied  to  syphilitic  sores;  in  southern 
Africa  a  leaf  paste  is  applied  to  sores. 

Properties  Leaves  of  Persiraria  dpcipiens 
contain  per  100  g:  water  80.0  g,  energy  268  kJ 
(64  kcal),  protein  3.6  g,  fat  0.3  g,  carbohydrate 

1  1.7  g.  fibre  -3. .5  g,  Ca  150  mg.  V  t'5  mg  (Leung. 
W.-T.W.,  Busson,  F.  &  rfardin  (\  19G8). 
Cooked  leaves  are  slimy,  coarse  and  not  veiy 
popular. 

Botany  Erect  or  basally  decumbent,  slender 
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annual  herb  up  to  1  m  tall,  with  simple  or 
branched,  glabrous  stem,  rooting  nt  lower 
nodes.  Leaves  alternate,  simple,  subsessile; 
ocrefi  cylimlrical  up  to  2  <-m  long,  thinly  cov- 
ered with  bristly  hairs  and  terminally  fringed 
with  stiff  bristles  up  to  2.5  cm  long;  blade 
l.-mceoiate-elliptical,  8-1."  (  in  <  1-2  mi  base 
attenuate,  apex  acute,  margins  ciiiate.  Inflo- 
rescence a  slender,  spike-like  raceme  2-8  cm 
long,  often  2—7  together  to  appear  somewhat 
Hipitntc  and  zigzap  when  young;  brncts  red- 
brown,  with  a  terminal  fringe  of  rigid  brist  les. 
Flowers  bisexual,  heterostylous;  perianth  2-3 
mm  long.  5-lobed  with  broadly  ovate  lobes, 
pink  or  \\  hite;  stamens  7-8;  ovary  superior,  1- 
oelled,  styles  3,  united  in  lower  half,  stigmas 
orange.  F'ruit  a  trigonous  or  lens-shaped  nut  up 
to  2.5  mm  iont;  shin_\  l)l;ic-k. 

The  taxonomy  ot  J'ersicaria  has  not  yet  stabi- 
lized, at  preset  comprising  about  160  species. 

Most  species  bnve  bc(-n  desrrib<Ml  in  the  genus 
Polygomim,  from  which  Peraicaria  is  a  segre- 
gate. 

Ecologfy  Persiearia  decipima  grows  in  damp 
localities,  often  in  water  from  sea-level  up  to 
2400  m  altitude.  Locally  it  may  be  troublesome 
because  of  its  invasive  nature. 

Management  Pfrsicarid  drcipims  is  only 
collected  from  the  wild  and  nut  cultivated. 

Geneiie  resources  and  breeding  P«r»i- 
earia  decipieiis  is  wideqiread  and  not  in  danger 

of  genetic  e>-osinn. 

Prospects  Persiearia  decipiens  will  i-emain 
locally  a  famine  food  alwasrs  available  from  the 
wild.  Its  medicinal  properties  need  more  re- 
search. 

Major  references  Burkill,  H.M.,  1997: 

Katende,  A.B.,  S.spgawa,  P.  &  Birnie,  .\.,  19!);): 
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PEBS1CARL\  SENEGALENSIS  (Meisn.)  Sojak 

Protologue  Preslia  46:  155  (1974). 
Family  Bolygonacoae 

Synonyms  Polygonum  senegaleiise  Meisn. 
(1826). 

Vemnoular  names  Silver  snake  root  (En). 


Origin  and  geographic  distribution  Persi- 
earia senegaleusis  is  widespread  in  tropical  and 
subtropical  Africa,  including  South  Africa  and 

M;i<Iauascar. 

Uses  The  tender  leaves  of  Persiearia  sene- 
galmais  are  eaten  cooked  as  a  vegetable.  Only 
in  times  of  drought  it  is  grazed  by  livestock.  In 
Kenya  and  DR  Congo  the  plant  is  burnt  to 
make  a  vegetable  salt.  In  Senegal  a  leaf  decoc- 
tion is  taken  in  draught  and  liy  ent  ni.i  lo  treat 
syphilis  in  a  mixture  with  other  ]ilaiit>  In  Xi- 
geria  and  Ethiopia  pounded  leaves  are  applied 
to  swellings,  syphylitic  sores  or  skin  affections; 
in  Tanzania  pouiidi  c!  roots  are  used  in  the 
same  way.  The  plant  is  also  used  as  a  veteri- 
nary' medicine  in  Madagascar  and  elsewhere. 
In  Tanzania  a  black  dye  is  prepared  from  the 
roots.  Pcrsicdfia  .Hoin'galataia  has  potential  as 
an  aquatic  ornamental. 

Properties  A  chemical  analysis  of  leaves  of 

Pt'r.siciiria  sriirnnhvi.'ii.i  is  not  available,  but  the 
nutritive  value  may  be  similar  to  that  of  Persi- 
earia decipiens  (R.Br.)  K.L. Wilson.  The  roots 
are  said  to  be  toxic.  An  abundance  of  saponins 
is  jiresent  in  the  Iea\'es  A  crude  water  extract 
of  the  plant  killed  the  freshwater  snails  Lyin- 
tuxe  nataUnsis  and  Biomphalaria  pfeifferi. 

Botany  Erect  jtenMinial  herb  up  to  'A  m  tall, 
glabrous  to  white-tomentuse,  with  brown,  stri- 
ate stem  inflated  just  above  the  nodes  and  root- 
ing at  lowei-  ni'.li  -  Leaves  alternate,  simple; 
ocren  cj'lintincal.  up  to  I  cm  lone  membra- 
nous, glabrous,  not  fringed;  petiole  1-7  cm 
long;  blade  lanceolate,  up  to  30  cm  x  8  cm,  ta- 
pering  at  both  ends,  lower  surface  w  itli  numer- 
ous small  glands  and  often  strigose  on  the  mid- 
rib and  along  the  edges.  Inflorescence  a  panicle 
of  1-several  spike-like  racemes  uj)  to  10  cm 
long;  peduncle  with  orange  glands  bracts 
ovate-truncate,  3  mm  long,  usually  with 
fringed  margin.  Flowers  bisexual;  perianth 
camii;tnulate  with  A-r,  lobes  c  mm  long  pink, 
greenish  or  white,  gland-dotted;  stamens  4-5; 
ovaiy  superior,  1-oelled,  styles  2.  Fruit  a  l^s- 
shaped  nut  2.5-3.5  mm  long,  shiny  black. 
The  taxonomy  of  Pi'isicariu  has  not  yet  stabi- 
lized, at  present  comprising  about  150  species. 
Most  species  have  been  described  in  the  genus 
Polygonum,  from  whidi  Persiearia  is  a  segre- 
gate. 

Persiearia  senegalensis  is  variable  in  its  indu- 
mentum, from  ghibrous  to  densely  w  liiti  woolly 
tomento.se.  This  has  resulted  in  thi-  dist inction 
of  several  subspecies,  varieties  and  forms,  but 
numerous  intermediate  types  exist,  sometimes 
ev&i  on  the  same  plant.  Persiearia  smsgalmsis 
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much  resembles  Persicaria  filahra  (Willd.) 
M.G6mez,  but  it  is  usually  larger,  leaves  are 
wider  and  have  a  strigose  midrib,  its  perianth 
is  longer  nntl  its  fruit  never  triiinguljir.  In 
Madagascar  the  leaves  of  Persicaria  glabm  are 
also  used  as  a  vegetable. 

Ecology  Persicaria  senegalriisis  tjrows  in 
damp  localities,  along  lake  shores  and  streams, 
and  in  swamps,  at  400—3000  m  altitude. 

Management  / '.7  •;,■'.■'/;■,'(,'  ■::':!'  n.'si.s  is  not 
rultiv.'itcd  ;ind  only  culii cti  J  iVum  tlic  wild. 

Genetic  resources  and  breeding  Persi- 
caria genegalmsis  is  widespread  and  not  in 
danut'T  of  u'>  lil  t  ii'  erosion. 

Prospects  Peraicaria  M'liegaleiiaia  is  an  in- 
teresting species,  meriting  more  reaeareh  to 
evaluate  its  nutritional,  medicinal  and  orna- 
mental values. 

Major  references  Burkiil,  H.M.,  1997;  Dos- 
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Walker.  A.  &  Sillans,  R..  1961;  Raynal-Roques, 
A.,  15)78  Thulin.  M,  VMVAh. 
Authors  P.C.M.  Jansen 

PHASEOLUS  VULGARIS  L.  (French  bean) 

Protologne  8p.  pi.  2:  723  (1763). 

Family  Papilionaceae  (Leguminosae  -  Papilio- 

noideae,  Fabaceae) 

Cluromoaoime  rnunbez  2n  =  22 

Vemacnlar  namea  French  bean,  snap 
bean,  nnvy-  benn,  rommnn  bean  (En).  Haricot 
vert,  haricot  mange-tout  (Fr).  Vagem  (Po). 
Mharagwe  (Sw). 

Origin  and  geographic  distribution  Pliascn- 
lua  vulgaris  was  domesticated  in  Central  and 
South  America  more  than  6000  years  ago.  Do- 
mestication occurred  independently  in  Mexico 
!ind  '  InalcniJila  and  Peru  and  nei^jhlxiurinK 
c  ount  l  ies.  Small-seeded  ecolypes  occur  m  the 

wild  in  northern  Argentina  and  Central  Amer- 

irn.  nr>-  si»eds  wore  introduced  and  planted  in 
Spam  durmg  the  16^'  century  and  &om  there 
Phaaeohu  vulgaris  was  taken  to  France.  The 
unripe  pods  soon  became  popular  as  a  veget;a- 
ble  in  Europe.  The  use  of  the  green  pods  was 
made  possible  by  a  considerable  reduction  of 
the  'pardimenf  consisting  of  cross-intersectii^ 
fibres  in  the  firuit  wall.  This  diaracter,  poly- 
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genie  in  heredity,  was  improved  by  breeding  in 

Europe  during  the  18^''  and  19'''  centuries.  The 
bard  fibres  along  both  sutures  (  strings')  were 
first  eliminated  by  a  dominant  mutation,  whidi 
appeared  spontaneously  during  the  19^  oen- 
tur\.  However  several  genes  control  the  pres- 
ence uf  strmgs  and  this  character  is  somewhat 
linked  with  pod  etraightness,  and  it  ia  only 
recently  thai  Fren<h  bean  with  long  and 
straight,  consistently  strmgless  pods  have  been 
bred  sucoessfiilly.  At  present  French  bean  is 
produced  all  over  the  world  and  can  be  found  in 
nil  countries  of  tropieal  Africa  It  is  nio?-e  popu- 
lar m  Francophone  than  in  Anglophone  coun- 
tries, more  in  urban  than  in  rural  areas,  more 
in  highland  than  in  lowland  regions,  and  more 
during  the  cool  season  than  durmg  the  hot 
season. 

Uses  Young  pods  of  French  benn  are  boiled 
after  cutting  both  ends  and  carefully  removing 
the  strings,  if  present;  they  may  then  be  cooked 
or  firied  with  sliced  onion  and  garlic,  or  used  in 

salads.  They  can  bo  boiled  topetbcr  witli  rii-o 
They  require  a  shorter  cooking  time  than  diy 
bean  seeds.  The  full-grown  but  immature  seeds 
(larger  than  dry  ones)  are  sometimes  also 
eaten,  and  sold  in  their  pods  on  vegetable  mar- 
kets. They  can  be  cooked  wilhoul  previous 
soaking  in  water  and  in  a  shorter  time  than 
dry  seofls  I, oaves  are  occasionally  used  as  a 
vegetable,  but  few  cultivars  have  leaves  of  suf- 
ficient tenderness.  Orop  residues  are  often  used 

a<  loilder, 

in  East  and  southern  Africa  the  use  of  ripe 
seeds  of  Phaseolus  vulgaris  as  a  pulse  is  more 
important  than  the  use  of  unripe  pods  or  seeds 
as  vegetables;  a  separate  article  in  PROTA  1: 
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Cereals  and  pulses  deals  with  pulse  aqjects  of 
Phaseolus  vulsoris. 

Production  and  international  trade  World 
production  of  Fntuh  lioiui  (comljined  with 
yard-long  bean)  in  2UU2  was  estimated  by  FAO 
at  5.8  millioin  t  from  855,000  ha.  CShina  pro- 
(lucod  2.0  million  t.  Turkov  515,000  t,  the 
European  Union  664,000  t,  tropical  Africa 
ahout  76,000  t  and  northern  Africa  312,000  t. 
An  important  part  of  »he  tropical  Afric.in  jiro- 
duction  is  pxpnrtcd  to  Europo:  nrnrly  10,000  t, 
the  most  important  exporters  being  Senegal, 
Buikina  Faso,  Kenya  and  Zimbabwe.  Frendi 
bean  is  the  thin]  most  important  agricultural 
eiq>ort  product  of  Kenya,  after  only  tea  and 
pineapple. 

The  production  of  French  bean  pods  for  can- 
ning; is  impr>ii;int  in  Europe.  An  important 
amount  of  French  bean  seeds  is  produced  in 
East  African  highlands  (e.g.  Kenya,  Tanzania) 

foi-  Kui- If    nn  sord  rompnnios 

Properties  The  nutritional  composition  of 
FVench  bean  pods,  raw  and  ends  trimmed  (edi- 
ble proportion  83%)  is:  water  90,7  g.  energy  99 
kJ  (2  1  kcal),  protein  19  g  fat  0,")  g.  carbohy- 
drate 'ti.2  g,  dietary  fibre  3.0  g,  Ca  36  mg,  Mg 
17  mg,  P  38  mg,  Fe  1.2  mg,  Zn  0.2  mg,  carotene 
I  iO  |.i<T  ihinmin  O.O.'i  mg,  riboflavin  0.07  mg, 
niacin  O.li  mg,  folate  tiO  p.g,  ascorbic  acid  12  mg 
(Holland,  B.,  Unwin,  T.D.  &Bu8s,  D.H.,  1991). 

Adulterations  and  aubatitiites  French 
bean  pods  used  in  dishes  can  bo  replnced  by 
pods  of  several  other  leguminous  crops.  Yard- 
long  bean  (Viffta  unguieulata  (L.)  Walp.)  is  the 
most  appropriate  substitute  in  tropical  low- 
land, but  in  Africa  its  use  is  mostly  restricted 
to  consumers  from  Asian  origin.  Young  pods  of 
runner  bean  (Phaseolus  coccincit.i  L.)  are  also 
used  as  n  substitute;  the  large  pods  are  slired 
before  cooking.  The  young  pods  of  lablab  {Lab- 
lab  purpurma  (L.)  Sweet)  are  also  used  in  the 

snmi'  \\  ;iy      fhnsc  of  Fi-rnch  Vic.'in. 

Description  Climbmg,  trailing  or  more  or 
less  erect  and  bushy  annual  herb,  slightly  pu- 
bescent; iiipnmt  well  developed,  with  many 
lateral  arnl  !k1\ entitious  roots:  stem  up  to  3  m 
lung,  angular  or  nearly  cylindrical.  Leaves  al- 
ternate, 3-fbliolate;  stipules  triangular,  small; 
petiole  up  to  15(— .'U))  cm  long,  grooved  above, 
distmctly  thickened  at  base,  rachis  (1.5-)2.5- 
3.5(-6)  cm  long;  stipels  small;  leaflets  ovate, 
(6-)7.5-14(-20)  cm  x  6-10(-15)  in  I  sal  ones 
asymmotrical,  apical  one  symmi  irK  .il  entire 
slightly  pubescent,  3-veined  from  the  base. 
Inflorescence  an  axillary  or  terminal  raceme  up 
to  16(-^5)  cm  long,  with  flowers  arranged 


Phaseohi8  inilgari*  -  1,  infloresemce;  2,  fmiting 

b  I  audi;  3,  seeds 
Source:  PROSEA 

along  the  radbis  in  pairs  or  solitary.  Flowers 

bisexual,  papilionaceous:  pedicel  up  to  1  cm 
long,  slender,  with  ovate  bracteoles;  calyx  cam- 
panulate,  tube  c.  3  mm  long,  lobes  triangular, 
2-3  mm  long:  corolla  white  to  ]iui]ilc  or 
red-purple,  standard  very  broadly  ubovnte, 
hood-shaped,  c,  1,5  cm  long,  wmgs  obovate,  c.  2 
cm  long,  keel  sharply  upturned,  c.  1  cm  long; 
stamens  10  9  fused  and  1  free:  ovan,'  superior, 
c.  0.5  cm  long,  laterally  compressed,  style  up- 
turned and  spiralled,  with  collar  fine  hairs 
below  the  <  llipsoid  stigma.  Fruit  a  linear  pod 
up  to  20  cm  long,  straight  or  more  commonly 
curved  with  a  prominent  beak,  fleshy  when 
immature,  green  or  ytXbm,  sometimes  red, 
pur]>le  or  with  purplish  stripes,  (2-),'i-7(-0)- 
seeded.  Seeds  globose  to  kidney-shaped,  elhp- 
soid  or  oblong,  0.5-1.5(-2)  cm  long,  blade, 
brown,  yellow  red  or  white,  sometimes  with 
speckled,  necked  or  saddled  patterns:  hilum 
oblong  to  elliptical.  Seedling  with  epigeal  ger- 
mination; cotyledons  oblong,  thick;  first  two 
leaves  simple  and  opposite,  subsequent  leaves 
alternate,  3-foholate. 

Other  botanif»d  infennatioii  Phcueobia 
coiiq>riBes  .  il  .iiut  ,"0  species,  most  of  them  in  the 
Ampricas,  Mo.si  French  bean  cultivars  belong 
either  to  the  climbing,  unbranched  pole  type, 
or  to  the  dwarf  'bush'  type.  The  pole  cultivars 
have  indeterminate  growth  up  to  3  m  high  and 
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arc  normally  supported.  The  bush  cultivars  are 
early  maturing,  20-60  cm  tall,  and  have  de- 
terminate growth  with  short  intemodes. 
Stringless  rultivars  now  predomimiti'  The  so- 
called  wax  beans  are  yellow  because  chloro- 
phyll is  absent  from  the  pods,  petioles  and 
yuini;  stems  '^rci/n  Fi'ciK-h  Ix'an  pods  may  be 
unii'ormly  green,  or  purple-striped  due  to  the 
presence  of  anthocyanins.  Some  cultivars  pro- 
duce uniformly  purple  [kjcIs  (e  Mantje-lout  a 
OOBSe  violet te  )    ['uri>le  stl-i(ied  ;md  yellow  i)ods 

are  easier  to  pick  by  hand  amongst  the  green 
foliage.  Most  Frendi  bean  cultivars  have  tylin- 

drical  pods.  Init  large  flat  stringlesB  ones, 
called  'slicing  bean  ,  are  popular  especially  for 
home  gardening  in  Europe.  Local  African  culti- 
vars -  genetic  mixtures  resulting  fiDiu  earlier 
introdiKlions  and  often  heavily  mfeeted  with 
seedborne  diseases  —  can  be  found  where  small- 
Bcale  fanners  keep  their  own  seeds. 

Growth  and  development  Fni-  good  seed 
germination,  the  soil  must  be  warmer  than 
12'C,  optimal  growth  occurring  at  22-25*C, 
The  plant  can  withstand  occasional  day  tem- 
peratures of  35*C.  which  can.  however  induce 
flower  abortion.  The  roots  form  nodules  con- 
taining nitrogen-fixing  Rhiz(Aium  bacteria. 

Several  Rhiznhiinu  sptn-ie.*;  fix  ni(r(ig<Mi  with 
Ptiaaeolua  vulgaris,  e.g.  h'lii:obium  pkaaeoU. 
Flowering  starts  28-35  days  after  sowing.  Self 
fertilization  is  common  and  the  rate  of  ci-oss 
pollination  by  insects  is  generally  small.  Such 
hybrids  are  often  easilj*  recognized  by  differ- 
ences in  seed  colour.  Young  pods  can  be  har- 
vested ir)-20  days  later.  The  harvest  of  the  im- 
mature pods  induces  prolonged  flowermg.  The 
harvest  period  can  last  10-16  days  to  20-30 
days  for  bush  and  pole  cultivars,  respectively. 

Ecology  Phaftcnhm  rulffnris  is  well  adapted 
to  elevations  of  1500-2000  m  in  East  Alrica.  It 
can,  however,  be  grown  under  lowland  condi- 
tions provided  maximum  daily  temperatures 
are  not  higher  than  30  °C,  as  occui's  during  the 
dry  winter  season  in  the  Sahel.  Most  French 
bean  cultivars  are  sensitive  to  soil  acidity  and 
aluminium  toxicity  the  optimum  pll  is  <;  l-7.(! 
In  African  regions  where  there  is  no  P/taseulus 
vulgaris  growing  tradition,  nitrogen  fixation  by 
Rhizobiii in  spp  may  be  not  efficient  enough  to 
ensure  normal  growth,  also  because  modem 
cultivars  are  bred  on  European  soils  very  rich 
in  nitrates.  Frandi  bean  is  sensitive  ti>  salmity 
and  to  excessive  soil  boron.  In  he;n y  i  lay  suils 
germination  problems  may  occur  if  irrigation  is 
applied  between  sowing  and  emergoioe. 

Propagatton  and  planting  Seed  wei|^t  of 


French  bean  varies  from  0.2-1  g.  For  bush  cul- 
tivars, seeds  are  sown  either  following  tradi- 
tional triangular  patterns,  or  more  often  nowa- 
days in  lines,  with  20  seeds/m  sown  sitlitarj'  or 
4-6  together  at  20-25  cm  mtervals,  with  60-80 
cm  between  lines.  This  requires  about  100  kg 
seed/ha.  Seeds  of  pf>le  cultivars  are  sown  n-/i 
together  in  lines  at  intervals  of  40-50  cm,  with 
100-120  cm  between  lines.  The  seeds  are  bur- 
ied at  3-^  cm  depth,  or  up  to  7  cm  if  the  soil 
surface  is  di^'  and  the  soil  not  too  heavy.  For 
climbing  types,  2  m  high  poles  (straight 
brandies,  bamboos  or  bars)  are  placed  after 
emergence  of  the  seedlings.  In  humid  tropical 
conditions,  it  is  recommended  that  they  be 
placed  vertically  (rather  than  2-^  tied  together 
at  the  tup)  to  avoid  the  development  of  \m  1> 
blight.  In  Kenya  some  farmers  grow  French 
bean  for  export  in  hydroponics  in  screen- 
houses. 

Management  \n  nvi  rn^e  fertilizer  recom- 
mendation for  French  bean  is  about  40  kg  N, 
90  kg  P  and  90  kg  K  per  ha  for  bush  cultivars, 
and  60  kg  N.  120  kg  V>  and  120  kg  K  for  pole 
cultivars,  depending  on  the  soil  fertility  situa- 
tion. As  the  growth  of  the  root  system  is  slow, 
it  is  recommended  that  some  nitrogen  fertilizer 

1)(-  ni)plied  even  where  effective  nodidation  can 
lie  expected.  However,  excess  nitrogen  will 
predispose  the  cTop  to  bacterial  blight  and 
aphid  infestation.  In  acid  soils  tricalcium  phos- 
phate may  he  applied  in  the  furrow  Ix  f'ore  snw- 
mg,  m  neutral  or  allialme  soils  triple  super- 
phosphate. Direct  contact  between  seed  and 
fertilizer  should  be  avoided.  During  the  vegeta- 
tive stage  weeds  must  be  rigorously  controlled, 
but  damage  to  the  roots  and  stem  base  should 
b(>  avoided.  During  this  stage  irrigation  should 
be  applied  twice  weekly  if  it  does  not  rain. 
Overhead  irrigation  is  recommended  if  certified 
disease-free  seeds  have  been  sown  and  if 
aphids  and  thrips  are  a  problem.  TTowever, 
overhead  irrigation  should  be  avoided  for 
Frendi  bean  grown  for  seed  production,  since  it 
may  induce  bacterial  lili^ht 

Diseases  and  pests  .Ml  parts  of  the  French 
bean  plant  may  be  attacked  by  one  or  more 
diseases  and  pests,  the  severity  and  incidence 
depending  on  location  and  season.  Several 
seedborne  diseases  are  widespread,  in  Africa 
ncueokia  vulgaris  is  affected  by  essentially 
the  same  diseases  and  pests  that  are  found  on 
other  legumes  such  as  Cajaitits  cajan,  Viffttn 
sublermnea  (L.)  V  erde,  and  \  'igiia  ungumilala. 
In  seedlings  damping  off  caused  by  Pythium 
aphoitidermatum  or  RhizoeUmia  aolaiii  can  be 
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serious  in  excessively  wet  soils  and  particularly 
if  seeds  are  not  treated  with  fippropriate  fungi- 
cides. Older  plants  can  be  killed  by  scnc  ici! 
wilt-causing  ivifhu^cns  (Scli'inliiuii  lolfsii 
Macwplioininu  pluiseoliiia,  Fusarium  solani 
f.8p.  phtueoU  and  by  nematodes).  Infestation 
with  these  diseases  is  tjciii'i  ally  severe  in  eases 
of  repeated  cultivation  without  crop  rotation. 
Management  of  these  soilbome  diseases  is  veiy 
dilTicuIt.  In  Western  countries  pestuides  for 
the  cdntnil  of  some  soilbome  ]);)thoijens  are 
commercially  available.  In  Ai'nca  the  control  is 
by  the  use  of  soil  amendments  (including  neem 
extracts  for  nematode  enntrol)  long  crop  rota- 
tions, or  leaving  the  land  fallow  for  several 
seascms. 

The  seedbome  diseases  angular  leaf  spot 
if'liiH'ois(itioj>s)\'i  ifn'.ti'nld).  anthraenose  (Colh'- 
lolrichuiii  liiideiiiuthiaiiuiii),  common  bacterial 
blight  (Xcmthomonas  campeslria  pv.  phaseoU) 
and  halo  blight  (Psrudnninnas  .syringop  pv. 
pliaaeoUcola)  can  cause  serious  losses  in 
French  bean  crops.  It  is  not  possible  to  control 
bacterial  blight  once  establidied.  Copper 
sprays  can  only  minimize  further  spread  and 
provide  limited  protection  to  apparently 
healthy  plants.  The  use  of  certified  disease-free 
seed  is  critical  in  averting  the  introduction  of 
these  diseases  iniu  new  fields.  These  diseases 
are  aggravated  by  overhead  irrigation  and  ex- 
cessive nitrogen  fertiUzation.  Most  modem 
FriMich  benn  cultivnrs  are  resistant  to  common 
races  of  CoUetotnchuni.  It  is  possible  to  effec- 
tively control  angular  leaf  spot  and  anthrac- 
nose  by  seed  dressing  and  hy  fungicide  spi  :i\  s 
Other  diseases  that  can  cause  serious  crop 
losses  are  bean  rust  (Uromyces  appendieulatua 
var.  appcndintlalua).  powdeiy  mildew  (Erytt- 
phi'  pnlyfioiii)  and  web  blight  {Rhiznrtnuia  .in- 
lam).  Some  cultivars  are  relatively  i-esistant  to 
bean  rust.  Application  of  fungicides  may  be 
necessnrj-  if  bean  rust  or  powdety  mildew  in- 
fections occur  during  the  early  stages  of 
growth. 

Nfofit  French  bean  cultivars  oa.  the  market 

nowadays  are  resistant  tu  hcan  common  mosaic 
virus  (BCM\',  aphui-U  ansmilled  and  seed- 
bome). In  tropical  lowlands  where  common 
bean  is  grown  logothei-  with  cowpea,  legume 
strains  of  cucumber  mosaic  virus  (CM\0  and 
several  cowpea  viruses  transmitted  by  beetles 
have  been  obser\'ed  on  French  bean.  The  con- 
trol of  t5(  'M\'  is  based  on  the  use  of  certified 
disease-free  seed,  resistant  cultivars  and  vector 
management. 

The  most  important  inaect  peata  during  the 


first  1  weeks  of  growth  are  bean  flics  {Ophio- 
myia  spp.),  which  tend  to  be  severe  during  dry 
spells  after  a  rainy  sea.son.  Aphids  (Aphis  fabtie 
and  A/ifiis  rrarrit  <>nt)  can  also  be  a  pi(il)ii'm  at 
early  growth  stages.  Both  bean  flies  and  aphids 
can  be  effectively  controlled  by  seed  treatment 
with  systemic  insecticides  such  as  imidaclo- 
prid.  In  Africa  cutworms  (Agrotia  spp.)  and 
caterpillars  {Spodoptera  spp.)  may  be  a  prob- 
lem especially  in  soils  amendtnl  with  farmyard 
manure.  Important  pests  of  older  plants  in- 
clude thrips  (FrauklinieUa  occidentalis,  Frcaik- 
Unietta  achultzei  and  Megabirothrips  sjosiedtii, 
pod  borers  (Heh'coi  erpa  ariiii,Q<'i(t  and  Maruca 
lestulalis)  and  spider  mites  (Tetraiiychua  urli- 
eae).  Thrips,  particularly  JhwikladeUa  oeeiden- 
talia,  are  veiy  difBcult  to  ocmtrol  as  they  are 
resistant  to  many  commonly  used  pesticide'^ 
Pod  borers  are  easily  controlled  by  Bacillus 
ihuringienais  products.  Spider  mites  are  gen- 

rrrdly  sm-ero  during  the  hot,  diy  season  and  in 
many  cases  are  a  result  of  excessive  appUcation 
of  foliar  pesticides  early  in  the  season. 
Integrated  pest  management  (IPN'I)  strategies 
for  French  lie^ii  iiroduction  are  centred  on  the 
concept  ol  avoidance  of  foliar  pesticide  applica- 
tions for  as  long  and  as  mu^  as  possible.  This 
shoiilfl  give  natural  cf)ntrnl  agents  a  chance  to 
keep  ])est  populations  at  le\  (  Is.  The  stjcond 
prm(  ij)Ie  is  not  tO  aj)ply  any  pesticides  after 
flowering  to  avoid  the  contamination  of  pods. 
IPM  includes  crop  rotation  with  non- 
leguminous  crops,  the  use  of  certified  disease- 
free  seed,  seed  treatment  with  a  qrstemic  fiin- 
yicide  and  insecticide,  e  g.  carljoxin  and  iiniila- 
cloprid  for  control  of  damping-off  diseases  and 
bean  flies  respectively,  and  treatment  of  late- 
season  pests  such  as  thrips,  pod  borers  and 
spidermites  by  insecticides 

Harvesting  In  Africa  French  beans  are 
picked  by  hand,  usually  twice  a  week,  resulting 
in  4  han-ests  for  bush  cultivars  and  7-9  for 
pole  cultivars.  This  gives  higher  yields  and 
better  quality  than  medianical  harvesting, 
which  is  predominant  in  Europe  and  requires 
not  only  costly  machinery,  liut  also  the  use  of 
special  cultivars  that  produce  all  puds  at  the 
same  time  and  large  plots  of  flat  land. 

Yield  T'nder  the  best  growing  conditions, 
yields  of  7-8  t/ha  of  French  bean  pods  can  be 
obtained  with  bush  cultivars  and  14—16  t/ha 
with  pole  cultivars  In  case  of  seed  production 
up  to  lOnO  kg/ha  dried  seeds  can  be  produced 
under  average  growing  conditions. 

Handling  after  harvest  Sorting  of  young 
pods  is  needed  to  remove  broken,  maUbrmed 
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and  ovrrripe  pods.  For  the  Fronch  market 
graduig  is  done  in  two  main  grades  -  extra  fine 
and  fine  pods.  Extra  fine  ones  should  be  ver>' 
tendei-  seedless,  with  no  strings  and  (iw  iVoin 
any  detects;  the  width  should  be  less  than  6 
mm  and  the  minimum  length  10  cm.  The  fine 
pods  may  have  sm.-dl  seeds  Mnd  be  short  with 
soft  strings;  the  width  should  be  6-8  mm. 
Specifications  of  grades  in  other  countries  may 
difier  somewhat.  French  bean  {xxl.s  arv  {)acked 
in  rorruU'ited  rnrdboard  boxes  of  'A  kp  pros.s 
weight  or  m  plastic  pre-packs  weighmg  250, 
500  or  1000  g. 

Pre-cooling  is  doni-  usnit;  forced  air  coolers  at 
T-S^C.  At  this  temperature  and  a  relative  hu- 
midity of  96-100%,  the  pods  can  be  stored  for 
one  to  two  weeks. 

Genetic  resources  Most  French  bean  culfi- 
vars  are  of  European  or  North-American  ori- 
gin. Germplasm  collections  are  k^t  by  re- 
seardi  institutes  in  Europe  and  North  Amer- 
ica, and  catalogues  of  seed  companies  ofifer  a 
ocmsiderable  variability.  The  collection  pre- 
served by  the  Centro  Internacional  de  Agricul- 
tura  Tropical  (CI AT).  Call  rolombia  holds 
mostly  pulse  cultivars;  it  includes  mteresting 
potential  parents  for  disease  resistance,  gen- 
eral tolerance  or  a(la[it  nbilil  y  In  adverse  soil 
conditions,  which  could  be  mtroduced  mto 
French  bean.  Cultivars  traditionally  recom- 
mended for  the  tropics  are  the  bush  cullivars 
Contender'  and  Tenderpreen',  and  the  pole 
cultivars  Kentucky  Wonder  or  Phenomene  a 
rames^.  These  cultivars  may  also  be  replaced 
nowadays  b\  nvn-r  iccent  cultivars  chosen  after 
local  experimentation  and  better  adapted  to 
tropical  conditions  (e.g.  the  bush  cultivar  'D^ 
hnel  ).  In  Indonesia  Perkasa  ,  selected  by  Fast- 
West  Seed  Company  from  litcal  malci-ial  has 
good  fruit  setting  under  hot,  humid  lowland 
conditions,  3rielding  up  to  10  t/ha. 

Breeding  Phusmhts  nilfinn'.'i  is  predomi- 
nantly autogamous  and  cultivars  are  inbred 
lines.  Cross-fertilization  can  occur  when  flow- 
ers are  visited  by  Xylocopes  (big,  dark  blue 
Ilymenoptcra)  and  can  be  detected  in  seedlots 
of  the  following  generation  by  off-coloured 
seeds.  Controlled  hybridization  is  a  delicate 
operation  taking  about  2  minutes  per  flower. 
New  homogeneous  lines  can  be  obtained  after 
7-8  generati<«s  (2.5-3  years  when  3  genera- 
tions per  year).  When  breed^n  make  crosses 
bptween  pulse  cultivars  and  French  bran  culti- 
vars, the  polygenic  nature  of  the  absence  of 
parchment  makes  2  or  3  backcrosses  necessaiy, 
while  the  dominant  heredity  of  the  stringless 


character  may  cause  reappearance  of  strings  in 
the  progeny  of  the  best  F2  or  F\ plants. 
Interspecific  crosses  can  be  matle  with  Phaaeo- 
lus  cuvciiu'us  L,  and  Plia.si'olus  (taitifoliua 
A.Gray  (a  diought  resistant  species  from  Cen- 
tral America),  and  resistance  to  Xanthomonas 
phaseoli  has  bci-n  introduced  from  these  spe- 
cies. Powders'  mildew  resistance  was  found  in 
Phaaeohii  vulgaris  germplasm  from  Haiti. 

Prospects  French  bean  is  an  important 
vegetable  with  high  nutritional  value  and  eco- 
nomic potential.  It  is  of  mterest  for  family  gar- 
dens (pole  cultivars),  the  domestic  maiket  and 
the  export  market.  It  would  be  interesting  to 
improve  local  cultivars  with  disease  resistances 
(in  addition  to  resistance  to  antfaracnoee  and 
bacterial  blight  already  obtained  in  Ehirope  and 
the  I'mted  States),  proper  fruit  setting  at  high 
temperatures  for  adaptation  to  tropical  low- 
land conditions,  improved  nitrogen  fixation  and 
adaptation  to  adverse  soil  conditions  using 
genes  available  from  tropical  pulse  cultivars. 
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PiSUM  SATIVUM  L. 

Protologue  Sp.  pi.  2:  727  (1753). 
Family  Papilionaceae  (Leguminosae  -  PiQiilio- 
noideae,  Pabaoeae) 

Chromosome  number  2ii.  —  14 
Vernacular  names 

-  Field  pea,  split  pea  (En).  Pois,  pois  sec  (Fr). 

Frvilha  (Po)  Xjengere  njegere  (Sw). 

-  Garden  pea,  potit-pois  (En).  Petit  pois  (Fr). 
Ervilha  (Po).  Njengere,  njegere  (Sw). 

-  Sugar  pea,  pea  pod,  snap  pea.  snow  pea, 
mange-tout  (En).  Pois  mange-tout,  pots  gour- 
mand (Fr).  ErviDia  torta  (Po). 

Oflgin  and  geographle  diatribiitioii  Ihe 
origin  and  progenitors  of  Pimm  aatmim  are 
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Piaim  3ativum  -  planted 

not  well  known.  The  Mediterranean  resrion, 
western  and  cftitml  Asia,  and  RtlTioj>ja  have 
been  indicated  as  centres  of  origin.  Kecently 
FAO  designated  Ethiopia  and  western  Asia  as 
centres  of  diversity,  with  secondary  centres  in 
southern  Asia  and  the  Mediterranean  rejjion 
Archaeological  evidence  of  the  use  of  pea  dat- 
ing from  8000  BC  has  been  found  in  the  Fertile 
Cresc(>nt.  The  first  (•ultivatif)n  of  pen  ai)])<\)rs 
to  have  been  in  western  Asia,  from  where  it 
spread  to  Europe,  China  and  India.  In  classical 
times  Greek  and  Roman  authors  mentioned  its 
rultivation  ns  a  pulse  and  fodder  crop.  Pen  was 
alreadj'  well  linown  m  the  mountain  regions  of 
Central  and  East  Africa  before  the  arrival  of 
th<'  Kurnpeans  and  was  a  well-estaMishcd  and 
important  food  crop  in  Rwanda  and  south- 
western Uganda  by  1860.  The  use  of  the  edible 
pods  was  first  described  in  the  Netherlands 
and  France  during  the  Hi'^  rentiiiy  whereas 
the  use  of  immature  seeds  as  a  vegetable  began 
in  Europe  a  century  later. 

At  present  Pf.iiim  satinnii  is  fnutid  in  all  tem- 
perate countries  and  in  most  tropical  liigh- 
lands.  Field  pea  is  extensive!}'  grown  in  the 
highlands  of  eastern  Central  Africa  and  East 
Africa  (notably  Ethiopia)  and  in  southern  Af- 
rica. In  parts  of  Rwanda  and  L  ganda  it  is  the 
main  pulse  crop.  Field  pea  is  hardly  grown  in 
West  .\frira  In  .\frien  parden  pen  and  supar 
pea  are  mostly  considered  exotic  products. 
They  are  regionally  of  some  inq>ortanoe,  sugar 
pea  more  in  Francophone  countries,  garden  pea 
more  in  Anglophone  countries.  Imported 
caiuied  garden  pea  seeds  are  available  eveiy- 
where  in  food  shops. 
Uaea  Three  main  types  of  pea  cultivars  can  be 


distinguished:  field  pea,  grown  for  the  diy  seeds; 
garden  pea.  grown  for  the  immature  green 
seeds:  and  sugar  pea,  grown  ior  the  immature 
|>oi|s  The  dry  seeds  of  field  pea  are  first  si>aked 
ill  water  to  soften  and  are  then  boiled  and  con- 
sumed as  a  pulse  dish.  Alternatively,  they  are 
decorticated  and  split  (  split  peas')  before  boiling 
They  are  also  consumed  roasted  The  young 
pods  of  sugar  pea  are  boiled  for  a  few  minutes 
only,  to  preserve  their  erispness;  after  boiling 
they  may  be  stir-fried  before  ronsumption.  The 
young  seeds  of  garden  pea  are  also  boiled  for  a 
few  minutee.  Th^  are  commonly  offered  as 
canned  or  -  in  Westeni  countries  -  as  deep  fro- 
zen products  In  Ethiopia  the  annual  consump- 
tion per  person  of  pea  seeds  IS  estimated  at  6-7 
kg.  Mam  dishes  iii<  luile  shiro  wot'  (split  pea 
seeds  ground  and  made  into  slew )  and  kik  wot' 
(split  pea  seeds  boiled  and  made  mto  stew). 
Snacks  include  'eshef  (fresh  green  field  pea 

seeds  either  eaien  raw  or  roasted),  nifn>'  (boilt^d 
dvy  or  fresh  green  pea  seeds)  and  endushdush' 
(seeds  soaked  first  and  then  roasted).  In  local 
maritets  white-  and  cream-coloured  seeds  are 
preferred  for  kik -niakmg  and  grey -coloured 
seeds  fur  shiro -making.  In  Malawi  and  some 
Asian  countries,  the  young  shoots  are  used  as  a 

leafy  vegetable.  In  \Vcsif?-n  coiinlries  dry,  ma- 
ture pea  seeds  are  extensively  used  as  animal 
feed.  The  haulms  or  straw  after  threshing  are 
used  as  forage,  hay,  silage  and  green  manure. 
Apart  from  being  an  important  source  of  food 
and  feed,  pea  plays  a  role  m  soil  fertility  restora- 
tion as  a  suitable  rotation  crop  that  fixes  atmos- 
pheric nitro^'i  n 

Plroductiou  and  international  trade  FAQ 
estimated  the  annual  world  dry  pea  seed  pro- 
duction in  i!»;isi-2()():'.  ai  about  10.5  miliicm  t 

from  f)  mdbon  hn.  The  main  producers  are 
Canada  (2.1  million  l/year  I'l-om  1.1  million  ha), 
France  (1.9  millioti  t^rear  from  400,000  ha), 
China  (1.1  million  t/year  from  000,000  hn)  and 
the  Russian  Federation  (1.1  million  t/year  from 
700,000  ha).  The  annual  production  in  tropical 
Afn<  a  for  this  period  was  about  310,000 1  finm 
470. OUU  ha.  Here,  the  main  producers  are 
Ethiopia  (135,U0U  t/year  from  184,000  ha),  DR 
Congo  (66,000  t^rear  from  96.000  ha),  Burundi 
(:?2000  t/year  from  40  000  ha),  Tanzania 
(28,000  tyj-ear  from  63,000  ha),  Uganda  (18,000 
t^ear  from  29,000  ha)  and  Rwanda  (14,000 
t/year  from  3D»000  ha).  Hie  annual  w  rald  pro' 
duction  of  green  pen  seeds  in  2111);?  was 

about  8.7  million  t  from  1.0  million  ha,  the 
main  producers  being  India  (3.4  miUion  t^rear 
from  300,000  ha),  China  (1.6  million  t^ear 


from  190.000  ha)  and  the  United  Stntos  (1.0 
million  t/year  from  96,000  ha).  In  tropical  Af- 
rica about  30.000  t  green  pea  seed  was  pro- 
duced annually  iVom  6400  ha,  mainly  in  Kenya 
(23,000  tyyear  from  5600  ha). 
StatisticB  on  the  intemational  trade  in  pea 
seed  aie  generally  scanty,  as  they  are  mostly 
aggregated  in  pulse  crops'  as  a  whole.  The 
main  exporting  countries  are  Canada,  Austra- 
ba,  France  and  China.  Canada  focuses  on  the 
European  f^tork  feed  markti  and  in  roront 
years  on  the  food  market  m  India.  Australia 
focuses  on  the  food  markets  and  the  domestic 
feed  market.  The  top  importers  for  pea  feed  or 
food  are  Spain,  Bangladesh,  Belgium,  India, 
China,  United  States,  Colcnnbia,  United  Arab 
E^mirates  and  Malaysia.  Ahnost  all  the  pi  hIuc- 
tion  in  Ethiopia  is  consumed  locally  Must 
sugar  pea  pods  produced  m  the  world  are  sold 
in  local  markets.  Western  countries  import 
larcc  (]uantirios  of  supnr  poa  pods  from  devel- 
oping tropical  countries  because  loca%  pro- 
duced ones  are  available  for  only  a  short  time 
of  the  year  and  because  of  the  high  labour  costs 
of  picking.  Kenya  exports  yearly  4.500  t  sugar 
pea  puds  to  the  European  Union.  Garden  pea 
seeds  are  mostly  exported  as  canned  or  frozen 

products  from  Wi'storn  coimlries,  r.p.  the 
United  States  and  France,  but  statistical  data 
are  not  available. 

Properties  \Miolr  mniure  dried  seeds  of 
field  pea  contain  per  100  g  edible  portion:  wa- 
ter 13.3  g,  energy  1269  kJ  (303  kcal),  protein 
21.6  g,  fat  2.4  g,  carbohydrate  52.0  g  (starch 
47. G  g).  fibre  15.0  Ca  61  mu  Mg  120  mg  P 
300  mg,  Fe  4.7  mg,  Zn  3.7  mg,  cai  otene  245  jig, 
thiamin  0.6  mg,  riboflavin  0.3  mg,  niacin  3.0 
mg,  ascorbic  acid  trace.  The  composition  of 
wrinkled  pea  seeds  is  diffetvnt  from  r-ounded 
ones;  they  have  less  starch  (27-37  g)  and  more 
Cat  (5  g)  and  sugars. 

Raw  garden  pea  .seeds,  immature  taken  from 
the  pods  (refuse  63%)  contam  per  100  g  edible 
portion:  water  74.6  g,  energy  348  kJ  (83  kcal), 
protein  6.9  g,  fat  1.5  g,  carbohydrate  11,3  g 
(starch  7.0  g).  fibre  4.7  g.  Ca  21  mg,  Mg  '54  mg. 
P  130  mg,  Fe  2.8  mg,  Zn  1.1  mg,  carotene  300 
tig,  thiamin  0.76  mg,  riboflavin  0.02  mg,  niacin 
2. .5  mg  fnl.nte  62  ng  ascorbic  ncid  24  mg. 
Raw  sugar  pea  pods,  with  the  ends  trimmed 
(refiise  8%)  contain  per  100  g  edible  portion: 
water  88  7  g.  energy  1  1  1^  I  (  ^2  kcal),  protein 
3.6  g,  f!it  0.2  g  carbohydiMlf  1.2  g  (starch  0.8 
g),  fibre  4.2  g,  Ca  44  mg,  Mg  28  mg,  P  62  mg, 
Fe  0.8  mg,  Zn  0.5  carotene  695  |ig,  thiamin 
0.2  mg,  riboflavin  0.16  mg,  niacin  0.6  mg,  folate 
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10  Jig,  ascorbic  acid  51  mg  (Holland,  B.,  Unwia, 
I.D,  &Buss,  D.H.,  1991). 

Description  Annual,  climbing,  glabrous 
herl)  uji  ti)  2nO(-.300)  cm  tall  (up  to  130  cm  for 
sugar  pea  types);  tapixiot  well  developed,  up  to 
120  cm  long,  with  many  lateral  roots;  stem 
terete,  with  no  or  few  basal  branches,  inter- 
nodes  hollow.  Leaves  alternate,  pinnate,  with 
l-d(-4)  pairs  of  leaflets  and  ending  in  a  usually 
branched  tendril;  stipules  leaf-like,  up  to  8(- 
10)  cm  ^  4  cm;  petiole  (2— )4— <'>i-7  cm  long: 
leaflets  shortly  stalked,  ovate  to  elliptical,  1.5- 
8  cm  X  0.5-4  cm,  entire  to  toothed,  sometimes 
converted  into  tendrils.  Inflorescence  an  axil- 
l  ir\  l-3-£lowered  raceme.  Flowers  bisexual, 
p.ipihonaoeous;  calyx  with  tube  4-8  mm  long, 
lobes  as  long  or  longer  than  tube;  corolla  white 
to  purple,  standard  1-3  cm  ~<  2.-5-1  5  cm.  w  mgs 
a  little  shorter  than  standard,  keel  much 
shorter;  stamens  10,  9  united  and  1  free;  ovary 

superior  1 -relied,  style  curved,  longitudinally 
grooved,  l^'ruit  an  oblong-ovate  pod  3.5—15  cm  x 
1-2.6  cm,  pendant,  2-11-seeded  Seeds  globose, 
sometimes  wrinkled,  5-8  mm  in  diameter, 
varying  in  colour  from  uniform  yellow  (sugar 
pea),  green  (crinkled  garden  pea)  to  purple  or 
spotted  or  cream-white,  sometimes  with  black 
hilum.  Seedling  with  hypogeal  germination; 


3 

1  U  ' 

Pisum  salivuin  -  1,  shoot  u  Uh  flower;  2,  part  of 
shoot  with  fruit;  3,  seed. 
Source:  PROSEA 
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cxttylcdons  remaining  within  testa;  first  2 
leaves  simple. 

Other  botanical  information  Pisiim  com- 
prises i\  few  species  and  is  related  to  Luthyrtis. 
Lens  and  Vicia,  from  which  it  can  be  distin- 
guished by  its  terete  stems,  veiy  large  stipules 
and  longitudinally  grooved  style. 
Hsuin  aaiivuin  has  long  been  studied  by  ge- 
neticists; Knight  did  his  crossing  experiments 
on  it  in  1787,  and  it  was  the  suhjt  i  t  of  the  pio- 
neering wnrls  of  ( Ircgor  Mi-mlcl  in  the  li)"'con- 
tuiy.  Within  Hsuin  satiium  several  varieties 
or  subspecies  have  been  distinguished.  Var. 
sulituDi  is  cultivated  worldwide,  includintr 
tropical  Africa.  Var,  abytamicum  (ABraun) 
Alef.  (Abyssinian  pea)  is  cultivated  in  Ethiopia, 
bom  Tigray  and  Wolio  in  the  nortb  southwards 
to  Shewa  and  Arsi:  it  is  also  grown  in  Yemen. 
It  differs  from  var.  aaiivuin  in  having  leaves 
with  only  one  pair  of  leaflets  (var.  aativum.'.  2-3 

pairs)   and  smaller,  red-purple  flowers.  It  has 

slightly  glo0^  seeds  with  a  black  hilum;  these 
may  mature  earlier.  Other  varieties  or  subspe- 
cies occur  outside  Africa;  2  of  these  represent 
wild  populations  from  southern  Europe  and 

western  Aiiia. 

Purple  coloured  flowers  are  associated  with 

liitter  tasting  green  .seeds.  For  this  reason 
nearly  all  garden  pea  cultivars  are 
white-flowered,  while  most  field  pea  cultivars 
are  purple-flowered  and  sugar  pea  c-ultivars 
cnn  have  white  or  purple  Howi  r-;  The  rdihK- 
pod  character  (absence  of  parchment  m  the 
pod  walls)  is  induced  by  two  recessive  genes.  A 
mutation  inducing  thickening  of  this  wall  of  up 
to  3  mm  was  recently  introduced  in  American 
cultivars,  giving  rise  to  the  'sugar  snap  pea'. 
For  field  pea,  mostly  farm-saved  seed  of  local 
cultivars  is  used  in  Nfrira:  well-known  culti- 
vars are  '\Utalf  and  Aiiseriseri  .  Well-known 
cultivars  of  sugar  pea  in  AfHea  are  'Sugar 

Snap',  Camuby  de  Maussane',  Oregon  Sugar 
Pod',  Shield'  and  Sugar  (cjueen'.  Some  culti- 
vars of  garden  pea  are  'Alderman',  'Television' 
and  'Green  Feast'.  Many  growers  use  their  own 
seed  originating  from  old  introductions.  .\  pe- 
culiar mutant  character,  Al'ila ,  with  tendrils 
in  the  place  of  leaflets  has  been  introduced  in 
commercial  <l'i\  .M-f  fu  ld  \ht\  cultivars 

Growth  and  development  Pea  seeds  ger- 
minate at  ambient  temperatures  of  between  4- 
24*C»  with  13-18*C  being  optimal.  In  sugar 
pea  ctiltivars  flowers  appear  between  the  G'^ 
and  12**»  nodes  accordmg  to  cultivar  earliness, 
normally  6-7  weeks  after  emergence.  At  opti- 
mum temperatures,  pods  are  ready  for  harvest- 


ing 12  days  later.  For  garden  pea  the  duration 
of  the  flowering  period  is  2-3  weeks  in  culti- 
vars for  mechanical  harvesting,  up  to  one 

month  in  garden  cultivars.  F^r  field  peas  the 
period  from  emergence  to  dry  seed  harvest 
ranges  from  3-6  months  depending  on  cultivar 
and  environment.  In  a  2-season  ex]>eriment 
with  63  genotj'pes  in  Ethiopia  at  300U  m  alti- 
tude, the  period  to  flowering  and  maturity 
ranged  from  80-104  dajrs  and  14S)-1(!3  days, 
respfM't  i\  t-ly.  Pen  Howers  are  self-])ollinated, 
With  usually  less  than  1%  outcrossmg.  Pea  is 
nodulated  by  Rhizobium  JegumituMamm. 

Ecology  Pea  requires  a  relatively  cool  cli- 
mate, with  average  temperatures  between  7- 
24°C,  and  with  optimum  jrields  at  average 
tempera!  iiivs  of  13-21'C,  although  maximum 
rates  of  di's  elo|nnent  and  vegetative  growth  are 
reached  at  considerably  higher  temperatures. 
It  can  be  grown  at  elevations  above  10(X)  m 

near  the  equator  or  nl  lower  elevations  (even 
in  coastal  areas)  during  the  cool  season  at  lati- 
tudes between  15-20°.  In  tropical  conditions 
sugar  pea  cultivars  are  generally  considered 
more  heat  tolerant  than  cultivars  grown  for 
seed.  Young  plants  can  withstand  frost  if  pro- 
gressively hardened  by  lowering  temperatures. 
Piauni  sativum  is  grown  in  rin  ris  with  an  an- 
nual rainfall  as  low  as  4UU  mm,  but  the  opti- 
mum is  800-1000  mm/jrear.  It  is  slightly  sus- 
ceptible  t  o  daylength,  with  long  days  promoting 
flowering.  In  most  tropical  circumstances  it  can 
be  considered  day-neutral,  in  Ethiopia  rainfed 
field  pea  is  grown  at  1800^3000  m  altitude, 
because  it  suffers  from  diseases  and  drought  at 
lower  altitudes  and  from  frost  at  higher  alti- 
tudes. It  is  mostly  grown  in  the  main  rainy 
season.  In  I  '<;anda  pea  plants  grow  best  at  alti- 
tudes aliii\"c  IHOO  m  and  in  Kenya  optimum 
yields  are  obtained  at  2100-2700  m  altitude. 
P«a  grows  on  a  wide  range  of  soU  types  with 
moderate  fertility  levels  well  drained  and  with 
pH  5.5-7.0,  although  some  cultivars  tolerate  a 
pH  up  to  7.5.  It  is  seriously  affected  by  soil 
acidity,  aluminium  toxicity  and  waterlogging. 

Propagation  and  planting  Pea  is  propa- 
gated by  seed.  The  1000-seed  weight  ranges 
from  100  g  to  600  g.  Sugar  pea  is  sown  in  dou- 
ble rows  10  cm  apart  with  Hf)  cm  (30-80  cm) 
between  Ihe  double  rows.  Within  the  rows  the 
seed  of  small  cultivars  is  sown  3-6  cm  apart, 
for  taller  cultivars  up  to  10  cm  apart.  Garden 
pen  is  sown  rather  dense  with  plant  densities 
up  to  80  plants  per  m-.  The  seed  should  be 
sown  4-7  cm  deep.  Per  ha  60-200  kg  of  seed  is 
required,  with  the  hii^est  rates  for  garden  pea. 
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Field  pea  is  mostly  broadcast  in  Mrica.  Even 
though  it  does  not  require  a  fine  seedbed  as 
such,  2-3  plough  III  tjs  with  annnal-drawn 
ploughs  or  ono  disc  lilduyhmy  followed  liy  two 
disc  harrowmgs  may  be  beneficial.  Tmiely  sow- 
ing is  essential  for  optimum  jrields,  since  late- 
sown  crops  ;nc  often  iiffoctod  by  low  moisture 
availability  and  heavy  aphid  infestation  at 
medium  altitudes  and  by  frost  at  hig^  alti< 
tudes.  In  Ethiopia  field  pea  is  produced  either 
OS  a  solo  crop  or  in  mi\rd  rropjiing  with  other 
crops,  e.g.  faba  bean  (\'icia  juLni  L.).  In  the  lat- 
ter case,  fiaba  bean  provides  phjrsical  support 
and  good  aeration  to  field  pea.  wherejis  field 
pea  suppresses  weed  growtii.  In  Ethiopia 
mixed  cropping  of  field  pea  with  faba  bean  sig- 
nificantly slows  down  the  rate  of  Ascochyta 
blight  development  and  results  in  higher  \  loMs 
than  pure  stands.  In  the  tropics,  e.g.  Rwanda 
and  south-western  Uganda,  field  pea  is  often 
the  first  crop  after  a  fallow  period.  In  temjx  r- 
ate  areas  sugar  pea  is  sown  either  in  autumn 
or  in  early  spring. 

Procedures  for  direct  as  well  as  indirect,  callus- 
mediated  somatic  embiyogenesis  have  been 
developed  for  pea. 

Managentent  Sugar  pea  plants  are  nor- 
mally supported.  The  stems  are  not  twininp 
but  grasp  the  support  with  their  tendrils.  They 
do  not  need  vertical  poles,  but  the  poles  can  be 
crossed,  or  the  plants  are  supported  by  wire 
mesh,  horizontal  wires  vertical  lattices  or  nets, 
dependmg  on  the  potential  height  of  the  culti- 
var  grown.  Garden  pea  is  seldom  supported, 

field  pea  not  at  all.  Weeds  should  be  rigorously 
controlled.  The  crit  ical  period  of  weed  competi- 
tion in  field  pea  production  is  3-8  weeks  after 

emergence.  Both  annual  and  [lerennuil  grasses 
affect  field  pen.  Weeds  can  he  controlled  by  hand 
weeding  where  labour  is  cheap,  whei-eas  chemi- 
cal weed  amtool  is  more  practical  in  large-^cale 
production  Rnrly  land  preparation  can  encour- 
age weed  seeds  to  germinate  so  that  they  can  be 
destroyed  in  subsequent  cultivation. 
Field  pea  normally  needs  no  fertilizer  N  as  the 
amount  present  in  the  soil  and  fixed  by  the 
plant  IS  sufficient.  The  total  uptake  of  a  crop 
yielding  5-6  t  of  seed  per  ha  is  30-36  kg/ha  P 
and  200-1250  kp/ha  K.  Young  supar  pea  and 
garden  pea  respond  well  to  a  starter  dose  of  N 
fertilizer,  even  when  nodulation  occurs.  An  in- 
dicative fertilizer  reifjinmendation  on  light  me- 
dium-rich alkaline  soils  is  10  kg  X,  nO  kg  P  loO 
kg  K  and  30  kg  Mg  per  ha.  li-rigation  is  neces- 
saiy  in  diy  condititmsi,  e.g.  10  mm  twice  a  week. 
Diseases  and  pests  Aaeoekyta  blight  is  a 


disease  complex  caused  by  Ascochyla  pisi.  My- 
cosphaerella  pinodes  (Ascochyla  pinodes).  and 
Phoma  medicaginis  (Ascochyta  piuodclhi):  it  is 
widespi'ead  throughout  the  world.  Moderate 
levels  of  resistance  have  been  detected  in  land- 
races  and  in  the  related  Pimm  fitlvum  Sibth.  & 
Sm  .  which  occurs  wild  in  western  Asia  I'ow- 
dery  mildew  caused  by  Evyaiphe  piai  mitially 
forms  small  diffuse  spots  on  the  older  leaves; 
these  lat«>r  coalesce  and  may  cover  the  whole 
plant  Resistant  cultivars  have  been  developed. 
In  sugar  pea  a  recessive  resistance  gene  is  pre- 
sent in  the  cultivar  'Manoa  Sugai'  bred  in  Ha- 
waii. Bacterial  blight  {Pseud om  on  as  syn'n::nf 
pv.  piai)  18  common  where  pea  is  grown  inten- 
sively and  humidity  is  hi|^.  Although  not  yet 
reeoi  ded  from  Africa,  downy  mildew  may  de- 
\t'lop  at  high  altitudes  where  temperatures  are 
between  fC  and  lii°C.  As  AscocUyla  blight, 
powdery  mildew,  bacterial  blight  and  downy 
mildew  are  seedbome  the  use  of  certified  dis- 
ease-free seed  is  essential.  If  own  seed  is  to  be 
used,  it  may  be  treated  with  a  aijratemic  fungi- 
cide to  I  Dili  I  ol  Aaeoekyta  blight  and  powdery 
mildew.  In  addition  wide  row  spacing  eradica- 
tion of  weeds,  surface  irrigation  and  rotations 
of  three  years  or  longer  help  to  manage  bacte- 
rial blight  and  other  diseases.  .\phid- 
transmitted  virus  diseases  include  bean  yellow 
mosaic  virus  (BYMV),  pea  seedbome  mosaic 
virus  (PSbM\0,  pea  leaf-roll  (BLRV  -  bean  leaf- 
roll  luteovirus)  and  pea  enation  mosaic  virus 
(PEM\0.  Recent  sugar  pea  cultivars  bred  in 
southern  Prance  are  relatively  tolerant  to  se- 

\'(  re  infestation  by  these  viruses  fe  y  Super- 
mangetout  compared  to  the  traditional  Ca- 
rouby  de  Maussane*). 

Insect  pests  attacking  pea  include  cut  worms 
(Agrnlis  spp.),  aphids  (including  the  pea  aphid 
AcyrthosiphoH  pistiin,  a  vector  of  many  virus 
diseases^  whidi  has  become  a  m^jor  pest  in 
Rthiopia),  bollworms  {IJplinthis  arnn'ffprn  and 
Spodoptfitn  I'xigiw)  and  the  pea  weevil 
(Bmehus  pisomin).  Bruchids  (CaUoaobmchus 
spp.)  are  a  major  storage  pest  of  fiidd  pea,  e.g. 
in  Ethiopia 

To  control  insect  pests  and  diseases,  integrated 
pest  management  (IPM)  is  recommended:  use 
of  resistant/tolerant  cultivars;  use  of  cerfifiod 
disease-free  seed  or  seed  treatment  of  own 
seed;  keeping  fields  weed-free;  appropriate 
fertilizing  and  irrigation;  growing  pea  &r  seed 
in  semi-arid  and/or  arid  areas:  regular  moni- 
toring of  the  crop;  and  judicious  use  of  biocides. 

Harvesting  Sugar  pea  pods  and  gard^  pea 
seeds  are  ready  for  harvesting  8—12  weeks 
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from  sowing,  field  pen  seeds  one  month  later. 
Pods  of  sugar  pea  are  hand-picked  every  sec- 
ond day  during  a  10-20  day  period.  Garden  pea 
<i'i'(ls  rin-  either  hniidpieked  or  -  in  hirge  scale 
production  for  canning  -  machine-harvested. 
Late  harvesting  of  field  pea  may  result  in 
shedding  and  rotting  of  pods  and  shattering  of 
the  seeds.  Therefore,  harvesting  should  be  done 
at  the  appropriate  stage:  when  the  leaves  begin 
lo  yellow,  the  lower  pods  hegin  (o  w  rinkle,  and 
the  seed  moisture  mnt<>nt  is  redured  to  ]()- 
18%.  In  most  parts  of  Africa  where  the  time  of 
harvest  more  or  less  coincides  with  the  start  of 
the  dn,'  season,  it  is  easy  to  achievi'  low  mois- 
ture contents  while  the  crop  is  still  in  the  field. 
Moat  field  pea  cultivars  have  an  indeterminate 
growth  hal)it  and  the  pods  do  not  mature  si- 
multaneously Till  refore,  the  harNestcd  j)i;ints 
should  be  dried  before  threshing.  In  most  parts 
of  Africa  (e.g.  Ethiopia),  harvesting  of  field  pea 

is  dime  \\  ith  sickles  the  crop  is  transjiorfed  to 
threshing  ground  and  stacked  for  a  few  days  to 
dry  in  the  sun.  The  stadc  is  then  spread  on  the 
ground  and  threshed  usually  by  women  or 
children  or  by  trampling  with  animals. 

Yield  Yields  of  field  pea  range  from  less  than 
1  t/ha  in  Africa  and  South  America  to  over  4 

tyha  in  Rurn[)i'  The-  avtM-a<j(>  world  yield  is 
around  1.7  t/ha.  Under  good  growmg  conditions 
sugar  i)ea  yields  of  up  to  8  t/ha  edible  pods  per 
ha  can  be  obtained.  Garden  pea  may  produce 
4—7  t/lia  younp  seeds. 

Handling  after  harvest  The  initial  seed 
moisture  content  of  field  pea  must  be  reduced 

to  the  re(|uired  lev  el  of  about  12%  before  stor- 
age. Optimum  moisture  content  reduces  the 
deterioration  rate  during  storage  and  prevents 
or  reduc<>s  attack  by  moulds  and  insects.  The 
seed  should  bi^  stored  in  n  diy  ami  cool  place, 
free  of  pests  and  protected  from  absorbing 
moisture  firom  the  surroundings.  Sugar  pea 
pods  can  be  kept  for  only  2-3  days  at  tempera- 
tures of  20-2.'i°C,  but  for  more  than  15  days  at 
2.5-5'C  in  perforated  plastic  bags  or  crates 
covered  with  perfoiated  plastic  sheets  (^>arden 
pea  seeds  may  be  kept  for  l-^?  wt-eks  al  tem- 
peratures of  0— 4°C  and  a  relative  humidity  of 
88-82%. 

Genetic  resources  A  large  genetic  diversity 
has  been  found  m  Fisuni  satiiiim  collections 
firom  both  Afinca  (e.g.  Ethiopia)  and  Asia  (e.g. 
India).  lUs  dixenity  is  not  uniformly  distrib- 
uted across  the  major  prodiiclion  nrens.  In 
Ethiopia  collections  from  the  southern  half  of 
the  country  (Arsi)  were  found  to  be  more  di- 
verse for  a  number  of  attributes  than  collec- 


tions from  the  northern  half  of  the  country 
(Gonder,  VVoUo  and  Gojam).  Genetic  erosion  in 
field  pea  is  probably  less  than  in  cereals,  be- 
cause of  less  pri>gress  in  cultivar  development 
and  hence  less  replacement  of  landraces  by  a 
few  new  cultivars.  Many  germplasm  collections 
of  pea  are  held  all  over  the  s\ nrld  The  world 
collection  of  cultivars  and  mutant  forms  of 
Mmm  aativum  is  housed  at  the  Nordic  Gene 
Rank  .Alnarp.  Sw<>d<>n  (about  2700  accessions). 
Emiibasis  in  the  <'ollection  is  on  lines  with  mul- 
tiple disease  i-esistance,  wild  and  primitive 
types,  lines  carrying  structural  mutations, 
breeding  lines  ami  cultivars  of  special  interest 
Lai^  IKaum  aalu  um  collections  are  held  in 
Australia  (Australian  Temperate  Field  Crops 
Collection.  Horsham.  Victoria,  6300  acces- 
sions), the  Russian  Federation  (X  I  Vavilov 
All-Russian  Scientific  Research  Institute  of 
Plant  Industry,  St.  Petersburg,  6200  acces- 
sions) Italy  (I '\R  ■  Istitiito  di  (lenetica  Vege- 
tale,  Bari,  4100  accessions),  the  United  States 
(Western  Regional  Plant  Introduction  Station, 
Pullman,  3500  accessions;  Horticultural  Sci- 
ences Department.  NY  State  Agricultural  Ex- 
periment Station,  Geneva,  2500  accessions), 
C^liina  (Institute  of  Crop  Germplasm  Resources 
(C.X.NS)  Pciiing  .'Mf)()  accessions)  anrl  the 
United  Kingdom  (John  Innes  Centre,  Depart- 
ment of  .Applied  Genetics,  Norwich,  2700  ac- 
cessions). The  largest  collection  of  Pisitm  aali- 
viiin  germplasm  in  \frica  is  located  at  the  Bio- 
diversity Conservation  and  Research  Institute, 
Addis  Ababa.  Ethiopia,  with  over  1600  acces- 
sions from  altitudes  of  isoo-:^?,.'")n  m. 

Breeding  Piatiin  sativum  is  strictly  autoga- 
mous and  all  commercial  cultivars  are  pure 
lines.  The  main  breeding  objectives  in  iemp<>r- 
ate  regions  are  colour  and  quality  for  fresh 
product  markets  and  cannmg,  mechanization 
and  cold  tolerance.  Breeding  in  most  parts  of 
the  tropics  has  an  improved  seed  yield  as  a 
first  priority  through  the  develt^ment  of  pro- 
ductive cultivars  tolerant/resistant  to  dififerrat 
stress  factors  and  suitable  for  difierait 
agro-ecological  conditions  Some  progress  has 
been  made.  In  addition  lo  improved  yield  po- 
tential, sources  of  resistance  to  powdeiy  mil- 
dew have  been  identified.  Tt  is  now  generally 
believed  that  a  single  recessive  gene  controls 
resistance  to  this  disease.  Attempts  to  transfer 
resistance  to  AKoehyta  blight  firom  a  wild  type 
have  not  been  successful  because  of  complica- 
tions due  to  polygenic  behaviour  and  linkage 
with  other  agrcmomic  traits.  The  presence  of 
physiological  races  is  another  problem.  Ma- 
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nipulation  of  morphological  traits  has  resulted 
in  determinate  types  with  even  maturity,  suit- 
able for  mechanization  and  semi-lea tlesH  types 
with  rt'diu'i'd  lodging  Breedint;  efforts  during 
the  past  three  decades  m  Africa  have  resulted 
in  the  release  of  a  number  of  cultivars  (ob- 
tained by  introduction,  hybridization  and  local 
collection),  but  most  farmers  still  use  their  own 
Carm-saved  seed  of  local  cultivars.  In  Ethiopia 
more  than  15  cultivars,  with  suporior  yield 
potonlinl  sct'd  si/o  sood  colour  ;in<I  disf.^isc 
resistance,  have  been  released  for  different 
agro-eoological  conditions.  These  cultivars  in- 
clude 'Holetta'  (fnnii  locil  <  nllection). 
'Tegegnech'  (introduced  from  Burundi),  'Hass- 
abe*  and  'Markos'  (introduced  6eom  the  Interna- 
tional Center  for  .Agricultural  Research  in  the 
Dry  Areas.  irAKDA)  Mntl  Adi'.  Mdky  and 
Wolmera  (obtained  by  hybridization  of 
adapted  local  cultivars  with  introductimis  firom 

the  I'nited  States  nnd  IP.VRD.N). 

For  sugar  pea  breeding  the  most  urgent  objec- 
tive is  powdeiy  mildew  resistance  (available  in 
'Manoa  SugarO  and  to  a  lesser  extent  Ascochyta 

resistance  (from  green  pea  cultivars).  The 
sugar  snap  character  will  be  interesting  if  it 
appears  attractive  to  consumers.  It  might  also 

be  interesting  to  introduce  more  new  chnrac- 
ters  into  sugar  pea,  e.g.  true  dwarfs  which 
could  be  grown  without  support,  or  climbing 
semi-leafless  types  in  order  to  increase  yields 
by  higher  plnnt  densities  and  to  make  fruit 
picking  easier. 

A  cons^sus  genetic  linkage  map  has  been  de- 

velnpf'd  fur  Pisinn  sati'iinn  based  on  various 
linkage  maps.  Quantitative  trait  loci  associated 
with  lodging  resistance,  plant  height  and  par- 
tial resist  anc(>  to  various  diaonses  have  been 
identified  Trnnsgenir  plnnts  have  been  pro- 
duced usuig  .-l^;o6c«-/erji///j-based  transforma- 
tion vectors,  e.g.  to  increase  resistance  to  the 
pea  wee\'il  hy  incorporating  oc-amylase- 
inhibiting  capacity. 

Prospects  Field  pea  will  remain  important 
in  Central  and  East  Africa,  as  w  ell  as  in  tem- 
perate areas.  It  is  a  major  nnd  cheap  source  of 
protein,  fi.ves  atmospheric  nitrogen,  and  plays 
an  important  role  in  farming  systems  by  break- 
ing  rerenl  mononiltiire.  .\  drnwbnrk  is  its  sus- 
ceptibihty  to  diseases,  which  can  best  be  ooim- 
teracted  by  the  development  of  resistant  culti- 
vars. As  a  potential  export  crop,  it  mi^t  repre- 
sent a  sppcinl  opportunity  in  the  years  to  come. 
Sugar  pea  and  garden  pea  will  become  gradu- 
ally more  important  in  city  maricets  in  tropical 
Africa.  Sugar  pea  is  ofbexi  considered  a  tastier 


vegetable  than  French  bean  and  it  could  bo 
interestmg  to  develop  its  production  for  the 
domestic  African  market  and  for  export.  *  Jar- 
den  pea  could  Ik-  pniduced  Kx-nlly  en  a  larger 
scale  to  replace  imports  in  canned  form. 
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Polygonum  plebeium  R.Br. 

Protologue  Prodr.:  420  (1810). 

Fam il y  Pol y gon  ;i ( ■<  ■  ,-i<  • 

Chromosome  number  2n  —  20 

Synonjrms  Polygonum  hemiarioidea  Delile 
(1813).  Polygonum  roxburghii  Meisn.  (1856). 

Vernacular  names  Sm;(ll  kn.  'iwi'cd  (En). 

Origiu  and  geographic  distribution  Poly- 
gonum pMmum  is  widespread  all  over  tropical 
.\frirn  .\sin  nnd  .\ustralia.  In  some  regions  it  is 
rare  (e.g.  DR  Congo). 

Uses  Polygonum  plebeuim  is  eaten  as  a 
vegetable  in  Malawi,  cooked  with  potatoes  and 
groundnuts.  The  product  is  slimy  but  well  liked 
because  it  has  a  good  smell.  In  India  it  is  used 
as  a  famine  vegetable,  and  it  is  grazed  by 
horses.  In  Australia  crushed  seeds  are  cooked 
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and  eaten  against  bowel  complaints;  in  India 
the  roots  are  similarly  applied. 

Properties  Diy  Polygonum  plebeium  leaves 
txmtfiin  pi  r  lOn  a  dry  matter:  protein  17  g.  fat 
3  g,  carbohydrate  50  g,  fibre  16  g,  P  0.3  g 
(Hooper,  D.,  1904).  When  grown  in  dry  places 
the  leaves  are  said  to  be  bitter.  Thi-  fVcsh  root 
contains  11%  tannin,  and  oxymethylan- 
thraquinone  has  also  been  isolated. 

Botany  Prostrate  annual  herb,  much- 
brnnrhr-d,  glnhrous;  stom.s  up  to  1^.5  cm  lonp, 
scabrid,  red-bi-own,  with  short  mtemodes. 
Leaves  alternate,  simple;  ocrea  cylindrical,  up 
to  3  mm  long,  often  silvery-white,  iriegularly 
Cringed;  petiole  ver>'  short;  blade  very  small, 
linear  to  obovate-elliptical,  1—2  cm  x  2-6  mm, 
margin  revolute,  rather  thick  and  leathery, 
dark  green  turning  red.  Innort-scence  a  con- 
gested raceme  with  short  branches,  forming 
axillary,  1-6-flowered  clusters.  Flowers  bisex- 
unl;  piM-irinlh  -  mm  long,  greonish,  with  1 
lanceolate-elliptical  lobes  1..^  mm  long,  the 
outer  pair  keeled,  white  to  pale  pink;  stamens 
5-8;  ovaiy  superior,  1-oelled,  styles  3,  free,  3 
mm  iniiL'.  I'^ruit  a  trigonous  nut  up  to  2  nun 
long,  smooth,  shmy  black. 

ESoology  Pedygonum  plebeium  occurs  in  drier 
lo<-a<ion.>;  than  many  other  Pnlygoniini  sporie.*; 
such  as  rocky  ground  in  dried  riverbeds  and 
dry  ing  mudflats  along  lakes,  in  eastern  Africa 
usually  at  r;()()-24()()  m  altitude.  It  also  grows 

as  n  wood  in  fields 

Management  Folyguimin  plebeium  is  col- 
lected from  tiie  wild  and  is  not  cultivated. 

Genetic  resources  and  breeding  Poly- 
gonum plebeium  is  vety  widespread  and  is  not 
in  danger  of  genetic  erosion. 

Prospects  Polygonum  plebeium  will  remain 
n  locrdly  importnnt  vopotnblc  p;irtiridnrly  in 
times  of  scarcity,  its  nutritive  and  medicmal 
properties  need  more  researcb. 

Major  references  Burkill  H.M.,  1997; 
Graham,  R.A.,  1958;  Williamson,  J.,  1955. 

Other  references  Hedberg,  O.,  2000; 
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PoKTULuVCA  ULEKACEA  L. 

Protologue  Sp  pi.  1:  445  (1753). 
Family  I 'ortiiljicnrono 
Chromosome  number  'J.n  -  18,  36,  5  i 
Vemaoiilar    names    Purslane,  garden 
purslane,  pigweed  (En).  Pouipier,  pourpier 


PorUilaea  oleracea  -  wild  and  planted 

potager  (Fr).  Beldroega,  bredo  f6mea  (Po). 

Origin  and  geographic  distribution  Pnrlii- 
laca  oleracea  is  a  cosmopolitan  weed  occurring 
especially  in  warm  areas;  it  occurs  throu^out 
tropical  Africa.  The  origin  of  its  cultivation  is 
uncertain,  possibly  western  .Asia  or  India  It  is 
one  of  the  oldest  leafy  vegetables,  used  from 
Europe  to  Japan,  Australia  and  the  Americas. 
It  is  oaion  in  many  .\frifan  countries,  e.g.  Cote 
d'lvoire,  Benm,  Cameroon,  Kenya,  I  ganda, 
Angola  and  South  Africa.  It  is  especially  popu- 
lar in  Sudan  and  Egypt,  where  it  is  known  in 
Arnbir  ns  rigla'. 

Uses  The  succulent  stems  and  leaves  of 
pvutdane  have  a  mildly  acidulous  pleasant  fla- 
vour and  are  eaten  in  L'm  n  salads  or  as  a 
cooked  vegetable.  Purslane  m  also  used  as  a 
pothetb.  It  is  occasionally  pickled  like  ghericins 
or  capers.  The  seed  is  also  edible  and  is  made 
into  flour  and  porridge  in  Kenya. 
Pui^slane  has  been  used  in  folk  medicme  since 
ancient  times  and  is  included  in  the  World 
Honlfb  Orgnnization's  list  of  most  widely  used 
medicinal  plants.  It  is  used  as  a  diuretic,  to 
treat  rheumatism  and  gsmaecological  diseases, 
as  a  sedative,  analgesic  and  cardiotonic,  to 
treat  fever,  disonlers  of  the  urinary  traet.  in- 
testinal worm  infestation,  as  a  tonic  and  chol- 
eretic, to  treat  dysentery,  and  as  an  external 
treatment  for  ulrors  errema  and  dermatitis. 
Ash  of  purslane  mixed  with  salt  is  taken  to 
treat  heart  diseases.  Purslane  is  also  a  source 
of  livestock  fodder. 

Production  and  international  trade  Purs- 
lane IS  mamly  collected  from  the  wild  or  grown 
for  home  comsumption  or  local  markets.  Statis- 
tics on  its  production  are  rare;  in  Sudan  it  is 
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grown  on  about  3000  hn. 

Properties  Per  100  g  edible  portion  (76%) 
purslane  oontaina:  water  93.9  g,  em  ru'v  i!7  kJ 
(16  koal)  protein  1.3  \>  fat  0.1  t»  carbohydrate 
3.4  g,  Ca  65  mg,  Mg  68  mg,  1'  11  mg,  Fe  2.0  mg, 
Zn  0.2  mg,  vitamm  A  1320  lU,  thiamin  0.05  mg, 
riboflavin  0,11  in^  nincnn  0  18  mg.  folati-  12  yig. 
ascorbic  acid  21  mg  (USDA,  2002).  The  tat  in  the 
stems,  leaves  and  seed  is  rich  in  the  pclyunsatu- 
ral(Mi  bnolenic  acid.  Purslane  is  reportedly  ricJi 
in  ani  ioxidnnts.  Oxalate  and  nitrato  poisoning 
may  occur  if  used  m  large  quantit  ies  and  people 
with  a  histoiy  of  kidney  stones  should  use  it 
with  caution.  Purslane  may  even  contain  ox- 
alates in  quantities  toxic  to  Uvestock.  Gktats 
givai  mainly  or  only  purslane  for  food  died 
within  weeks.  The  entire  plant  contains  the 
alkaluifl  nofpini'tihrine.  The  red  pigments  in 
purslane  are  acylaled  betac^'anins. 
Aqueous  extracts  of  purslane  showed  muscle- 

rolnxinp  rffort.s  in  rhicK-pn  r.'it.~4  rini!  ^onfs. 
Ethanolic  extracts  showed  significant  analgesic 
and  anti-inflammatory  effects.  In  tests  with 
mici  I  rude  extract  of  purslane  accelerated 
wound  liealing  when  applied  topically,  An 
ethanolic  extract  showed  antifungal  activity 
against  Trichophyttm  dermatophjrtes.  Elxtracts 

of  the  plant  have  showji  ani  ilyrosinasp  a(  ti\  ity 
and  are  being  tested  for  their  skin-whitening 
activity. 

AidulteratioiiB  and  substitutes  Singlo- 
flowcrcd  purslane  (Portnlaca  qiKidrifida  \.) 
and  waterleaf  (Talinum  triaitguUne  (Jacq.) 
Willd.)  are  used  as  substitutes  for  purslane. 

Description  Succulent,  copiously  branched 
erect  or  prostrate  annual  herb;  stem  up  to  50 
cm  long,  glabrous  but  with  hairs  at  the  nodes 
when  young,  green  to  reddish  or  brownish. 

Loaves  alfomato  to  more  or  less  opposite  or  in 
whorls  on  branchktb,  simple;  stipules  absent; 
petiole  1-3  mm  long;  blade  obovate  to  spatu- 

lalr,  0  .5- 1  rm  ^  0.1-2  cm  cimoatc  at  base 
rounded  at  apex,  entire,  inflorescence  a  sessile 
cluster  at  the  brandi  tips,  up  to  8-floweied, 
often  overtopi  *  d  !>>  lu  anches  growing  from  leaf 
axils.  Flowers  bisexual,  regular:  sepals  2  con- 
nate at  base,  ovate-triangular,  3— o  mm  long, 
keeled;  petals  6,  adnate  at  base  to  sepals, 
broadly  obovate,  3—8  mm  long,  yellow,  emargi- 
nate;  stamens  7—12,  connate  at  base;  ovary 
half-in£nior,  1 -celled,  style  with  3-6  arms. 
Fruit  an  ovoid  capsule  c.  4  mm  long,  cfrcum- 
scissile  just  below  the  middle  many-seeded. 
Seeds  orbicular-reniform,  0.5-1  mm  m  diame- 
ter, black,  smooth  to  tuberculate.  Seedling  with 
epigeal  germinatioin;  hypoootyl  1-1.6  cm  long, 


PoHt^aea  oferaeea  -  pUmt  hcAU. 
Source:  PROSEA 

epiratyl  absent;  cotyledons  elliptical-lanceolate, 

rt—7  mm  long,  succuli  ni 

Other  botanical  information  Porftilaca 
comprises  about  150  species,  of  which  about  30 
occur  in  tropical  Africa,  but  opinions  on  species 
delimit  at  inn  differ  cnnsiderably.  pDiiiihtca  ol- 
erucea  is  variable,  with  diploid,  tetrapluid  and 
hexaploid  populations.  Several  subspecies  have 
been  distinguished,  mainly  based  on  seed  size 
and  seed-coat  moi-j)hologj-.  Cultivated  jtLints 
have  been  distinguished  as  subsp.  saiiia 
(Haw.)  SchUbl.  &  Mart.,  being  hexaploid  (2n  - 

I)  and  having  a  robust,  erect  habit  and  large 
seeds.  These  can  best  be  distinguished  as  a 
cultivar  group. 

Growth  and  development  Purslane  com- 
pl(  tcs  its  life  cycle  in  the  tropics  in  2-4  months. 
Early  growth  is  slow,  but  growth  accelerates 
after  2  weeks.  Shoots  root  readily  at  the  nodes. 

Development  seems  not  to  be  influenced  by 
photoperiod.  Flowering  occurs  earlj'  and 
year-roiuid.  Self-pollination  in  the  bud  is  the 
rule.  Fruits  ripen  in  7-12  days  from  flowering 
The  seed  is  easily  dis])orsed  by  water  and  wind, 
with  crop  seeds  or  through  bud  droppings,  Por- 
tulaea  oUmeea  is  characterized  by  the  C4-<ycle 
photosynthetic  pathway,  which  means  it  has  a 
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high  rate  of  photosj-nthcsis  at  high  Ught  inten- 
sity and  temperatures. 

Ecology  Purslane  is  a  weed  of  fields  and 
disturbed  localities,  and  occurs  also  in  '>)K'n 
grassland  and  bushland,  from  sea-level  up  to 
2400  m  altitude.  It  is  usually  grown  as  a  sum- 
mer crop,  requiring  temper.-itures  of  1")-10°C 
with  an  optimum  in  some  cultivars  as  high  as 
dS'C.  Frost  is  not  tolerated.  Near  the  equator  it 
is  ^nnvn  up  lo  an  elevation  of  1800(-2400)  m. 
Purslnnf  requires  nn  nmple  supply  of  wnter 
from  rainfall  or  irrigation,  it  is  tolerant  of  a 
wide  range  of  soils,  but  prefers  sand  or  sandy 
lonnis  It  is  sjilt  tolerant , 

Propagation  and  planting  Under  natural 
omditions,  purslane  gtnerall}''  perpetuates 
its^  by  reseedin^i.  but  stem  fragments  also 
root  easily  after  being  cut.  In  cultivation, 
propagation  is  generally  by  seed.  The  seeds  are 
very  small,  the  lOOO-seed  weight  being  (0.1— 

)n.4-0..'5  R,  and  the  seed  rate  i?;  nhoiit  20  kg/ha. 
Fresh  seeds  need  hght  for  germination,  but 
this  requirement  disappears  in  older  seeds. 
The  depth  of  sowing  markedly  affects  seed 
germination,  planting  at  a  depth  over  '5  cm 
inhibiting  germmaliun.  It  is  recommended  that 
the  seed  be  sprinkled  on  the  ground  and  cov- 
ered light  ly  with  compost.  Plantii^  is  done  in  a 
seedbed  with  light  soil. 

Management  Because  purslane  is  shallowly 
rooted  and  grown  as  a  il' ly  plaiitcii  sliort- 
duration  crop,  the  tojisml  sliDiilil  l>c  ui'  ^ood 
fertility.  Organic  manure  is  recommended  at  a 
rate  of  20-30  t/ha  at  land  preparation.  As  top- 
dressing  40  ku'h.i  "f  urea  may  be  added  3 
weeks  after  piantmg.  Purslane  requires  regu- 
lar watering  at  short  intervals,  3-4  days  in  dry 
warm  weather.  It  tolerates  irrigation  with  sa- 
line drainage  water.  In  Indonesia  it  is  some- 
times transplanted  to  a  spacing  of  30  cm  x  30 
cm  and  grown  for  a  longer  duration. 

Purslrnif  i<  effen  listed  as  oni^  of  the  world's 
worst  weeds,  although  others  consider  it  not 
very  harmful  because  of  its  shallow  rooting.  It 
IS  however  nn  iiiiportant  host  plant  for  root- 
knot  nematotles.  When  contmllini;  it  in  other 
crops,  sprayed  herbicides  such  us  glyphosate 
and  2,4-D  can  be  efifective,  but  seeds  may  ma- 
ture in  the  time  it  takes  for  n  herbicide  to  kill 
the  plant.  It  can  also  be  controlled  with  the 
more  environmentally  friendly  com  gluten 
meal.  Purslane  i  ir  ly  !•  vek^  in  mulched 
areas  and  mulch  placed  over  purslane  will 
usually  smother  it. 

Diaeaaea  and  peata  No  serious  pests  or 
diaeaaea  occur,  but  white  rust  {Albugo  spp.)  ia 


common  during  the  rainy  season  in  Sudan.  A 
common  pest  is  the  rigla  gall  weevil  {Bans 
lanata)  causing  conspicuous  galls.  The  lesser 
army  worm  (S/)oJo/)/e/v/  rxityiKi)  may  attack 
new  unfolding  leaves.  Whitellies  and  aphids 
may  also  affect  purslane. 

Harvesting  Harvesting  can  start  3-4  weeks 
after  sowing,  and  2—3  cuts  at  2-3  week  inter- 
vals are  possible  in  commercial  production. 
Cutting  .should  be  done  low  to  stimulat(>  nvw 
growth.  Once-over  har\'estinp  by  uprooting  is 
also  done.  After  6-8  weeks  flowering  reduces 
the  quality  of  the  crop. 

Yield  In  the  troincs  yields  <if  12-17  t/lia  per 
crop  have  been  reported;  maximum  yields  re- 
ported are  as  high  as  60  t/ha. 

Handling  after  harvest  Purslane  can  be 
stored  in  plastic  boxes  for  2-6  days  at  0-1 'C 
and  high  relative  humidity. 

Oenetic  resotirceB  The  wide  distribution  of 

purslane  indicates  great  trenetic  variability  and 
flexibility,  but  few  germplasm  collections  exist. 
In  1985  indigenous  germplasm  of  Portulaea 
oleracea  was  collected  in  nui  th-eastem  Sudan. 

Breeding  Usually  local  laiuliaees  are  culti- 
vated m  Africa,  but  some  improved  cultivars 
with  larger  leaves  have  been  selected,  e.g. 
'Rumi'  grown  in  Sudan  In  Europe  types  with 
green  leaves  and  yellow  leaves  are  marketed. 

Prospects  Purslane  is  a  nutritious  leafy 
vegetable,  and  more  attention  should  be  given 
to  improving  production  and  marketing  prac- 
tices, e.g.  production  of  clean  rootless  seedlings 
6-8  cm  long  and  packaged  in  trays  covered 
with  plastic  film,  Attention  should  also  be 
given  to  collecting  its  germplasm. 

Major  references  Phillips,  S.M.,  2002; 
Rubatzky,  V.E.  &  Yamaguchi,  M.,  15)97;  Schip- 
pers.  R.R.,  2002a;  Susiarti,  S.,  1993;  USDA, 
2002a. 

Other  references  Andrews,  F.W.,  1960; 

Benvenuti,  S  ,  Macchin,  M  &  Miele.  ,1.  2001; 
Chan,  K.,  islam,  M.VV,,  Kamil,  M.,  Rad- 
hakrishnan,  R.,  Zakaria,  M.N.M.,  HabibuUah, 
M.  &  Attas.  A..  2000:  Duke.  J. A.,  Bogenschutz- 
Codwin.  M.J..  duCelher.  -I  &  Duke.  P.K.  2002: 
Ellis,  D.R.,  Guillard,  K.  &.  Adam,  R.C.,  2000; 
Gbile,  Z.O.,  1983;  Grieve,  CM.  &  Suarez,  D.L., 
1007;  Hernandez  Bermejo,  J.E.  &  Leon,  J. 
(Editors),  1994;  Keay,  R.VV.J.,  I954f;  Maundu, 
P.M..  Ngugi,  G.W.  &  Kabuye,  C.H.S.,  1999; 
Ochse.  J.J.  &  Baldiuizen  van  den  Brink.  R.C., 
1980;  Paloniswnmy,  V.R..  McAvoy,  R.J.  &  Bi- 
ble. B.,  2000;  Stevels,  J.M.C.,  1990. 

Sonreea  of  illnatraiion  Susiarti,  S..  1993. 

Authors  A.E.  El  Jack 
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PORTULACA  QUADRIFIDA  L. 

Protologue  Mant.  pi.  1:  73  (1767). 

Family  ! '<> i  t  u  1 : ic n et^ ae 

Chromosome  number  2»  =  48 

Vemaeular  names  Single-flowered  purs- 
lane, smtill-leaved  purslane,  ten  nclook  plant, 
chickenweed  (En).  Pourpier  (Fr).  Beldroega 
(Po).  Kinyorwe  (Sw). 

Origin  and  geographic  distribution  Pnvlii- 
laca  quadrifida  is  wiHoly  Histributod  in  .Nfrim 
and  tropical  Asia,  and  it  has  been  introduced 
into  the  warmer  areas  of  the  Americas.  In  Af- 
rica it  is  found  in  all  countries,  usually  as  a 
weed,  rarely  cultivated  (e.g.  in  DR  Congo  and 
Rwanda). 

Uses  The  leaves  and  young  shoots  of  Portii- 
laca  quadrifida  are  collected  from  the  wild  and 
are  eaten  raw.  They  have  a  mild  pleasant  fla- 
vour and  are  frequently  used  in  salads.  They 

nrc  also  rnnsumod  ns  a  rooked  vegetable.  In 
India  boiled  leaves  are  mixed  with  sorghum  or 
pearl  millet  flour  in  preparing  a  kind  of  bread. 
Plants  are  a  good  feed  for  pigs,  chicken  and 
other  bu  ds  Larue  types  are  sometimes  planted 
as  an  ornamental  (e.g.  in  Rwanda)  or  as  a  soil 
binder  to  prevent  erosion  (e.g.  in  Kenya).  Med- 
icinally Poriiilacci  quadrifida  is  ii^cd  less 
widely  bul  has  similar  medicinal  applications 
as  PoHulaea  <^«raeea  L.  The  general  uses  are 
as  a  diurelic,  to  treat  rheumatism  and  pynnero- 
locical  diseases  as  a  sedative,  analgesic  and 
cardiotonic,  to  treat  fever,  disorders  of  the  uri- 
nary tract,  worm  diseases,  as  a  tonic  and  chol- 
eretic to  treat  dysentery,  and  Xn  apply  exter- 
nally to  ulcers,  eczema  and  dermatitis. 

Properties  The  nutritional  composition  of 
Porlularn  quadrifida  is  probably  comparable  tO 
f'orhilara  nicrarea.  Pnrtulara  quadrifirln  m.-iv 
contain  oxalates  in  toxic  quantities,  which  may 
cause  death  in  livestock.  In  some  soils  it  also 
tends  fo  aminiiilate  nitralo.^  and  thus  should 
be  consumed  in  moderate  quantities. 

Botany  Prostrate,  mat-forming  annual  or 
short-lived  perennial  herb  with  much- 
branched,  spreadmt;.  articulated,  fleshy  stems 
up  lo  M  cm  long  or  longer,  rooting  freely  from 
the  nodes,  often  flushed  reddish;  nodes  with  a 
dense  whorl  of  whitish  hairs.  Leaves  opposite 
simple,  sessile,  narrowly  elhpticai  to  ovate, 
0.5-1.5  cm  X  1—4  mm,  apex  obtuse  to  subacute, 
smooth,  veins  distinct.  Flowers  sditar^'  at  the 
tips  of  short  lateral  branches,  surrounded  by  I 
involucral  leaves  and  copious  hairs,  bisexual; 
sepals  2,  ovate,  3(-6)  mm  long;  petals  4, 
obovate,  3.6—10  mm  x  4  mm,  usually  j^llow 


(rarely  pinkish);  stamens  7-16,  nrranged  in  1 
whorl;  ovary  half-inferior,  style  usuallj-  with  4 
arms.  Fruit  an  obovoid  capsule  2-3.5  mm  long, 
dehist  inK  near  the  base  leaving  only  a  verv' 
ihm  persistent  rim,  many-seeded.  Seeds  semi- 
orbicular  in  outline,  c.  1  mm  in  diameter,  dull 
grey. 

PoHulaca  comprises  about  150  species,  of 
which  about  30  occur  in  tropical  .Africa,  but 
opinions  on  species  dehmitalion  differ  consid- 
erably. Particularly  the  fji-ouj)  of  sp<'cies  with 
alternate  leaves  is  taxonomically  difficult.  Por- 
tulaea  <juadHfida  is  rather  unique  with  its 
mat-forming'  habit,  but  it  is  very  variable,  par- 
ticularly m  stamen  number  and  flower  size.  In 
Africa  only  Portalaea  pUoaa  L.  has  a  similar 
hahit,  hut  it  has  alternate  leaves,  6  petals  and 
more  numerous  stamens. 

Like  AinaranUius,  J'oiiulaea  is  characterized 
by  the  C4-cycle  photosynthetic  pathway,  which 

means  a  hiph  rate  nf  jihrito^ynthi  sis  at  high 
light  intensity  and  temperatures.  Fresh  seeds 
need  tight  for  geiminatioQ,  but  this  require- 
ment disappears  in  older  seeds.  Generative 
development  seems  not  to  be  influenced  by 
photoperiod.  The  flowers  are  said  to  open 
promptly  at  10  a.m.,  hence  the  Engli^  name 
ten  o'clock  plant'.  Seeds  of  Porhihuti  quadri- 
fida are  easily  spread  by  wind,  water,  with 
crop  seeds  or  trough  bird  dro])pings,  and  as  a 
weed  it  is  difGcult  to  control  because  it  also 
easily  propagates  from  small  fratrmenfs 

Ecology  Porlulaca  quadrifida  is  found  in 
the  wild  on  bare  patches  and  among  rocks,  on 
■^andv  or  stony  soils,  from  sea-level  up  to  2000 
m  altitude  It  is  often  mvoiuntarily  introduced 
by  the  ay;ency  of  man  and  readily  occupies 
newly  disturbinl  arc'as,  oompost  and  rubbish 
heaps  and  fields  In  some  .African  lanpiiapes  it 
IS  called  Lord  of  the  rubbish  heap .  It  is  toler- 
ant of  a  wide  range  of  soils  but  prefers  sand  or 
sandy  l-inr^s 

Genetic  resources  and  breeding  The 
wide  distribution  and  large  variation  of  PoHu- 
laca quadrifida  points  to  f^reat  genetic  flexibil- 
ity that  rapidly  permits  adaptation  to  new  en- 
vironments. 

Prospects  Portutaea  quadrifida  will  remain 
a  minor  veiretable,  only  of  importance  when 
other  vegetables  are  scarw.  Its  nutritional 
oonqioeition  and  medicinal  properties  deserve 
fiirther  investigation.  Cultivation  can  not  be 
recommended  because  it  also  can  behave  as  an 
aggressive  weed. 

Major  references  Burkill,  H.M,  1997;  Gil- 
bert, M.G.  &  PhiUips,  S.M.,  2000;  Katende, 
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A.B.,  Sspgawa,  P.  &  Bimic,  A.,  1999;  Phillips, 
S.M.,  2002;  Susiarti,  S.,  1993. 

Other  references  Freedman,  K.L.  1996; 
Gilbert,  M.G  .  2000:  MMuman  L  .  lO'.lb:  Kok- 
waro,  J.U.,  1993;  Schippers,  R.K.,  2000;  VVest- 
phal.  E.,  1975;  Wild,  H..  1961a. 

Antiiors  P.C.M.  Jansen 


POUZOLZIAGUINEfa4SIS  Benth. 

Protologue  Hook.,  Niger  Fl.;  518  (18 19). 
Family  Urticaceae 

Synonyms  Pmitohia  abyssitiica  (A  Rich.) 
Blume  (1856),  Pouzolzia  deii  cvn-i  De  Wild,  ex 
Th.Dur.  (1900),  ^izolzia  golungenaia  Hiem 

(1900). 

Origin  and  geographic  distribution  I'ou  zol- 
zia  giiineeiisis  is  dislribuled  frum  Senegal 
south  to  Angola  and  east  to  Ethiopia  and  Tan- 
zania. 

Usea  In  DR  Congo  the  leaves  are  eaten  as  a 
cooked  ve^retable.  Medicinal  use  of  the  leaves  in 

DR  Cimtjo  rumiJi  ist  s  wound  healing  and  curing 
stomath-Mc'lie.  In  Cote  d'lvoire  Hsthma  is 
treated  with  a  mixture  of  leaves  kneaded  with 
kaolin,  leaf  sap  is  taken  to  treat  diarrhoea  and 
dysrntory,  and  n  loaf  dcrotlion  is  given 
draught  against  vomiting  durmg  pregnancy.  A 
decoction  of  the  whole  plant  is  taken  as  an 
aphrodisiac. 

Properties  A  trarp  of  alkaloid  ha.<;  boon  re- 
ported m  the  leaf,  but  othei-wise  no  phyto- 
chemical  information  is  available  on  Pouzolzia 
giiinccnsis  or  other  spern-s  efthe  ijeiuis 

Botany  Annual  or  short -Uved  perennial  herb 
l(-2)  m  tall,  brandied.  Leaves  alternate,  sim- 
ple: stipules  free,  up  to  7  mm  x  1  mm;  petiole 
up  to  '^(-^)  cm  long;  blade  lanceolate  to  ovate, 
1.5-9.5  cm  X  0.5-3.5  cm,  base  cuneate,  trun- 
cate or  rounded,  apex  acuminate,  margin  en- 
tire, with  l-ri  pairs  of  lateral  veins,  Tnflores- 
oenoe  an  axillary'  glomerule  oonsistmg  of  l-2(- 
3)  female  flowers  and  a  variable  number  of 
male  nowers.  Flowers  unisexual,  regular, 
small:  mule  tlowers  on  c,  0,5  mm  long  pedicel, 
4(— 5)-merous,  perianth  globular,  c.  1  mm  in 
diameter;  female  flowers  sessile,  ovary  supe- 
rior, ovoid,  enclosed  in  the  perianth  stigma 
protruding.  Fruit  a  compressed  achone  c.  2  mm 
long,  surrounded  by  the  persistent  perianth. 
Pouzolzia  comprises  about  50  species  in  the 
old  World  tropics;  it  is  in  need  of  a  thorouph 
revision.  Pouzolzia  giiineensis  is  variable  and  2 
different  forms  are  recognized  throughout  its 
range.  As  transitional  spedmens  exist,  formal 


taxonomic  recognition  is  not  justified, 

Eicology  Pouzolzia  giiiueonsis  is  found  in 
moist  wooded  grassland,  often  in  the  shade  of 
trees,  in  riverine  forest  and  disturbed  arens, 
e.g.  roadsides,  fallow  and  cultivated  fields,  at 
600-13(X)  m  altitude.  It  is  a  considered  a  weed 
of  especially  tree  crops  (e.g.  cacao,  cola)  and  is 
a  host  of  the  cotton  stainer,  Dyaderciis  aupersii' 
tioaus,  a  pest  of  cotton,  rice  and  peanuts. 

Genetic  resources  and  breeding  In  view 
of  its  wide  distribution  f'oii zohia  guineethM»  is 
not  in  danger  of  genetic  erosion. 

Prospeeta  As  a  vegetable  Pouzolsia 
gltineeiisis  will  remain  popular  locally  The 
lack  of  interest  in  Pouzolzia  guiHeeusis  and 
other  representatives  of  the  genus  from  phar- 
macologists is  surprising,  as  medicinal  use  is 
common  both  in  Africa  and  Asia  A  la.vonomic 
revision  of  the  genus  might  help  as  u  basis  lor 
sound  pharmacological  work  in  the  future. 

Major  references  Riirkill  H.M.,  20(X); 
Friis,  1.,  1989a;  Hauman,  L,,  1948. 

Other  references  Ake-Assi,  L.,  1984;  Ker- 
haro,  J.  &  Bouquet,  A,  1950;  Mulyati  Rahayu, 
2001 

Authors  C.ll.  Bosch 


PttAliciTKULLUS  KiSTULOsus  (Stocks)  Pan- 
galo 

Protologue  Bot.  Zhum.  SSSR  29:  203 
(19-11). 

Family  Cucuibitaceae 

Chromosome  number  2/i  =  2  i 

Synonyms  CUiullua  fialuloaua  Stocks 
(1851),  CitntUus  buuUua  (Thunb.)  Matsum.  & 
Nakai  var.  fialuloaua  (Stocks)  Chakrav.  (1982). 

Vernacular  names  Tinda,  squash  melon, 
round  melon  (En).  Tinda  (Fr). 

Otigfti    and    geograidiic  dislcilnitioii 

Prarritnilhi.i  fi.ttiilostis  is  riilti\  :it  i  I  ;is  a  vege- 
table in  India,  Pakistan  and  Afghanistan.  The 
origin  is  probably  north-western  India,  where 
wild  types  may  still  be  found  in  the  wild.  In 
Punjal).  Uttar  Pradi'sh.  Nhimbay  and  Rajjist- 
han  It  is  quite  important  as  a  cultivated  mar- 
ket vegetable.  Hie  Hindi  name  tinda'  is  com- 
monly used  in  other  parts  of  the  world  In  .Af- 
rica it  is  cultivated  locally,  mainly  in  East  Af- 
rica, as  a  vegetable  for  the  Asian  population.  In 
Ghana  and  Kenya  it  is  grown  as  an  export 
commodity  for  the  I'nited  Kingdom  market.  It 
is  also  grown  on  a  small  scale  m  the  United 
States. 

Uses  The  entire  immature  fruit  is  used  as  a 
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Praeciinillus  fialuloaua  -  planted 

cooked  vegetable.  In  India  the  fruits  are  also 

pirkloH  and  rnndiod  Thr  soc^ds  nrr  ronstoH  nnd 
consumed  in  the  same  way  as  watermelon  or 
e^nisi  seeds.  In  India  tinda  is  used  as  fodder 
nnd  in  medicine. 

Production  and  international  trade  In  Af- 
rica, linda  IS  usually  gruwn  in  small  plots  for 
the  market  and  only  rarely  for  home  eonsump- 

lion.  The  dcm.-ind  is  primnnly  from  people  of 
Indian  origin.  There  is  some  limited  export, 
mainly  from  Kenya  and  more  recently  also 
from  Ghana,  to  the  United  Kingdom.  No  statis- 
tirnl  informntion  is  avnilnblo  on  nrras  under 
production,  market  volumes  and  value.  The 
information  available  indicates  that  the  pro- 
duction of  tind;i  in  Africa  is  very  limited, 
probably  less  than  50  ha  per  year. 

Properties  The  composition  of  tinda  fruits 
per  100  g  odible  portion  is:  waiter  93.5  g,  energy 
89  kJ  (21  kral).  protein  1.4  g,  fat  0.2  g,  carbo- 
hydrate 3.6  g,  fibi-e  1.6  g,  Ca  25  mg,  Fe  0.9  mg, 
P  24  mg,  carotene  13  (i^,  thiamin  0.04  mg.  ribo- 

flavin  0.08  mu..  ni.icin  O.M  mc  nsmrbir  nrid  18 
mg  (Holland,  B.,  Lnwin,  l.D.  &  Buss,  D.H., 
1991). 

Adulterations  and  substitutes  In  dishes 
tinda  fruits  can  he  replac('<i  l>y  bottle  gourd, 
squash  or  similar  cooked  cucurLnl  fruits. 

Desoiiptlon  Monoecious,  annual,  climbing 
or  trailinp  herb  with  robust,  villous  hnirj' 
stem;  tendrils  2-4(-5)-fid,  slender.  Leaves  al- 
ternate, simple;  stipules  absent;  petiole  c.  6  cm 
long,  hirsute;  lamina  ovate  in  outline,  c.  15  cm 
lonp  shnllnwiy  pinnntifid,  cordate  at  base, 
mtagin  finely  dentate,  hispid  hairj*.  Flowers 
usually  solitary  in  leaf  axils,  comparatively 
small,  c.  3  cm  in  diameter,  regular,  S-merous, 


with  short  pedicel;  calyx  campanulatc;  petals 
connate,  yellow,  hairj';  male  flowers  with  3 
stamens;  female  flowers  with  inferior,  globose, 
hairy  ovary,  stitrmas  3.  Fruit  a  glubusc  or  de- 
pressed-globose beriy  6-12  cm  in  diameter, 
hispid  when  immature,  glabrous  when  mature, 
pale  to  dark  green  outside,  creamy  white  to 
pale  green  inside,  many-seeded.  Seeds  ovate- 
oblong  in  outline,  compressed,  c.  8  mm  long, 
with  ridged  margin,  smooth,  black. 

Other  botanical  information  fnn'rifrul- 
lus  comprises  a  single  species,  which  was  for- 
merly classified  in  CUrulbta.  However,  it  dif- 
fers from  species  of  this  genus  in  its  basic 
chromosome  number  and  poUra  moiphology, 
and  by  the  absence  of  urease  in  the  seed.  The 
firuit  rind  of  tinda  is  thinner  and  softer  than 
the  usually  solid  and  thick  nnd  of  watermelon 
and  cooking  melon.  Crosses  between  CUrullus 
and  PraecitruUus  have  not  been  successful. 

Molecular  data  confirm  the  separate  position  of 
Praecitmliua  fistuloaus  and  indicate  a  close 
relationship  with  Benincasa  luspida  (Thunb. 
ex  Murray)  Cogn. 

Growth  and  development  Emergence  of 
the  seedling  lakes  5—7  days  from  sowing.  Ger- 
mination is  epical  with  full  opening  of  the 
cotyledons  after  10  days.  The  development  is 


Pixtecilmlhis  fial it  loans  -  I,  pari  of  flou  enug 
stem;  2,  young  fruit;  3,  mature  fruit. 
Redrawn,  and  adapts  by  lakak  Syennmidia 
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similar  to  that  of  watermelon,  but  the  main 
branches  of  tinda  are  shorter,  so  that  the 
plantH  are  smaller.  Male  flowers  open  about 
onr  vvt  i  k  lii'fdic'  the  female  oiies.  Pollination  is 
predomuiantly  by  bees.  The  fruits  are  read}'  to 
harvest  in  13—15  weeks  from  sowing,  depend- 
ing on  tt'iiipif.:if ui'c  am!  k>'< '^v in g conditions. 

Ecology  Tmda  is  mamly  cultivated  in  the 
lowlands,  from  sea-)evel  up  to  approximately 
lOOO  m  altitude.  It  likes  warm,  sunny  condi- 
tions of  2o— nt  daytime  and  18°C  or  more 
during  the  night,  and  performs  less  well  in 
cooler  and  humid  areas.  In  India  it  is  either 
grr)\vn  ill  till'  (liy  season  (February  to  end  of 
April)  or  in  the  rainy  season  (mid-June  to  end 
of  Juljr).  Tinda  prefers  light  or  sandy  soils 
where  its  roots  can  penetrate  easily.  Moder- 
ately fertile  to  fertile  soil  is  required  for  early 
closure  of  the  vegetative  cover. 

Propagation  and  planting  Seeds  are  sown 

directly  on  ridtjes  or  on  flnt  l.ind  .-irtor  the  .soil 
has  been  prrit.ircd  either  manuail}'  or  me- 
chanically by  ploughing,  harrowing  or  ridging. 
Tinda  is  primarify  grown  as  a  sole  crop.  Three 
or  four  seeds  are  sown  per  hill  at  a  depth  of  2-3 
cm,  spaced  at  approximately  90  cm  x  150  cm. 
The  seedlings  are  thinned  to  one  or  two  per  hill 

at  .'5-1  weeks  after  sowing  when  (hey  h;nc  1 
true  leaves.  This  leaves  a  plant  population  of 
ahout  10,000  plants  per  ha. 

Management  In  case  of  prolonged  drought, 
irrigation  is  i-eqoired  before  ploughing  Fertil- 
izer applications  depend  on  the  nutrient  status 
of  the  soil.  In  general  a  fertilizer  appUcation  at 
a  rate  of  50  kg  X  20  kg  P  and  20  kg  K  per  ha  is 
needed.  Watering  2->3  times  per  week  is  rec- 
ommended during  the  dry  season.  One  or  two 
weedmgs  are  required  before  I  he  stems  cover 
the  soil  attained  in  H— 8  weeks  after  sowing. 
From  this  stage  movement  in  the  crop  should 
be  reduced  to  a  minimum  to  avoid  damaging 

the  plant  s 

Diseases  and  pests  The  range  of  diseases 
that  can  be  seen  in  tinda  corresponds  closely 
with  that  of  watermel<m.  The  most  serious  fun- 
gal diseases  are  downy  mildew  (Pxriido/n'roiio- 
spora  cubensiji)  and  to  a  lesser  extent  powdery 
mildew  (Erysiphe  cichoraeeamm  and  Sphaero- 

titeea  fiiUfiitira)  which  can  be  conl i-<illed  by 
spraying  a  carbamate  fungicide.  Choumphora 
eueuihUarum  causes  wet  rot  of  the  fruit  and 
another  major  disease  of  the  fruit  is  anthrac- 
nose  caused  by  Collelotrichiifn  ^loeospnrinidcu. 
These  diseases  may  be  controlled  chemically, 
e.g.  by  a  weekly  spraying  with  fungicides  such 
as  benomyl  for  3-^  weeks,  liiere  are  also  sev- 


eral virus  diseases  that  can  cause  severe  fruit 
abortion,  defoliation  and  fruit  distortion.  These 
viruses  are  usually  transmitted  by  aphids 
{Apliin  sp|i.)  ihrips  and  white  Dies  (Bi'iuisia 
tabaci).  Virus  infections  can  be  reduced  by 
spraying  appropriate  insecticides  and  by  early 
planting  before  the  heavy  rains.  The  most  seri- 
ous pests  are  melon  fruit  fly  (Dacus  spp.)  and 
leaf  beetles  (Epilaehna  ehrysomelineC^,  which 
can  be  control  I<m1  with  insecticides. 

Harvesting  Tinda  is  h.irvested  at  the  nearly 
mature  green  stage  when  the  fruit  has  a  di- 
ameter of  10-12  cm  and  the  seed  is  still  soft. 
Harvesting  can  take  place  about  two  weeks 
from  Iruit  set,  depending  on  prevailmg  mois- 
ture and  temperature  conditions.  The  fruit 
stalk  is  cut  short  to  avoid  damage  to 
neighbouring  fruit 

Yield  Up  to  4  Iruils  of  about  500  g  each  can 
be  harvested  per  plant.  In  India,  an  average 
yield  of  10  t/ha  is  reported 

Handling  after  harvest  Tinda  fruits  are 
usually  packed  in  cardboard  boxes  to  protect 
their  skin,  which  is  more  delicate  and  softer 
than  those  of  mature  watermelon  fruits. 

Genetic  resources  A  collection  of  3 1  acces- 
sions is  maintained  at  the  Southern  Regional 
Plant  Introduction  Station,  Gri£Bn,  GA,  United 
States. 

Breeding  Imjooved  varieties  have  been 
developed  by  the  Institute  of  1 1  n  p  iili  ur.il  Re- 
search, Bangalore  India  and  by  I'lmjnb  .\gii- 
cultural  L'niversity,  Ludhianu,  India.  Breeding 
work  focuses  on  earliness,  t«idemess  of  the 
fruit,  fruit  size  and  yield.  Arka  and  Dilpas' 
are  cultivars  mtroduced  from  India  to  Kenya. 
In  India  cultivars  with  daric  green  fruits  and 
with  pal(  gi  rt  n  fruits  are  recognized,  the  latter 
beinsj  pn  I'l  i-i-i  d. 

Prospects  1  mda  is  at  present  of  minor  im- 
portance in  Africa,  but  growing  may  increase 
slightly  for  the  city  market.'i  in  East  Africa  and 
for  export  to  the  United  Kingdom. 

Major  references  Chadha,  M.L.  9t  Tarsem 
Lai.  1  ;):•:'>  (nioudhury.  B,.  1977;  CSIR.  19.50; 
IIullan<i  U  .  Unwin,  l.D.  &  Buss.  D.IL,  1991; 
Whitaker,  T.W.  &  Davis,  G.N.,  1962. 

Other  references  Hopkins,  D.L.  &  lliomp- 
son  CM,  2002;  Nazimuddin,  S.  &  Shahaiyar 
H.  Naqvi,  S.,  1984. 

Sources  of  illastraiion  Stodcs,  J.E..  1851. 
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PsoPHOCARPUS  SCANDENS  (Bndl.)  Verdc. 

Protologue  Taxon  17:  539  (1968). 

Family  F^ipilionaoeae  (Leguminosae  -  Papilio- 

noideae,  Fabaoeae) 
Cliromosome  munber  2n  =  18 

Synonyms  Psuphocarpn}!  }<tum>pcthanulatua 
Ilassk.  (1842),  Psophocarpua  paluatiia  auct. 
non  Desv. 

Vernacular  names  African  winged  bean, 
tropiinl  Afrirnn  winded  hr-nn,  kikalnknsn  (En). 
Pois  aile  at'ncain,  kikalaliasa  (Fr).  Mabala  (I'o). 

Origiii  and  geographic  distribniioii  African 
winged  bean  is  a  mmnion  wild  plant  in  (Vntral 
and  East  Africa  and  tiie  Indian  Ocean  islands, 
extending  to  eastern  West  Africa  (Nigeria)  and 
the  northern  part  of  southern  ^^frica  (Malawi, 
Zambia,  .\ngola,  Mozamliiqiu')  It  has  been 
introduced  in  Jamaica  and  BrazU,  where  it  is 
naturalized.  A  recent  promotion  campaign  in  DR 

ConRo  mnrlo  it  a  quiio  popular  \-cf^('talilo  for 
home  gardens  and  a  commercial  crop  for  local 
maikets,  especially  around  Kinshasa.  It  was 
introduced  as  a  cultivated  leafy  vegetahle  in 
seveial  African  countries,  but  acceptance  was 
minimal,  although  the  trials  have  been  suc- 
cessful from  the  production  point  of  view. 

Uses  The  main  product  of  African  winged 
bean  are  the  leaves  and  young  sprouts,  con- 
sumed as  potherb.  The  immature  fruits  and  ripe 
seeds  are  also  eaten.  In  DR  Congo  African 
winged  bean  loaves  ore  rrmmmended  as  a  ca- 
lactagogue  for  women  who  are  breastfeeding. 
The  leaves  made  into  a  poultice  are  applied  in 
the  treatment  of  lumliatco,  wounds  and  haemor- 
rhoids. A  tea  from  the  leaves  is  taken  to  reUeve 
stcunach-ache.  Paopkoeatput  a&mdena  is  grown 
as  a  cover  crop  in  Africa  and  Asia,  e.g.  in  oil 


Paophoearpus  aeandma  -  wild 


palm  or  rubber  plantations,  whereas  the  leaves 
mixed  with  other  legumes  and  grasses  are  used 
as  fodder. 

Prodtiction  and  international  trade  African 
wmged  bean  is  mamly  collected  from  the  wild, 
but  it  is  grown  in  home  gardens  and  in  DR 
Congo  also  for  local  markets.  No  international 
trade  is  known  to  exist. 

Properties  In  DR  Congo  young  fresh  leaves 
were  found  to  contain  per  100  g  edible  portion: 
water  82  p,  protein  7  1  g.  fat  2.2  g,  carbohydrate 
5.8  g,  Ca  565  mg,  1'  65  mg,  Mg  270  mg.  The  nu- 
tritional composition  of  young  fruits  per  100  g  is: 
water  87  g.  protein  g.  fat  0.?-,r,  ^_  l  arbohydrate 
7.3  g,  Ca  297  mg,  P  61  mg,  Mg  200  mg  (Harder, 
D.K.,  Lolema,  O.P.M.  &  Tshisand,  M.,  1990). 

Adulterations  and  substitutes  The  taste 
of  eru  (Gnofuin  spp.)  is  rather  similar  to  the 
cheaper  and  more  widely  available  African 
winged  bean  leaves. 

Description  Perennial  climbing  or  twining 
herbi  stem  up  to  6  m  long,  glabrous  or  sparsely 
pubesooit.  Leaves  alternate,  3-foliolate;  stip" 
ules  oblong-lanceolate,  1-1.5  cm  long,  spurred, 
persistent:  petiole  .5-18  cm  long,  rachis  1-5  cm 
lung;  leaflets  ovate-rhumboid  to  broadly 
rounded,  2.6—12  cm  x  2-10  cm,  cuneate  to 

truncate  at  base  acut(>  or  aciiminalc  at  apex, 
occasionally  3-lubed,  glabrous  ur  glabrescent  on 
both  surfaces,  margin  often  ciliate.  Inflores- 
cence a  few-  to  many-flowered  pseudoraceme; 
pedimcle  .H-K)  cm  long,  rachis  .'i-12  cm  long, 
pubescent;  bracts  semi-caducous,  up  to  1  cm 
long,  bracteolee  per«stent,  up  to  1.5  cm  long. 
Flowers  bisi'xual,  papilionaceous;  pedicel  2-6 
mm  long,  pubescent;  calyx  with  tube  5—7  mm 
long,  lobes  unequal,  up  to  3.6  mm  long;  corolla 
with  obovate-obloQg  standard  up  to  2  cm  x  1.5 
cm,  pale  blue  or  mauve,  emnrginafe,  blue-Iilac 
wii^s  and  blue-lilac  or  whitish  keel;  stamens 
10,  9  with  fused  filaments  and  1  free  or  some- 
what connate  in  the  middle;  ovary  superior 
oblong,  1 -celled,  style  bent,  with  a  row  of  hairs 
below  the  stigma.  Fruit  an  oblong  pod,  square 
in  cross-section.  3. .5-8  cm  x  6-7  mm.  promi- 
nently 4-winged.  tjlalirous.  l-S-setnled.  Seeds 
oblung  to  cylindrical,  (5-)6— 7.5  mm  x  (3.5— )5-6 
mm,  blackish-purple,  with  minute  granular, 
oranpo  easily  removable  tomentum  or  brown 
siUiy  hairs  on  the  edges.  Seedling  with  epigeal 
germination. 

Other  botanical  informatioH  Psophocar- 
ptis  comprises  about  10  species  one  of  which  is 
only  known  from  cultivation:  wmged  bean, 
Psophocarpua  tetragmiolobus  (L.)  DC.  The 
other  species  are  all  native  to  tropical  Africa. 
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Paophoearpu$  tcandma  -  1,  pari  of  fUuvering 

stem;  2,  Inhrd  IraPrt:  H  fnill:  I  .s-ny/ 

Redrawn  and  adapted  by  Aclimad  Saliri  A'ur- 

hanion 

Psnphncarpiis  srnnrlni s  is  riosriy  rcliilcd  to 
Psopliocarpus  palustns  Uesv.,  which  occurs 
from  Senegal  to  Sudan.  The  latter  species  is 
also  k(v>\vn  as  African  wintjed  bean  and  is  still 
often  cuntoLinilcd  with  I'sophocarpus  acaiidena. 
PsophoearptLH  pabtstris  differs  from  Psopko- 
carpus  scandem  in  its  loaflpts  which  nro  usu- 
nlly  moro  hain-  hfMioafh  Hs  shorirr  bractr-nlrs 
(up  to  6.5  mm  long)  and  usually  shorter  fruits 
(2.6-6.5  cm).  In  the  region  where  the  distribu- 
tion  arras  of  the  two  sporics  nifM-t  (Xitjorin  to 
Sudan)  some  mtermediat«  specimens,  perhaps 
hybrids,  have  been  found.  Most  agronomic  in- 
formal mn  imblinhed  under  Psophocarpua  pal- 
uatris  should  bi'  attrilnitt-d  to  Psup}iocarpus 
scandens.  However,  Psupltucuipiis  palustris  is 
undoubtedly  similarly  used  as  a  vegetable;  the 

young  fruits  nrr  rnton  in  Srnocal. 
Leaves  and  young  pods  of  Paophocarpus  grcui- 
diflorus  R.Wilczek  are  eaten  in  DR  Congo  after 
boiling  in  water  or  milk,  Roasted  seeds  are  also 
entrn.  Wooden  statuary  and  nrtofacts  aro 
rubbed  with  the  leaves  to  darken  them.  The 
strong  shoots  serve  for  tying  purposes.  A  leaf 
infusion  is  given  to  induce  labour  in  humans 


and  cattle.  Paophocarpus  grandiflonia  has  lar- 
ger flowers  than  Psopliocarpus  scaiidens  and  is 
restricted  to  high-altitude  areas  in  eastern  DR 
Congo.  Kthii>|>ia  and  I'ganda 

Eksology  in  the  wild,  Paophocarpus  scaiideiis 
occurs  in  lowland  areas  up  to  1000  m  altitude, 
in  DR  Congo  in  letjions  w  itli  an  annual  rainfall 
of  1200—1800  mm  and  a  mean  annual  tempera- 
ture of  26*C.  It  prefers  swampy  localities,  peri- 
odicaUy  Hooded  forest  and  river  banks,  but 
occurs  also  in  drier  localities,  e.g.  in  grassland, 
thickets  and  fallow  land. 

Propagation  and  planting  The  seeds  are 
ver\'  hard  and  can  be  kept  for  several  years.  They 
require  scarification  before  plantmg.  The  weight 
of  100  seeds  is  9-10  g.  I^e  spacing  depends  on 
tlj  111!  thod  of  growing.  When  grown  on  flat 
land  a  distance  of  50  cm  x  oO  cm  is  adequate; 
when  allowed  to  climb  fences,  trellises  or 
shrubs  in  the  garden,  one  or  two  seeds  are 

pla<-f(l  near  the  base  of  the  support. 

Management  Early  weeding  is  requii'ed  as 
initial  growth  is  slow.  In  DR  Congo,  people 
plant  African  winged  bean  on  open  land,  often 
in  association  with  sweet  potatoes.  It  is  also 
planted  as  a  cover  crop  in  agricultural  systems 
with  banana,  maize,  cassava,  oil  palm  and  rub- 
ber. 

Diseases  and  pests  Paophocarpua  acaiidena 
is  generally  little  affected  by  diseases  and 
pests.  It  is  resistant  to  several  diseases  and 
pests  offncting  Psophnrnrpiis  fcfraffrinoliibus 
such  as  false  rust  {Synchylrium  psophocarpi) 
and  dark  leaf  spot  (Paeudoeercospora  psopho' 
carpf).  It  is  also  less  susceptible  to  necrotic 
mosaic  virus  and  flower  bUght.  The  nematode 
Heterodera  marioni  attacks  it  in  Mauritius  and 
Sumatra  (Indonesia).  In  DR  Congo  brucfaid 

weevils  attack  tbe  seed. 

Harvesting  The  leaves  are  mainly  picked 
bef(M«  the  planta  set  fitut. 

Handling  after  harvest  Tlie  leaves  can  he 
dried  and  powdered  for  long-term  conservation. 
The  seeds  can  be  roasted  and  give  good  fbur. 

Genetic  resources  African  w  inued  bean  is 
a  common  wild  jilant  w  bicb  is  not  in  danger  of 
genetic  erosion.  The  Inlernulionai  Institute  of 
Tropical  Agriculture  (IITA),  Ibadan,  Nigeria 
and  the  Southern  Regional  Plant  Introduction 
Station,  Griflin,  Georgia,  United  States  hold 
collections  of  P9<^hocarpus  germplasm  includ- 
ing a  few  accessions  oi  Paophocarpua  acaadmo. 

Breeding  Efforts  to  cross  Psnphncarpti a 
scandens  with  Paophocarpus  ielragonolobus, 
which  has  the  same  chromosome  number,  have 
failed,  probably  because  of  difEerences  in  kaiyo- 
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type.  If  mtcrspccific  hjbrids  can  be  obtained, 
they  will  probably  be  sterile,  so  it  will  not  be 
easy  to  transfer  genes  for  disease  and  pest  re- 
sistiiiico  from  Pfio/ilnicarpiia  seond&is  to  Pao- 
pilocarpus  telragonolobus. 

Prospects  African  winged  bean  is  a  nutri- 
tious and  efisy  to  grow  \  ctji  tMlilc  There  is  a 
need  for  breeding  of  improved  cuitivars,  to- 
gether with  research  on  cultural  practices. 

Major  references  Harder,  D.K.,  Lolema, 
O.P.M.  &  T.shisnnd  M  IHOO;  Latham  P. 
2002;  Masted,  N.,  1990;  Maxted,  N.,  1991;  Pau- 
lu8,  J.,  1997;  Pickersgill,  B.,  1980a;  Sdi^ers. 
R  R  .  2002.1  \-.  rdcourt.  B.  &  Halliday,  P.,  1978; 
Wuhjarm-Soetjipto,  N.,  1997. 

Odier  refbrenoes  Drinkall,  M.J.  &  Price, 
T.\'  HfSO;  Gunasekcra  S  A,  Shanthichandra. 
W.K.X  &  Price,  T.V..  1990:  Harder.  O.K. 
1992;  Klauer,  S.F.,  Franceschi,  V.R.,  Ku, 
M.S.B.  &  Zhang,  D.-Z,  1996;  Madcinder,  B.. 
Pasquot,  R.  Polhill,  R  &  Vordcourf,  R.  2001: 
Mulongoy,  K.  &  Akobundu,  1.0.,  1992;  Tong, 
T.H.,  Tjong,  J.K.  &  Lubis,  I  P.,  1961. 

Sources  of  illustration  Verdoourt,  B.  & 
Halliday  P  1978. 
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PsOfHOCAKPUS  TETRAGONOLOBUS  (L.)  DC. 

Protologue  Prodr.  2:  403  (1825). 

Family  Pnpilionaoeae  (Leguminosae  -  Papilio- 
noideae,  Fabaceae) 

Cliromosome  number  2n  =  18 

Vernacular  names  Winged  bean,  wing 
bean,  asparagus  pea,  Goa  bean  (En).  Pols 
carri,  haricot  ail^  ^).  Fava  de  cavalo  (Po). 

Oicigin  and  geogtaphic  «]i«ttibution  Fsopho- 
carpus  tptirtgnunlohtis  is  known  only  in  cultiva- 
tion; truly  wild  specimens  have  never  been 
finind.  The  greatest  divernty  is  found  in  New 
Guinea  and  fho  hills  of  north-onstorn  India  and 
neighbouring  Mj'anmar  (Burma),  which  are 
probable  centres  of  domestication.  Since  the 
1960s  winged  bean  has  been  promoted  strongly 
by  intemationid  organizations  as  a  multipur- 
pose crop,  and  it  has  been  introduced  and 
tested  in  research  stations  in  most  countries  of 
the  tropirs  inrluding  those  in  tropical  Africa. 
Yet  at  present  it  is  only  rarely  found  in  home 
gardens  or  cultivated  by  farmers. 

Uses  Immature  fruits  are  most  commonly 
used  for  consumption.  They  aro  tender  but 
insipid  and  less  appreciated  than  French  bean 
or  yardlong  bean.  The  consumption  of  young 
leaves  is  quite  common  in  Asia,  either  cooked 


or  in  salads.  In  Myanmar  (Burma)  and  New- 
Guinea,  special  cuitivars  are  grown  for  the 
tuberous  roots  resembling  small  sweet  pota- 
toes. The  international  promotion  nf  winged 
bean  in  research  and  extension  focused  on  the 
nutritional  value  of  the  dry  seed  as  a  pulse,  but 
this  has  not  led  to  wide  use.  Much  research  has 
been  devoted  to  processmg  and  use  of  winged 
bean  flour,  e.g.  as  a  protein  supplement  in 
bread-making  and  as  animal  feed.  The  seeds 
can  bo  used  for  making  edible  oil  milk  and 
fermented  pi-oducts  similar  to  soya  bean  prod- 
ucts, and  the  whole  plant  as  well  as  processed 
seeds  a  if  go<id  animal  feed,  Winged  bean  is 
sometimes  found  as  an  ornamental  because  of 
its  attractive  flowers.  In  tropical  Africa  these 
uses  are  rare.  In  fact  only  iJie  use  of  the  green 
fruits  and  occasionally  leaves  and  dry  seeds  is 
relevant  for  tropical  Africa. 
Production  and  international  trade  Winged 

bran  is  lornlly  grown  in  home  gardens  in  some 
African  countries  for  domestic  consumption.  No 
data  on  production  or  trade  are  available. 

Properties  The  composition  of  young  fruits 
per  100  g  edible  portion  is:  water  90  g  energy 
1 13  kJ  (27  kcal),  prolem  2.G  g,  fat  0.5  g,  carbo- 
hydrate 4.9  g,  fibre  1.9  g,  Ca  64  mg,  Mg  34  mg,  P 
:')7  mg  Fe  0.8  mg,  vilamin  ,\  i(;'2  II'  thiamin 
0.21  mg,  ribuilavin  U.l  mg,  niacm  0.8  mg,  ascor- 
bic add  16  mg  (Rubatr.ky.  V.E.  &  Tamaguchi, 
M.,  1997).  The  composition  of  leaves  per  100  g 
edihlr  portion  is:  water  7<;.9  g  (merg>'  .110  kd  (74 
kcal),  protein  5.9  g,  fat  1.1  g,  carbohydi-ate  M.l  g, 
Ca  224  mg,  N%  8  mg,  P  63  mg,  Fe  4.0  mg,  7xi  1.3 
mg.  vitamin  A  8090  II*,  thiamin  0.8  mg  rihofia- 
vin  0.6  mg,  niacin  3.5  mg,  folate  IG  pg,  ascorbic 
add  46  mg.  The  composition  of  mature  diy  seeds 
per  100  g  edible  portion  is:  water  8.3  g,  energy 
1712  kd  t  lO'>  kcal)  protein  29.7  g,  fat  10.-3  g, 
carbohj'drate  11,7  g,  Ca  MO  mg,  Mg  179  mg,  P 
461  mg,  Fe  13.4  mg,  Zn  4.6  mg,  vitamin  A  0  lU, 
thiamin  1.0  mg,  riboflavin  0  In  mg,  niacin  •'^.1 
mg,  folate  45  pg,  ascorbic  add  0  mg.  The  compo- 
sition of  the  tubers  per  100  g  edible  portion  is; 
water  .57.1  g.  energy  620  kJ  (1  18  kcal),  protein 
11.6  g.  fat  0  9  g,  carlioh\drat.^  28.1  g,  ("a  m  mg. 
I'  46  mg,  Fe  2.U  mg,  vitamin  .A  0  lU,  thiamin  0.4 
mg,  riboflavin  0.16  mg,  niacin  1.6  mg,  folate  19 
ug,  ascorbic  acid  0  mg  (1 'SDA  2002), 
The  food  value  of  winged  bean  fruits  is  compa- 
rable to  that  of  Frendi  bean  and  yardlong 
bean,  and  that  of  the  leaves  to  othci  l.n  k  green 
leaty  vegetables.  The  composition  of  lh>'  .seed  is 
comparable  to  soya  bean,  its  amino  acid  spec- 
trum being  similar.  Improved  cuitivars  with  up 
to  37%  protein  in  the  seed  exist.  The  lysine  and 
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threonine  content  is  high,  while  methionine 
and  Q'stine  ore  limiting  amino  acids.  The  oil 
resembles  that  of  groundnut.  Oleic  and  linoleic 
acids  make  up  ah()Ut  (".7%  of  the  total  fatty  acid 
component  and  saturated  fatty  acids  29%.  The 
easily  refined  oil  is  reasonably  stable,  with  a 
high  tocophi'i'o!  content. 

The  seed  contains  several  potent  proteinase 
inhibitors  active  e.g.  in  HeUothia  annigera.  It 
has  been  suggested  that  transfer  of  t  he  rele- 
vant genes  tn  other  rrops  niny  ninlsc  these  re- 
sistant to  the  caterpillar,  for  which  chemical 
control  is  becoming  increasingly  difficult. 

Adxilterations  and  substitutes  In  vegeta- 
ble dishes  other  leguminous  fruits  may  as  well 
be  used,  e.g.  pods  of  French  bean,  pea,  oowpea 
or  yardlong  bean  The  dn,-  seeds  may  be  re- 
plaied  liy  soya  bean  lima  bean,  cowpea  or 
other  pulses.  The  edible  leaves  of  the  wild  and 
cultivated  African  winged  bean  (Pn^hoearpus 

.imndtvi.i  (Kndl.)  \'erf1r.)  rnn  be  used  as  substi- 
tutes for  the  leaves  of  winged  bean. 

Description  Perennial  cUmbing  or  twining 
herb,  usually  grown  as  an  annual;  roots  nu- 
merous, with  [una  lateral  roots  runnmu  hori- 
zontally at  shallow  depth,  and  some  becommg 
thidc  and  tuberous;  stem  up  to  4  m  long,  ridged 
stipules  ovate-lanceolate,  c.  1  cm  long,  qiurred, 


Psophocaipus  It'lragoiiolobus  -  1,  pari  of  flou  - 
ering  branch;  2,  tuber;  3,  fruit;  4,  seed. 
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and  glabrous.  Leaves  alternate,  3-foliolatc; 
persistent;  petiole  3-12  cm  long  rachis  1.5-5.5 
cm  long;  leaflets  ovate-triangular  1-15  cm  x 
3.5-12  cm.  truncate  to  rouiuled  ;il  imse.  acute 
at  apex,  glabrous  or  glabrescent  on  both  sur- 
faces. Inflorescence  a  2-10-flowered  pseu- 
dor.iceine:  peduncle  5-15  cm  long,  rachis  1-10 
cm  long,  slightly  pubescent;  bracts  semi- 
caducous,  minute,  bracteoles  persistent,  up  to 
0.~)  em  long.  Flowers  bisexual,  papilionaetHius; 
pedii'o]  up  If)  n  mm  long  slightly  iniln  scent 
calyx  with  tube  1-G  mm  long,  lobes  unequal,  up 
to  2  mm  long,  green  to  dark  red-purple;  corolla 
blue  mauve,  creamy  or  reddish,  with  almost 
circular  to  broadly  oblong  st.uidard  up  to  4  cm 
X  3.5  cm,  emarginate,  \vings  and  keel  slightly 
shorter;  stamens  10,  9  with  fused  filaments 
and  1  free  or  somewhat  connate  in  the  middle; 
ovary  superior,  oblong,  1 -celled,  style  bent, 
with  a  row  of  hairs  below  the  stigma.  Fruit  an 

oblong  to  linear-oblong  pod  square  in  rross- 
section,  6-40  cm  x  2-3.5  cm,  prominently  4- 
winged,  glabrous,  5-21-seeded.  Seeds  almost 
yloln  so  0.5-1  cm  in  diameter,  yellow,  brown  or 
lilack  sometimes  white,  sometimes  mottled, 
glabrous,  with  a  small  aril.  Seedling  with 
epigeal  germination. 

Other  botanical  infoxmation  Psnphncar- 
pus  comprises  about  10  species,  all  native  to 
tropical  Africa,  except  Psophocarpus  tetrtt- 
g()noh)hii9.  Some  authors  consider  the  wild 
Psnphnrarpiis  ssrniidiflnni s  R  Wilrzek  others 
Psophocarpus  scaiulens  (Endl.)  Verde.  (African 
winged  bean),  as  progenitor  of  Paophoecupus 
tclids^onolohiis.  Psi)}>hi>C(iri>iin  jxiliisti  i.i  Desv  is 
also  closely  related.  However,  it  has  also  been 
suggested  that  Pitophoearptu  Mragonolohiu 
dev(>loped  from  an  extinct  wild  Asian  species. 
It  is  characterized  by  its  comparatively  large 
flowers,  short  bracteoles  and  glabrescent 
leaves,  and  by  its  often  loi^  fruits. 

Growth  and  developillieilt  Emrrgrnco  of 
the  seedling  under  field  conditions  occurs  5-7 
days  after  sowing.  Tonperatures  around  25M! 
appear  most  suitable  for  germination  and 
growth  The  fibrous  root  system  with  large  X- 
fi.\ing  nodules  (up  to  1.5  cm  in  diameter)  grows 
in  proportion  to  the  shoot  until  about  3  months 
after  planting.  In  tuberous  rultivnrs,  increases 
in  root  diy  weight  continue  beyond  the  &^ 
month  after  planting.  After  about  2  months  the 
plants  start  flowering,  although  smnt  local 
cultivars  require  as  long  as  o  months.  The 
flowers  are  mostly  self-pollinated.  Fruit  devel- 
opment is  not  greatly  affected  by  environ- 
mental conditions.  Maximum  fruit  length  and 
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mnturity  nrrur  about  20  days  and  65  days  after 
pollination,  respectively. 

Ecology  Winged  bean  is  best  adapted  to 
equatorial  climates.  It  is  cultiviited  iVom  sea- 
level  up  to  2000  m  altitude,  but  does  not  toler- 
ate night  firost.  Day  temperatures  of  25-3 2°C 
and  iiit,'ht  lemix-raturt's  ahove  18°C  are  optimal 
lor  growth  and  reproductive  development.  Tu- 
ber initiation  is  favoured  by  cooler  conditions. 
\\'in^'t><l  bean  requires  at  least  1000  mm  annual 
rainfall  but  is  intolerant  to  \v.itfr1oi:<:inp. 
Wmged  bean  is  a  quantitative  shurl-day  plant, 
flower  inductioi  requiring  a  critical  daylength 
of  around  12  hours  The  response  to  daylength 
varies  with  genotype,  temperature  and  light 
intenaity;  some  cukivars  are  day  neutral 
Winged  bean  thrives  on  a  range  of  soil  types 

Wil  h  •)  I  iH  aboVf'  'yfy. 

Propagation  and  planting  Winged  bean  is 
normally  propagated  by  seed,  but  tubers  may 

also  be  used.  The  seeds  are  wry  hard  and  ran 
be  kept  for  several  years  but  old  seed  requires 
Bcarificatian  before  plant  ing.  Sowing  2^  seeds 
per  hole  can  be  practised  <m  raised  beds;  spao- 
ings  are  10-60  cm  in  the  row  and  90-100  cm 
between  rows.  The  1000-seed  weight  ia  about 
260  g;  seed  requirement  10-16  kg/ha.  In  home 
gardens  winged  bean  is  sown  against  walls, 
fences,  trees  or  shrubs,  and  it  may  climb  up  to 
several  metres  h^.  Adequate  drainage  is  es- 
sential and  under  wet  conditions  raised  beds 
may  be  neressaiy 

Management  One  or  two  weedmgs  in  the 
first  4-6  weeks  are  needed  as  early  growth  is 
slow  Stakiiis:  is  necessary:  the  yield  is  n'<luce<l 
to  less  than  half  if  plants  are  grown  creeping. 
In  gardens  winged  bean  is  grown  against 
stakes  or  trellises  of  about  2  m  high.  Irrigation 
is  needed  during  periods  of  prolonged  drought. 
Wmged  bean  is  liiiown  to  nodulate  profusely  in 
aymbiotie  association  with  Ehizahium,  In  a 
well-nodulated  crop,  niti'ogen  appliration  is  not 
necessarj'.  However,  in  soils  low  in  nitrogen, 
small  quantities  of  N  fertiUzer  may  be  applied 
at  planting.  \\  inged  bean  needs  fertile  soil,  and 
appropnatf-  d  itili/ing  v\  ilh  P  and  K  is  needed. 
Mulching  IS  reeuiiimended  in  dry  conditions. 

Dineaaes  and  pests  Winged  bean  is  not 

much  afferted  by  pests  and  diseases,  and 
diemical  spraying  or  other  control  measures 
are  rarely  applied.  False  rust  or  orange  gall 
{Synehytrium  paophocarpi)  is  perhaps  the  most 
widespread  and  damaging  fiingus.  Cultivar 
resistance  has  been  reported.  Dark  leaf  spot 
{Pseudocereo^ra  paophocarpi)  ia  serious  in 
hot  humid  areas.  Powdery  mildew  (Eryaipke 


cichorarpani in)  occurs  in  cooler  areas  during 
periods  of  high  air  humidity  in  the  dr>'  season. 
I  Min  i  diseases  are  web  blight  {RhisoeUmia 
sol(ini)  and  flower  blight  (.Chornic/iliora  fiiiiir- 
bituruin).  Kmg  spot  mosaic  vims  and  necrotic 
mosaic  virus  were  identified  on  winged  bean  in 
Cote  d'lvoire.  Root-knot  nematodes  (Melai- 
dogyiie  spp.)  may  cause  stunted  growth  and 
yellowing  of  leaves.  Amongst  insect  pests,  bean 
pod-borer  {Mavtica  ti  sluMis)  and  various  leaf- 
feeding  catorpillars,  bugs  and  dcadeUids  have 
been  reported. 

Harvestiitg  Fresh  firuits  are  harvested  when 
they  reach  about  80%  of  their  fiill  length,  once 
or  twice  per  week  for  several  months.  The 
leaves  are  mainly  pidced  before  the  fruit  set- 
ting period.  Harvesting  the  luatuiL'  si  i'ds  needs 
many  rounds  of  picking  of  the  di\  fruits  at 
regular  intervals  because  fruit  ripening  occurs 
over  a  long  period  and  the  fruits  split  and  shat- 

ter  seeds  when  (hey  remain  too  long  on  the 
plants.  Tubers  are  harvested  at  the  first  signs 
of  senescence  of  the  crop. 

Yield  Green  fruit  yields  range  fix>m  10-1. '5 
t/ha,  but  up  to  3.J  t/ha  has  been  reported.  Seed 
yield  estimates  from  farmers'  crops  reach  800- 
1600  kg/ha;  experimental  yields  of  more  than  2 
t/ha  have  been  reporli  1  with  a  maximum  of 
4.5  t/ha  in  an  experiment  in  Malaysia.  Tuber 
yield  in  farmers'  plots  in  Papua  New  Guinea 
\\  :is  I  st  imaled  at  .'i..'5— 12  t/ha. 

Handling  after  harvest  Freshly  harvested 
green  fruits  store  poorly  and  should  be  mar- 
keted within  24  hours.  Storage  in  a  cool  room 
at  10°C  and  a  relatnr  luiinidity  above  90%  is 
possible.  The  leaves  can  be  dried  for  long-term 
oonservaticm.  The  dry  seeds  store  very  well, 
better  than  most  pulses,  due  to  thcMr  resistance 
to  common  storage  insect  pests.  Tubers  can  be 
kept  for  up  to  2  months,  but  they  are  normally 
coniumed  soon  after  harvesting. 

Genetic  resources  Large  germplasm  collec- 
tions have  been  made  from  most  parts  of 
southern  and  eastern  Asia  and  New  Guinea. 
Collections  are  available  at  the  National  Bu- 
reau of  Plant  (  a-netic  Resources  (NPPi  IR) 
Xew  Delhi,  India,  holding  about  1100  acces- 
sions of  Paophoearpus,  the  National  Plant  Ge- 
net ic  Resources  Laboratory  (IPPA'PLR),  Los 
Banos,  the  Philippines  (about  900  accessions), 
the  Department  of  Genetics  and  Cellular  Biol- 
ogy, University  Mah^jra,  Kuala  Lumpur,  Ma- 
laysia (about  150  accessiinis)  and  the  Depart- 
ment of  Agriculture,  Papua  New  Guinea  Uni- 
versity of  Technology,  Lae,  Papua  New  Guinea 
(about  460  accessions). 
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Breeding  Several  cultivar  trials,  but  no 
breeding  have  been  recorded  for  winged  bean 
in  trqpical  Africa.  In  Asia  many  local  cultivars 

of  thi-  \ft;<'t;iblf  type  occur  Several  improved 
cuhivars  are  available  from  the  above  men- 
tioned institutes,  but  mainly  for  use  as  a  pulse 
crop.  Breediiii;  ilijcctives  depend  on  the  prod- 
uct for  which  winged  bean  is  raised.  As  a  green 
vegetable  crop,  early  flowering,  high  fruit  \-ield 
and  production  over  n  longer  period  oi  mni 
green  fruit  mlour.  less  fibrousnoss  (reiiuccd 
parchment  layers)  and  a  better  taste  are  desir- 
able. As  a  pulse  crop,  important  objectives  are 
early  flowerini;.  syiic  hroniz;iti<in  <if  fruit  matur- 
ity, senescence  at  the  end  of  the  growing  sea- 
son, high  seed  yield,  low  shelling  percentage, 
high  protein  and  oil  content  depending  upon 
the  processing  needs*,  and  white  seed  eolour. 
For  a  tuber  crop,  selection  for  low  fruit  yield, 
vigorous  vegetative  growth,  high  tuber  yield 

nnd  IuIkm'  qu.ilily  fnrtors  incUidinp  high  pro- 
tem  and  low  fibre  content  and  acceptable  fla- 
vour are  relevant.  Attempts  to  realize  inter- 
specific hybridization  with  other  Psophoeetrpus 
species  have  been  unsuccessful  so  far. 

Prospects  The  introduction  of  winged  bean 
as  new  pulse  crop  or  as  a  multipurpose  vegeta- 
ble in  tr(i|)irnl  .\fri(';i  w.ts  nol  sum  -sful,  .some 
reasons  bemg  the  chmbmg  plant  habit  needing 
staking,  the  bothersome  seed  harvesting  and 
the  seed  shattering  and  seed  hardness.  These 
rharartoristirs  make  winged  liean  less  interest- 
ing than  traditional  pulses  like  cowpea  and 
introduced  pulses  like  soya  bean  and  common 
bean.  I'^ir  <(itisnmi'is  wiiit^cd  bean  iVints  are 
less  attractive  than  yardiong  bean  and  French 
beans  because  of  the  bland  taste.  Tet,  winged 
bean  as  vegetable  merits  some  attention  as  a 
nutritious  and  easy  to  prow  garden  crop,  espe- 
cially suited  for  home  gardens. 

Ift^or  refereaces  Eagleton,  G.E.,  Khan, 
T.N.  &  Erskine,  W.,  108.5;  Harder,  D.K.  & 
Smartt,  J.,  1992;  Khan,  T.N.,  1982;  Khan,  T.N.. 
1993;  Mnebuka,  B.V.  &  Eggum,  B.O.,  1995; 
Kubatzky.  V.E,  &  Yamagu.hi.  M.  1997;  Tm- 
d;,I!  11  n  ,  1983;  USDA,  2002a;  Verdoourt,  B.  & 
ilalliduy,  P.,  1978. 

Other  referencee  Asare,  E.,  1984;  Eagleton, 
G.,  1909  Ciri  A.P.  Tbnrsulkar,  A.M.,  Ku, 
M.S.B.,  Gupta,  V.S.,  Deshpande,  V.V.,  Ranjekar, 
P.K.  &  Franceschi  V.R.,  2003;  Kemevor,  G.LA, 
1980:  Kpodo.  CM.  1987;  Treche.  S..  Tobias, 
J.F.,  Noubi  1,.  r'as<in<  t,  K  &  Fotso.  M.,  1986. 

Sources  of  illustration  Ivlian,  T.N.,  1993. 

Anflio»  G.J.H.  Gnibben 
Baaed  on  PROSEA  8:  Vegetables. 


PSYCUOTRIAEMINIANA  iKuntze)  E.M.A.Petit 

Protologae  Bull.  Jard  Bot.  Brux.  34:  48 

fion \) 

Family  Uubiaceae 

Synonyma    Uragoga    eminiana  Kuntze 

(1891).  Gmmilea  ungoiiieiisis  K  Schum,  & 
K.Krau8e  (1907),  Gmmilea  atolzii  K.Krause 
(1920). 

Origin  and  geographic  diatributiou  /'.sv- 
rhntrin  eminiana  is  widespread  in  tropical  .\f- 
nca;  it  has  been  found  from  northern  Nigeria, 
Central  African  Republic  and  Sudan  south  to 
Malawi  Zambia.  Angola  and  Mozambique. 

Uses  In  Malawi  the  leaves  are  cooked  with 
ashes  to  prepare  a  slimy  vegetable  called 
'thelele.  whieii  is  particularlj-  liked  by  older 
people.  In  iJli  <""tmgo  f'sycholria  I'ininiaiia  is 
used  medicinally  agauisl  intestinal  diseases 
and  worms.  In  eastern  Africa  the  rhizomes  are 
used  to  In  at  snakebites;  fresh  rhizomes  are 
chewed  and  the  Juice  swallowed,  or  th^  mi|y 
be  pounded  and  the  infrision  used  both  orally 
and  external^  on  the  wound. 

Properties  No  properties  of  I'syclHitria 
eminieuia  are  known,  but  in  general  J^sychutria 
species  are  rich  in  alkaloids.  Best  known  is  ipe- 

c-ae  (P.syrhotria  ipernnintiha  (Urot  )  Stokes), 
native  to  South  and  Central  America  but  widely 
cultivated  also  elsewhere,  of  which  the  riiizomes 
contain  a  series  of  terpenoid  tetrahydro- 
isoquinoline  t\j>e  alkaloids  such  as  emetine, 
cephaelme  and  psychotrine.  The  dried  rhizome 
has  l<«g  been  an  important  medicine  as  an 
emetic,  expectorant  and  to  treat  am<iebii'  dy^i  ii- 
teiy.  In  small  doses  the  drug  is  a  stimulant, 
increasing  appetite  and  facilitating  digestion. 
Botany  Subshrub  to  small  tree  up  to  3.6  m 

tall  with  woody  or  herbaceous,  sparsety 
branched,  glabrous  to  pubescent  stems  arising 
from  a  woody  tfaizome.  Leaves  opposite,  simple; 
stipules  triangular  up  to  1  cm  long,  deciduous; 
petiole  up  to  3  cm  long;  blade  ovate,  oblong, 
obovate,  elliptical  or  rmind,  3-25  cm  x  2-13 
cm.  cuneate  to  rounded  at  base,  apex  eniargi- 
nate  to  acuminate,  margins  entire  glabrous  to 
pubescent,  with  domatia.  Inflorescenc-e  a 
trichotomous  to  many-brandied  complex  of 
many-flowered  panicles;  peduncle  up  In  i:?  cm 
long.  Flowers  bisexual,  usually  5-meix)Us,  het- 
erostylous,  subsessile;  calyx  tubular  with  un- 
equal tn.iiiuLilar  lobes  less  than  2  mm  long; 
corolla  tubular  with  lube  up  to  mm  long  and 
lobes  2.0  mm  x  1  mm,  yellowish;  stamens  in- 
serted at  middle  of  corolla  tube;  ovary  infwtor, 
2-oelled,  style  slider,  stigma  2-labed.  Fruit  a 
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globose  2-lobpd  drupe,  5-7  mm  x  7-10  mm, 
red,  glabrous  to  pubescent  ,  containing  2  pyre- 
nes  c.  5  mm  in  diametri-.  Seeds  subglobose.  c. 
4.6  mm  in  diameter,  dark  brovra,  ventral  face 
flat. 

Payehotria  is  a  large  pantropical  genus  of  about 

500  species,  with  over  200  species  i>res<'iit  m 
tropical  Africa.  Payehotria  emmiana  is  rather 
variable  and  several  varieties  have  been  de* 
scribed.  Most  of  the  habit  variation  seems  to  be 
due  to  differences  in  burninp  freqiienn,-  nnd 
damage.  Plants  that  are  protected  for  some 
ye«T9  become  much  woodier  than  other  ones. 
In  Ctniieroon  the  boiled  leaves  of  Psycftotria 
leptophyHa  lliem  are  said  to  be  used  as  a  vege- 
table; this  apedes  is  also  found  in  Nigeria,  the 
island  Bioco  (Equatorial  Guinea)  and  DR 
Congo. 

Ecology  Pnychuliia  eininiaiia  occurs  m  de- 
ciduous thidcet,  Braehyategia  woodland  and 
derive  d  open  bushland  iisunlly  on  dn,"  burnt 
ground  or  stony  hills  but  sometimes  riverine, 
at  500-1650  m  altitude. 

Management  Psycliolria  eminiana  is  only 
collected  from  the  wdd  and  not  cultivated. 

Genetic  resources  and  breeding  Pay- 
ehotria emmiana  is  rather  widespread  and  not 

in  (l,'ini;i'''  of  i_'i:-nrt ic  r-rdsidn. 

Prospects  I'sycholriu  eniinUma  Will  remain 
a  minor  \c^'et,ible,  locally  important  in  the  drj- 
season  when  other  vegetables  arc  scarce.  Its 
nutritional  and  medicinal  properties  should  be 
investigated. 

Major  refeMneea  P^t.  E.,  1964;  Verd- 
curt  B  1976;  Verdcourt,  B.,  1989;  William- 
son, J.,  1955. 

Other  references  Anderson,  L.,  2002; 
Burkill.  H.M.,  li)S)7;  Kokwaro,  J.O.,  V.YXV,  Ong, 
H.t  V  &  lirotonoRoro.  S.  2001;  Petit,  E.,  1966. 

Authors  P. CM.  Jansen 


PTERIDIUM  AQUIUNUM  (L.)  Kuhn 

Protologue  Crj'ptogamae  vasculares.  In: 
I  '  M !..  I,  Rt'isen  m  6st-Alriki)  3(3):  11  (1879). 

Family  Dennstaedtiaceae 

Clmnnoaoaie  number  2n.  =  52,  104,  208 

Synonyms  Ptrn'.s  nqiiilitin  L.  (17.'i.'i),  Pfrn'.i 
eaculeiUa  G.Forst.  (1786),  Pteria  Uumginoaa 
Bory  ex  Willd.  (1810),  Ptendium  eaculentum 
(G.Forst.)  Nakai<1825). 

Vernacular  names  F^rarken  lir;iclsimfem, 
eagle  fern  (En).  Fougere-uigle,  tougere  grand- 
aigle,  fougere  des  savanes  (Fr).  Feto  ordkiario, 
feto  dos  mantes  (Po).  Mjimbi  (Sw). 


Origin  and  geographic  distributiou  Pi  end- 
iuin  aquilinum  is  a  cosmopolite  and  especially 
common  in  temperate  zones.  It  is  present  on  all 
continents  including  .Antarctica.  It  is  one  of 
the  most  widespread  plant  species  of  the  world. 
In  Africa  it  ranges  from  the  Mediterranean  to 

the  Cape 

Uses  I^eridium  aquilinum  is  widely  used  as 
a  cooked  vegetable.  In  the  area  around  Bafous- 
sam  (Cameroon)  i(  is  reported  to  be  consumed 
on  a  repul-'ir  basis  tdt^ether  with  jilants  such  as 
Vernouia  aiiiygdalina  Delile  and  Tnuin/eUa 
rhomboidea  Jacq.  In  Gabon  the  yotmg  still  en- 
rolled fronds  (croziers,  fiddleheads)  are  re- 
ported to  be  edible.  Several  tribes  in  Angola  eat 
the  leaves.  In  Europe  a  number  of  aoddenta 
have  happened  with  animals  eating  the  leaves. 
Still,  sesfral  sources  mention  its  use  as  a  vege- 
table in  many  countries,  sometimes  on  a  large 
scale.  To  render  them  edible,  the  croziers  are 

soaked  in  water  containinL'  w»>']  .ishes  for  24— 
36  hours  to  remove  the  free  i.annic  acid.  L'p  to 
the  present  the  croziers  are  popular  in  Japan, 
where  they  are  boiled,  dried  and  stored  for  use 
in  winter.  Canned  croziers  are  sold  in  Japan  as 
warabi  or  zenmai . 

In  Madagascar  and  the  Canary  Islands  the 
rhizome  is  reported  to  lie  edible  in  France  they 
were  used  as  feed  fur  pigs.  The  rhizomes  pro- 
duce starch,  which  was  used  extenavely  by 
Canadian  Indians  in  the  past.  In  Japan,  the 
starch  is  used  to  make  confections. 
The  leaves  are  used  as  stiaw  for  cattle  and  as 
bedding.  The  leaves  are  also  used  to  filter  oil 
and  palm  wine.  Dried  powder  of  croziers  is 
applied  to  old  wounds.  In  Cote  d'lvoire  the  pulp 
of  cooked  croziers  is  used  as  enema  to  overcome 
sterility  in  women.  The  rhizome  together  with 
the  rhi/ome  of  ginger  (Ziiiffihrr  offin'tialr  I,.)  is 
pounded  and  the  juice  is  diunlv  as  an  aphrodi- 
siac. As  component  of  a  mixture  with  7  oQier 
ingredients  it  is  used  to  calm  the  mentally  dis- 
abled. 

In  China,  water  in  whidi  the  leaves  have  been 
soaked  is  applied  as  a  pesticide.  The  ash,  hav- 
ing a  high  potash  content,  was  formerly  used 
extensively  m  Europe  for  glass  and  soap  pro- 
duction. Bracken  ash  was  particularly  useful 
for  making  clear  colourless  <:I.iss  Wetlened 
bracken  ash  was  sold  in  balls  to  wash  clothes 
and  to  bleach  linen. 

Prop«rtl«s  The  whole  plant  of  PteHdium 
aquiliiimu  contains  poisonous  and  ontniutri- 
tional  compounds.  The  compounds  isolated 
include  sesquiteip^ioids  (ptaquiloside  and 
related  substances,  in  general  called  pterosins, 
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having  insect icidal  and  rnrcinogcnic  activity), 
ecdj'sone  (terpenoid  compound,  identical  to  the 
moulting  hormone  of  insects),  c>'anogenic  g]y- 
ctisidfs  tannins  and  phenolic  acids.  All  these 
constituents  may  have  some  activity  as  a  feed- 
ing deterrent.  Shikimic  acid  has  been  finmd  in 
all  parts  of  bracken,  especially  in  the  rhizome. 
It  has  carcmogenic  activity  and  may  explain 
the  occurrence  of  a  fatal  haemorrhagic  syn- 
drome  in  cattle  and  siomach  cancer  in  humans 
after  eatinp  bracken  foliage  repularly  Blacken 
also  contains  an  enzj^me  which  destroys  vita- 
min Bi,  resulting  in  vitamin  61  avitaminosis 
which  causes  brain  damat^e  in  horses  and  other 
non-ruminants  and  acute  enzootic  haematuria 
Credwat^  dieeaae*)  in  cattle.  The  oocurrenoe 
and  concentrations  of  the  \arious  chemical 
constituents  vary  with  the  sulispecies  and  va- 
rieties. The  rhizomes  appear  to  be  about  five 
times  as  toxic  as  the  leaves.  It  is  hard  to  detect 

and  diagnose  poisoning  because  of  the  delayed 
toxicity.  Symptoms  and  death  have  developed 
as  long  as  eight  weeks  after  animals  had 
ceased  to  eat  the  plants.  The  health  hazard  for 
humans  is  reported  to  be  greatest  for  young 
children. 

Botany  Terrestrial  fern,  with  up  to  2.6  m 

tall  finely  divided  leaves;  ihizome  long,  ereep- 
mg  deep  in  the  soil,  repeatedly  branched,  cov- 
ered with  fine,  pale  brown  hairs.  Leaves  ap- 
pearing on  short  rhizome  branches,  never  very 
rinse  together:  petiole  thick  vip  to  more  than  1 
m  lung,  pale,  m  cross-section  showmg  a  horse- 
shoe pattern  of  vascular  bundles;  lamina  large, 
in  <iutline  ovate-triangular,  up  to  2  m  x  1  m.  2- 
4-pinnate;  ail  axes  groo%'ed  on  upper  surface 
and  often  baity;  basal  pair  of  pinnae  usually 
subopposite,  up  to  70  cm  x  40  cm  upper  pinnae 
and  pinnules  praflually  reduced  and  lonfliient: 
ultimate  divisions  pmnately  compound  or 
lobed,  often  with  a  long,  mtire,  apical  portion; 

segments  oblong  obtu.se,  adnate,  often  with 
winged  expansions  at  base,  often  mterspersed 
with  smaller  and  short  lobes,  margins  entire, 
always  revolute.  Sori  suhmarginal,  linear, 
mostly  continuous  on  marginal  vein  connecting 
the  lateral  vein  ends;  sporangia  borne  between 
the  outer  indusium  consisting  of  the  reflexed 
si  gmenf  margin  and  tht^  thin  inner  indusium. 
Spores  trilete,  tetrahedral-globose,  23-35 
in  diameter,  irregularly  granulate. 
Pteridium  aquilinum  is  a  veiy  variable  qpedes. 
Subsp.  nqiiiliiiuin  is  most  common  in  .\frica. 
Anotlier  subspecies,  subsp,  centmli-africanum 
Hieron.  (qmonym:  Pteridium  eentraU-iMfncaaum 
(Hieron.)  Alston),  often  regarded  as  a  separate 


Pteridium  aquilimim  -  1.  plant  habit;  2,  crmt 
section  rhizome;  3,  fertile  pari  leaftegmeiU. 

Source:  PROSEA 

species,  occurs  from  Gabon  to  Mozambique. 

Elcology  Pteridium  aquilinum  grows  along 
forest  margins  and  the  edges  of  thickets  in  sa- 
vannas, where  it  may  form  dense  populat  ions  of 
almost  pure  stands,  and  is  often  regarded  a 
weed.  It  prefers  altitudes  of  7.50-2350  m. 

ManaigeiiieAt  Because  of  its  ability  to  form 
dense  man-high  populations,  bracken  may 
hamper  the  development  of  _\  oung  trees.  It  in- 
vades new  areas  at  a  rapid  p.tee:  3'oung  plants 
develt^  up  to  l-'i  fronds  (leaves)  in  the  second 
year  and  about  1  in  m  the  third.  Once  estab- 
lished the  underground  rhizomes,  which  may 
be  situated  as  deep  as  60  cm  below  soil  surfiaoe, 
keep  producing  new  fronds  for  many  years. 
Moreover,  the  plant  produces  allelopathic  com- 
pounds. In  South-East  Asia  it  can  be  a  weed  in 
tea  and  other  plantation  crops.  In  Scotland, 
methyl  ( 1-aminobenzenesulphonyl)  carbamate, 
sprayed  on  the  foliage  is  an  effective  means  of 
control.  Cortieium  eme^a,  Fiiaarium  spp.  and 
S^toria  eiquiUna  are  parasitic  fungi  found  on 
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Pteridiuin  aquilinii m ,  and  may  form  potential 
sources  of  biological  control.  Bracken  has  al- 
most no  serious  insect  enemies  because  it  con- 
tains eodysonp  which  interferes  with  the 
moult  ing  processes  of  msects. 
Reproduction  of  Pteridium  aquilmum  is  mainly 
by  vegetative  means,  even  though  up  to  300 
million  spores  may  be  produced  by  a  single 
leaf.  When  mature,  spores  are  mechanical ly 
ejected  1—2  cm  in  (he  air  durmg  dr\-  weather, 
dispersed  by  wind  nnd  often  deposited  with  the 
first  rain  thereafter.  The  spores  germinate 
without  any  period  of  dormancy.  Young  plants 
maybe  found  iiftcr '>-7  weeks 
Statistics  on  production  and  trade  of  Pteridiuin 
tupdUnum  are  scarce.  In  1970  over  300  t 
bracken  croziers  were  consumed  in  Tokyo 
alone,  and  in  the  whole  of  Japan  annual  con- 
sumption may  have  reached  several  thousand 
t.  Only  a  few  statistical  data  are  available  on 

its  yield  It  hns  been  estimntod  that  the  annual 
rhizome  production  may  amount  to  17  t/ha.  It 
has  been  calculated  that  60  t  of  dried  bracken 
are  required  to  produce  one  i  oi  pnijish. 

Genetic  resources  and  breeding  Being  a 
cosmopolite  Pteridiuin  aqutlinuni  is  not  in 
danger  of  genetic  erosion.  Germplasm  collec- 
t  ions  and  breeding  programmes  are  not  known 
to  exist. 

Prospects  The  impurtance  of  bracks  is 
mainly  Ineal  and  oftm  only  historical.  The  feet 
that  all  plant  parts  are  suspected  or  confirmed 
poisonous  limits  their  suitability  for  human 
consumption.  In  Afirica  the  use  of  IHeridium 
a<{tiHiiiiiiii  as  food  must  therefore  l>e  disc<iur- 
aged  or  closely  monitored,  and  he  alth  authori- 
ties should  warn  the  local  populations  of  its 
dangers.  Most  other  uses  are  trivial,  and  many 
alternatives  exist.  It  is  not  hkely  that  the  plant 
will  increase  in  importance,  certainly  not  in 
Afirica,  although  its  use  as  a  natural  pesticide 
seems  to  provide  an  as  yet  unknown  opportu- 
nity for  Africa.  The  medicinal  and  pesticidal 
qualities  need  further  investigation. 
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PTEROCARPUS  MlIJ>BRAEDn  Harms 
Protologue  Notizbl.  Bot.  Gart.  Berlin  8:  152 

Family  Pa}>ilionareae  (Leguminosae  -  Papiho- 
noideae,  Fabaoeae) 

Vemaeular  names  Padouk  blanc  (Fr). 
Mkuia  (Sw). 

Origin  and  geographic  distaribution  Ptero- 
earpu*  mildbrcudii  is  found  in  Sierra  Leone, 
Liberia,  Cote  d'lvoire,  Ghana.  Benin,  Nigeria, 
ramoroon  Equatorial  Guinea,  Gabon  and  the 
Usambara  and  Udzungwe  Mountains  t^Tanza- 
nia).  Records  for  DR  Congo  are  based  on  mis- 

identifiration 

Uses  The  leaves  of  Pterocarpua  inildbraedii 
are  used  as  a  cooked  vegetable  in  Nigeria.  In 
Ghana  the  trees  have  been  planted  or  retained 
in  cocoa  plantations  to  provide  shade.  Ptero- 
curpus  inildbraedii  is  rarely  e.\ploited  for  its 
timber,  e.g.  in  Tanzania,  and  the  wood  is  used 

t  o  mnkt '  nil  ■r\  :\rs. 

Properties  The  leaves  of  Pterocarpua  mild- 
hraedii  contain  per  100  g  edible  portion:  water 

H. 'i  g  energy  2:i7  kJ  (.57  kcal),  protein  a.«  g,  fat 
O  S  g,  carbohydrate  8.2  g.  crude  fibre  I  .IH  g,  ("a 
72  mg,  Mg  28  mg,  Fe  1.7  mg  and  Zn  3.1  mg 
(Akpanyung,  E.O.,  Udoh,  A.P.  &  Akpan,  E.J., 
199."),  Hydrogen  cyanide  and  oxalate  levels  are 
high  but  not  such  ihat  they  pose  a  health  dan- 
ger for  consumers.  An  ethanoUc  extract  proved 
toxic  to  rats  only  after  intraperitoneal  admini- 
stration. The  wood  is  whitish  and  soft,  and  of 
little  commercial  value. 

Botany  Meditmi-sized  to  large  tree  up  to  35 
m  tall  with  smnoth  grey  or  pale  brown  bark, 
exuding  red  gum  when  cut,  and  small,  rounded 
crown.  Leaves  alternate,  imparipinnate,  up  to 
35  cm  long:  stipules  lanceolate,  up  to  1  cm  long, 
caducous:  leaflets  (r>-)l-\Ty  Mlti-rnate  elliptical- 
oblong  to  ovate,  6-14  cm  x  3—7  cm,  base  rounded 
to  cuneate,  apex  abruptly  acuminate.  Inflores- 
cence a  raceme  or  little-branched  panicle  .■>— 15 
cm  long.  Flowers  bisexual,  papilionaceous,  5- 
merous;  calyx  5-8  mm  l<mg,  densely  covered 
with  riiort  hairs  on  the  lobes  insiile  and  near 
lobe  margins  outside:  corolla  golden-yellow  1- 

I.  .5  cm  long.  I'  l  uit  an  obovate-orbicular  pod  10- 
12  cm  long,  with  very  broad  membranous  wing, 
style  base  latonl,  l(-2)-seeded. 
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Pterocarpus  comprises  about  GO  species,  20  of 
them  in  Africa.  Several  Asian  and  African  spe- 
cies are  commercial  timbers.  Ptei-ocarpiis 
sitiiliitKiliniih's  D'^  PhT'icarptts  mivduxii  Taub. 
and  Pterocarpus  usun  Craib,  all  primarily  used 
for  timber,  have  leaves  that  are  used  as  vege- 
table as  well. 

The  two  disjunct  populations  of  IHerocarpua 
miSdhmtdii  in  West-Central  Africa  and  East 
Africa  are  aometimes  considered  as  subspecies: 
subsp.  mildhvarrlii  and  subsp.  ii.Hniiihari'iisi.'i 
(Verde.)  Polhiil,  respectively.  They  differ  in  the 
size  of  bracts  and  flowers. 

Ptemcarpus  itiildbraedii  grows  fast  and  cop- 
pices well.  Its  root  system  is  superficial:  most 
mots  are  in  the  top  30  cm  of  the  soil.  It  has  an 
intermittent  p  iiti m  of  leaf  flushes.  Flushes 
appear  in  the  dry  season  when  other  leafy 
vegetables  are  scarce. 

Beolo^  Pteroearpm  mildbraedii  occurs  in 
lowland  rainforest,  dry  everRrron  forest  and 
riverine  forest,  up  to  1260  m  altitude.  In  Tan- 
zania it  is  restricted  to  altitudes  of  300-600  m. 
It  is  tolerant  of  add  soil. 

Management  Pterocarpus  inildbraedii 
leaves  are  collected  from  the  wild,  but  fre- 
quently marketed.  Attempts  to  domesticate  it 
arc  IxMiif;  made.  Proji-i'jni ion  can  be  done  by 
seed,  budding  or  cuttings. 

Qeneiie  Teaovaccem  and  breeding  In  West 
and  Central  .Africa  Plerooorpua  mildbraedii  is 
widespread,  although  in  some  countries  re- 
corded as  rare  (e.g.  in  Ghana),  and  does  not 
seem  to  be  liable  to  genetic  erosion.  However, 
the  populations  in  Tanzania  are  of  limited  ex- 
tent and  vulnerable. 

Prospeota  Pteroearpu*  mildbraedii  is  a  nu- 
tritious vegetable  but  despite  this  is  only  ex- 
ploited as  such  in  southern  Nigeria,  .\  better 
underslanduig  of  the  variation  in  the  species 
might  help  in  the  process  of  domestication.  It  is 
being  tested  in  nurofnn  stn*  sy.<^tems. 
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Rapuanus  sativus  L. 

Protologue  Sp.  pi.  2:  669  (1753). 

Family  Br.'tssicnceae  (Cruciferae) 

Chromosome  number  2/t^  =  18 

Vernacidar  names  Radish,  Chinese  radirii, 
rlapanesr  radish  mooli  daikon  (En),  Radis, 
daikon,  navet  chinois  (I'r).  Rabano,  rabdo,  ra- 
banetediines  (Po).  Mfijdi  (Sw). 

Qtigin  and  geographic  distribntioii  Rapha- 
IIU.1  rapJiiin  Isfrij  III  1.  is  the  most  likely  ances- 
tor of  the  polymorphic  Raphanus  sativus.  The 
area  of  maximum  diversity  of  radish  lies  be- 
tween the  easiiTn  Mi'ditei  ranean  and  the  Cas- 
pian Sea,  which  is  probably  the  original  gene 
centre  for  this  species.  Radish  was  cultivated 
already  in  ancient  times  in  the  Mediterranean, 
from  where  it  spread  to  China  in  about  -"100  BC 
and  to  Japan  in  about  700  AD.  The  variability 
diminishes  gradually  from  the  Caspian  Sea  to 
China,  and  even  more  towards  Japan.  It  is  .also 
a  crop  that  has  been  cultivated  since  ancient 
times  in  the  oases  of  the  Sahara  and  in  Mali. 
Radish  can  now  be  found  as  a  cultigen 
throughout  the  world  in  many  different  forms 
from  small  leaiy  annuals  lo  biennials  with 
large  fleshy  roots.  Hie  euhivars  with  relatively 

sm.ill  roots  (small  radish)  are  most  imiiort.ant 
in  temperate  climates  of  the  world  and  only  of 
limited  importance  in  Africa,  mostly  in  franco- 
phone countries  amtnigst  people  originating 
from  Europe.  Larger-rooted  cultivars  (like  Chi- 
nese radish)  are  most  important  in  East  and 
South-East  Asia.  In  East  Africa  and  elsewhere 
in  the  cooler  parts  of  the  African  continent, 
large,  white  radishes  are  known  under  the 
Swahili/Arabic  name  fijili  and  the  Hindi  name 
'mooli'  and  these  are  becoming  increasing- 


Rc^hanua  sativus  -  planted 
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popular.  In  francophone  West  Africa  Chinese 
radish  is  becoming  popular,  replacing  the  tra- 
ditionally grown  vegetable  turnip  (Bmssica 
tvpa  L  ).  which  is  very  susccptiltic  tt>  .uithrac- 
nose.  Large  radishes  with  a  dark  grey-brown 
surface  are  occasionally  seen  in  southern  Af* 
rica  and  are  sold  undiT  the  nnnie  Miuk  S]i;in- 
ish  radishes';  they  are  more  commonly  grown 
in  Europe  under  the  name  'black  radish'. 
The  so-called  'rat-tailed  radish',  grown  Tor  its 
prron  or  piii'plo  'iO-fSD  cm  long  pods,  is  rnfhor 
important  m  India  and  eastern  Asia,  but  only 
of  minor  importance  for  Asian  immigrants  in 
East  Africa,  whore  it  is  called  mogri'  FiiiMlly. 
the  so-called  leal'  radish'  is  gaining  importance 
in  Europe  and  South  Africa  as  &rage  and 
green  manure  but  is  not  known  to  be  cultivated 
in  tropical  Africa. 

In  summary*,  radish  occurs  scattered  through- 
out Africa;  it  has  been  recorded  for  over  a 

dozen   count rii's    from   Mali  to  Eritrea,  and 

southwards  to  South  Africa  and  the  Indian 
Ocean  isUmdst  but  is  probably  cultivated  in 
many  more.  It  is  Gommcaiily  recorded  as  an  es- 
cape from  cultivation 

Uses  Radish  is  grown  mainly  tor  its  thick- 
ened fleshy  root.  Small  radishes  are  pungent 

and  uscfl  as  appcli/or  when  eaten  fresh  and  for 
addmg  colour  to  dishes.  Oriental  radish  (to 
which  Chinese  radish,  Japanese  radish  and 
mooli  belong)  is  crisp  with  n  mild  (lavour.  The 
roots  are  thinly  peeled,  sliced  or  diced  and  put 
into  soups  and  sauces  or  cooked  with  meat. 
They  can  be  preserved  in  salt.  Oriental  radish 
can  also  be  eaten  fresh,  mixed  with  other  vege- 
tables such  as  tomato.  Also  the  leaves  are 
eaten  as  salad  or  qpinach.  Seedlings  known  as 
radish  sprouts  ate  used  as  greens  for  appetiz- 
ers in  the  .snmo  way  as  cross  (Lppliiinin  snli- 
vum  L.)  or  cooked  as  spmuch.  Rat-tailed  radish 
is  grown  for  the  immature  crisp,  fleshy  fruits, 
consumed  raw  cooked  or  pickled,  hut  the  roots 
are  not  edible.  Leaf  radish  is  mainly  grown  as 
green  manure  and  forage  in  central  and  west- 
ern Europe  and  is  also  grown  as  fodder  for  cat- 
tle in  South  .AiVica.  There  are  forms  of  nulish 
that  are  used  as  an  oil-seed  crop  but  these  are 
not  known  to  be  grown  in  Africa.  In  traditional 
medicine  radish  is  used  to  treat  hepatic  disor- 
ders, bronchitis  and  coughs. 

Prodnction  and  intemational  trade  World 
production  of  widish  roots  is  estimated  at  7 
million  t  per  year  about  2%  of  the  total  world 
production  of  vegetables.  In  Japan,  Korea  and 
Taiwan,  but  also  in  Yemen,  radish  ranks  high 
in  importance.  No  producticm  data  are  known 


from  tropical  Africa  hut  its  significance  is  mi- 
nor when  compared  with  Asia  or  Europe. 

Properties  The  composition  of  the  raw  root 
of  white  rwdish  (moiili)  per  100  t;  edilde  portion 
(87%  of  the  product  as  purchased)  is:  water 
93.0  g,  energy  64  kJ  (15  kcal),  protein  0.8  g,  fat 
0.1  g.  carbohydrate  2  9  g.  fibre  1  tr.  <'a  ;^0  ni^' 
P  25  mg,  Fe  0.4  mg,  carotene  U  ^g,  thiamin 
0.03  mg,  riboflavin  0.02  mg,  niacin  0.5  mg, 
ascorbic  acid  24  mg.  The  composition  of  the 
raw  loaves  per  100  g  edible  portion  (nO%)  is: 
water  89.7  g,  energy  137  kJ  (33  kcal),  protein 
3.5  g,  fat  0.5  g,  carbohydrate  3.5  g,  Ca  200  mg, 
P  44  niK  Fe  ;^,8  mg.  carotene  3670  [ig.  thiamin 
0.13  mg,  riboflavin  0.35  mg,  niacin  0.8  mg, 
aaooibic  acid  63  mg  (Holland,  B.,  Unwin,  I.D.  & 
Buss,  D.H.,  1991). 

The  pungency  of  radishes  depends  on  the  con- 
lent  of  isothiocyanates,  which  varies  with  cul- 
tivar  and  environmental  conditions.  The  main 
compound  is  l-methyl1hio-3-trans-lnifenyl 
isothiocyanate.  Glucosinolates,  which  are  the 
precursors  of  isothioqyanates,  are  also  present. 
These  compounds  have  long  been  known  for 
their  fuiiKicidal  bactericidal,  nematicidal  and 
allelopalhic  properties,  and  have  recently  at- 
tracted attention  because  of  their  chemoprotee- 
live  attributes  apainsi  cancer. 

Description  I<2rect,  annual  herb  up  to  lUU 
cm  tall;  upper  part  of  taproot  and  hj^ocotyl 
swoIIcti,  tuberous,  globular,  c;)dindricnl  or  ta- 
pering, very  variable  in  size  (up  to  100  cm 
long),  form  and  weight  (from  a  few  g  to  2.5(-20) 
kg),  red  to  white,  sometimes  grey  to  black, 
flesh  white,  •^tnnetimes  red.  Leaves  alternate, 
glabrous  to  sparingly  hispid,  lower  leaves  in  a 
radical  rosette;  stipules  absent;  petiole  3-6.6 
cm  long:  blade  oblong,  oblong-ovate  to  lyrate- 
pinnatifid  3— .T-jugato  with  a  round  or  ovate 
terminal  lobe,  5-30  cm  long;  higher  leaves 
mudi  smaller,  shortfy  petioled,  lanceolate- 

spatiilate  more  or  less  dentate.  Inflorescence  n 
terminal,  erect,  long,  many-ilowered  raceme. 
Flowers  bisexual,  4-merous,  c.  1.5  cm  in  diame- 
ter, fragrant,  white  to  lilac:  pedicel  up  to  2.5  cm 
li)ng:  se|ials  free  oMong-linear.  0-10  mm  long: 
petals  free,  spalulale,  clawed,    1—2  cm  long; 

stamens  6,  4  long  and  2  short;  ovaty  superior, 

style  3 — I  mm  long  Fruit  cylindrical,  up  to  10(— 
(JO)  cm  X  l  .'i  cm,  consisting  of  2(-several)  su- 
perposed joints,  lower  joint  very  short  and 
seedles-  uppi'i'  one  much  larger^  terete,  spongy 
and  divided  into  2-12  one-seoded  compart- 
ments, uidehiscent,  with  a  long,  seedless  beak. 
Seeds  ovoid-globose,  c.  3  mm  in  diameter,  yel- 
lowish. 
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Rt^hamis  saiivus  -  1,  habit  (small  rudi^h);  2, 
root  (mooli). 

Redraini  and  adapted  by  Achmad  Satiri  Nur- 

hamati 

Other  botanical  information  Radish  is 
dorivod  from  fhr-  varinblo  wild  rndish  Rnphn- 
nils  raphanislruin  L.,  which  is  frequentlj-  found 
AB  a  weed  in  cooler  parts  of  Africa  and  may  act 
as  a  host  for  a  ran^t^  of  pests  and  diseases  af- 
fecting crucileirous  crops.  Raphaiuia  is  eloneiy 
related  to  Braaaiea  and  it  has  been  hypothe- 
sized that  it  was  derived  from  hybridization 
botwoon  the  Diassira  rapa  L.  /  Brassica  nl- 
eracea  L.  complex  and  Brassica  nigtxi  (L.) 
Koch,  lliis  hypothesis  is  also  supported  by  re- 
svih^  of  DN A  soquenrinp.  The  taxonomy  nf 
Raphanus  sativus  is  still  contusing  and  further 
research  is  needed. 

Some  cultivars  adapted  to  the  tropics  and  used 
in  Africa  are  the  small  radishes  Cherry  Helle' 
or  Radis  Cerise  (red  and  round),  Sparkler 
(round  with  a  red  top  and  white  base),  Trendi 
Breakfast'  or  Radis  18  Jours'  (similarly 
red/white  but  more  cylindrical),  'White  Icicle' 
(long  and  white,  with  a  mild  taste),  and  the 
mooli  types  Red  Bombay',  White  Bombay*, 
'Bombay  [.tms.  White'    I  'rnV  nnd  Flimalayn'. 

Growth  and  development  I  he  edible  part 
consists  of  the  thickened  hypocotyl  (small  rad- 
ish) or  of  the  thickened  hypocotyl  and  upper 


part  of  the  taproot  (('hincsc  radish).  Growing 
time  depends  on  cultivar  and  desired  product. 
Small  radishes  can  be  harvested  3-5  weeks 
after  sdwin^  whereas  Chinese  radishes  usually 
take  about  8-10  weeks  firom  sowing  till  har- 
vesting. At  first  the  leaves  grow  in  a  rosette, 
but  towards  anthesis  the  stem  elongates  and 
branches.  Flowers  are  cross-pollinated  by  in- 
sects. 

Elcology  Radish  is  a  vegetable  of  temperate 
regions  yicrforming  best  in  the  tropics  at 
higher  latitudes  (>10°)  during  the  cool  season 
and  in  highlands  above  1000  m.  Chinese  radish 
or  mooli  tolerates  higher  temperatures  than 
the  Japanese  or  European  types  and  produces 
well  at  lower  elevations  iu  East  Africa.  Under 
slu'ir  length  conditions,  the  roots  are  well 
shaped  and  tojis  small  I'ntler  long  days  (>l.j 
hours)  the  roots  can  be  misshapen,  the  lops 
elongate  and  pre-mature  bolting  may  occur. 
Radish  normally  needs  low  temperature  and  a 
long  daylength  for  bolting,  but  most  radish 
types  flower,  although  rather  poorly,  after 
reaching  the  edible  size  Tempi  rate  types  need 
at  least  20  days  below  Lj^C  and  a  daylength  <>( 
>16  hours  for  good  seed  settmg,  but  for  tropical 
cultivars  of  Chinese  radish  and  mooli,  bolting 

requirements  nr.'  met  at  hiijher  temperatures 
and  short  day  lengths.  While-Ueshed  cultivars 
flower  more  easily  under  short  days  at  low 
elevations  than  red-fle.shed  cultivars,  which 
reqiiii-e  lonp  days  or  elevations  above  1000  m. 
Kadish  requires  light,  well-drained,  deep  soils 
with  a  pH  of  6.0-6.5. 

Propagation  and  planting  The  1000-seed 
weight  IS  about  10  g.  Seed  rates  are  10-15 
kg/ha  for  large  radishes  and  30-40  kg/ha  for 
small  ones.  Seed  is  sown  directly  on  prepared 
beds  in  drills.  Radi.sh  seeds  take  about  I  day.'s 
to  emerge  at  20-30''C,  Mooli  types  require  a 
rather  wide  spacing  of  30  cm  between  rows  and 
1.^-25  em  between  plants,  depending  on  the 
cultivar.  Small  radish  requires  a  narrow  spac- 
ing of  10-2S  cm  between  rows  and  is  thinned  to 
2-4  cm  between  jd  ii  i-  m  the  row.  For  small 

ai-cM-  is  often  broadcast. 

IViauagemeut  In  commercial  cultivatim, 
radish  is  normally  grown  as  a  sole  crop,  but 
intercropping  with  lettuce  is  also  practised  in 
many  areas.  Adequate  supplies  of  organic  ma- 
terial, e.g.  20  t/ha,  and  a  basal  dressing  of  NPK 
followed  by  surface  dressings  of  an  N-fertilizer 
at  ivRular  intenals  until  the  roots  are  mature, 
are  recommended.  A  crop  of  20  t/ha  needs  at 
least  250  kg  N,  40  kg  P  and  350  kg  K  per  ha. 
Too  hig^  levels  of  NPK  increase  the  risk  of 
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pithinpss  unless  moisture  levels  are  kept  hi|;h. 
To  remain  mild,  tender  and  visually  attractive, 
radish  must  grow  rapidly  \\\^\\  pUnty  of  mois- 
ture. If  growth  is  restrained,  the  routs  become 
too  pungent,  tough  and  pithy.  Light  shading 
improves  root  quality  dunngr  hot,  diy  weather. 
In  h<M\  y  s'lils  mots  ultcn  t)ec(>nn'  misshapen, 

Diseaaes  and  pests  Commun  leaf  diseases 
are  Cereospom  leaf  spot  (Cercospora  brtusiei- 
cola)  and  downy  miliit  \\  t I'fronnspora  para- 
silica).  Y)it\\ny  niildi  w  also  atlai  ks  the  tuber- 
ized  part  of  the  hypocotyl  with  black  corky 
spots.  It  does  not  occur  in  the  lowlands  at  day 
and  night  temperatures  above  23'C  and  12T. 
respectively.  Inooiporating  fiormulations  of  the 
systemic  benzenoid  fiingicide  metalaxyl  with 
the  seed  at  the  rate  of  4  g/lvg  seed  just  before 
sowing  reduces  field  infestation  of  downy  mil- 
dew. Serious  root  diseases  in  temperate  areas 
are  blade  rot  (Aphanomyeea  ropAont)  and 

Fii  .sfiriii  III  yellows  (Fiisnriii  in  oxy.sporu  in  f. 
raphani).  Club  root  (Plasinodiophora)  is  in- 
creasingly a  problem  in  tropical  highlands  in 
East  and  southern  Africa  on  soils  with  a  low 
pll.  Important  pests  are  Ilea  beetles  (Phyllot- 
rela  spp.),  which  attack  young  seedlmgs, 
aphids  i^hia  goaaypii,  Lip<^hia  erynmt), 
which  cause  leaf  curl  and  transmits  cauliflower 
chlorotic  ring  virus,  and  mustard  saw  fly 
{^ihaUa  proxima),  which  feeds  on  the  leaves. 
Root-knot  nematodes  (Meloidogyne  spp.)  are 
sometimes  a  problem,  but  can  be  controlled  by 
crop  rotation  and  heavy  organic  manure  appli- 
cation. 

Harvesting  Radish  must  be  harvested  when 
fully  developed  but  before  the  roots  become 
over-mature  and  i)iih>  or  tough.  It  may  be  har- 
vested with  or  without  leaf  tops.  Small  rad- 
ishes can  be  hanested  mechanically  uprooted 
trimmed  and  bunched  in  one  operation,  but 
small   scale   gardeners  harvest  manually. 

Lc.)\  (  s  are  hnn'csted  when  required. 

Yield  Approximately  7-10  t/ha  of  fresh  rad- 
ish can  be  achieved  for  early-maturing  culti- 
vara  of  small  radish.  Yields  of  mooli  types  vary 
between  l.'5-20  f/ha  and  more  when  roots  are 
left  m  the  field  lor  a  longer  lime. 

HuttdMiig  after  harvest  Radishes  are 
washed  iborou^bly  to  remove  soil  and  to  main- 
tain a  fresh  appearance,  followed  by  grading 
and  packaging.  Small  radishes  are  usually  osAd 
with  tops  and  these  are  tied  in  bundles.  Th^ 
leaves  should  be  turgid,  green  and  free  from 
blemishes.  The  larger  Chinese  radish  types 
and  the  Spanish  black  types  are  sold  by  weight 
or  individually,  eq>ecially  for  the  larger  roots. 


Fi-uits  of  rat-tniled  radishes  are  offered  loose 
but  these  are  only  occasionally  found  in  mar- 
kets .  in  Nairobi.  Rapid  cooling,  using 
crushed  ice  or  cold  water  to  remove  heat,  helps 
retain  good  quahty.  At  high  relative  humidity 
and  a  temperature  of  0°C,  radish  can  be  stored 
for  2S  days,  but  at  7°r  the  storage  life  is  less 
than  7  days.  Roots  with  leaves  attached  have 
half  the  storage  life  of  topped  roots,  which  is 
why  some  supermarkets  now  offer  radishes 
without  leaves. 

Genetic  resources  Germplasm  collections 
are  maintained  by  NIAR  (Tsukuba,  Japan), 
IPB  (Los  Bafios.  Philippines).  Department  of 
Agriculture  (Bangkok,  Thailand),  USDA  (Fort 
Collins,  United  States),  and  the  Crudfer  Ge- 
netics Cooperatives  at  the  University  of  Wis- 
txinsin  (Madison  United  States).  No  local  culti- 
vars  are  known  in  tropical  Africa. 

Breeding  Although  radish  flowers  and  sets 

.seed  I  .isily  in  most  .\frican  coimtrit^s  where  it 
is  grown,  virtually  all  seed  is  imported.  No 
special  breeding  for  adaptation  to  African  con- 
ditions has  been  reported.  For  economic  rea- 
sons radish  seed  is  normally  produceil  in  more 
temperate  climates  and  imported  in  tropical 
Africa.  In  seed  production,  open-  pollinated 

cultivars  may  gi\'e  a  seed  yi<  Id  of  800  kg/ha;  an 
isolation  distance  of  lUUt)  m  is  required.  Self- 
incompatibility  and  male  sterility  are  available 
I  I  iIk'  production  of  Fi  hybrid  seed. 

Prospects  Radish  especially  the  Chinese 
and  mooli  types,  can  successfully  be  cultivated 
in  many  places  in  tropical  Africa.  Although  at 
the  m<iinf"iit  nf  relatively  little  importance,  rad- 
ish consumption  will  probably  ateadify  in- 
crease. Breeding  of  heat-tolerant  cultivars  for 
cultivation  in  African  lowland  areas  is  recom- 
mended 
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Bavenearobustior  Jum.  &  ii.Pomer 

Protologue  Ann.  Inst.  Bot.-Geol.  Colrai. 

MarseilU'  srr      1(1)  19.  t.  27  (1913). 
Family  Aiecuceae  (i'almae) 
Origin  and  geogmpliie  distribution  Rave- 

nen  lohiislioi  is  I'tidfinic  t<i  Mjula^asoai'. 

Uses  The  young  terminal  bud  (palm  heart) 
of  Ravenea  r^nuthr  is  eaten  as  a  \  ey;etable, 
but  some  consider  it  too  hidcr.  The  palms  are 
said  to  bo  largo  onough  tn  fi  iMl  a  wholo  villntio 
It  IS  reported  that  the  pith  ,  the  central  soft 
part  of  the  trunk,  can  be  eaten  as  well.  Young 
leaves  are  used  for  making  brooms,  and  fully 
developed  leaves  are  used  for  thatching.  The 
outer  wood  is  used  for  making  flooiboarda,  ta- 
bles, house  walls:  it  is  said  to  be  termite  resis- 
tant. In  former  days  salt  was  <  \t i-;i.  t,-d  from 
the  ash  of  the  trunk  pilh.  Ixai  eiwa  lohustiur  is 
a)so  a  specialty  ornamental. 

Properties  Thcro  is  no  sporifir  information 
on  the  composition  of  the  palm  heart  olRavenea 
robuatior,  but  probably  it  is  comparable  to  that 
of  palm  heart  in  general  which  contains  per  100 
g  raw  edible  portion:  water  69.5  g,  energy  181  kJ 
(1  lo  kcal;,  protem  2.7  g,  fat  0.2  g,  carbohydral*; 
26.6  g,  fibre  1.6  g,  Ca  18  mg,  Mg  10  mg,  P  140 
mg,  Fe  17  m^  vitamin  A  ()H  IC  thiamin  0.0.5 
mg,  ribuflavin  0.18  mg,  niacm  O.U  mg,  folate  24 
mg,  asootbic  acid  8  mg  (USDA.  2002) 
The  wood  is  extremely  hard  on  tli  ii  side.  due 
to  many  black  fibres.  The  heart  wood  is  soft  and 
white. 

Botany  Large  palm  with  trunk  (6-)12-^  m 

tall.  20-60  cm  in  diameter  at  lireast  height,  base 
bulbous,  60-10U  cm  across.  Leaves  1 1-25  in 
crown,  pinnately  compound;  sheath  y^rading 
smoothly  into  the  petiole;  pednic  up  to  135  cm 
lonp  rhntinelled  with  shaj-p  odccs,  thiel<ly  proy- 
brown  tomenlose;  rachis  up  to  1  m  long;  leaflets 
(40-)60-106  on  each  side  of  the  rachis,  stil^ 
dark  preen,  median  leaflets  V>0-]2^  cm  X  6.6—7.5 
cm  at  intervals  of  2-5  cm,  top  pair  often  connate 
for  up  to  5  cm.  Inflorescence  unisexual,  solitaiy; 
male  mfloresf  <  111  1  branching  to  2  orders,  pedun- 
elf  ."(Mj()  cin  long.  l)racts  6  rachis  8.5— 1:]0  cm 
long,  yellowish,  with  GO- 140  branches  up  to  50 
cm  long,  straw-jrellow;  female  inflorescence 
sf^rcading  or  pendulous  in  fruit,  branched  to  1 
order,  peduncle  45-100  cm  long,  bracts  6,  rachis 
55-80  cm  l<mg,  with  45-100  branches  up  to  80 
cm  long,  waxy  gn  i  n  to  orange  when  in  fruit. 
Fruit  an  ornngo,  obovoid  to  ovoid-globose  drupe 
1-2  cm  X  1-1.5  cm,  l(-3)-seeded.  Seed  9-16  mm 
X  6-13  mm,  red-brown,  hard. 
In  Madagascar  the  palm  heart  of  three  other 


Rai  enea  species  is  eaten.  Raienea  drousfielclii 
Beentje  has  a  bitter  palm  heart,  but  it  is  eaten 
although  some  believe  it  to  be  poisonous;  the 
leaf  fibres  are  used  in  hat  making  Raroiti'a 
sambimiiensis  Jum.  &  H.l'errier  has  a  slightlj' 
bitter  palm  heart,  whidi  is  eaten  cooked  with 
manioc:  the  fruits  are  also  consumed  and  the 
outer  wood  is  suitable  for  makmg  planks  lor 
floorboards.  The  palm  heart  of  Ravenea  aibU 
caii.H  (Jum.)  Beentje  is  also  eaten. 

Ecology  Rijrenea  rnhiisfinr  grows  in  moist 
forest  in  valley  bottoms,  on  medium  or  steep 
slopes,  near  water  or  near  hill  crests,  from  sea- 
lev*  1  u])  to  1000(-2000)  m  altitude.  It  is  locally 
common. 

Muaagemeiit  Ravmea  reAustior  is  reported 

as  being  cultivated  in  Madagascar  but  no  fur- 
ther details  are  known  Seeds,  collected  from  the 
wild,  are  offered  on  the  mlernational  market  for 
ornamental  purposes.  The  seeds  do  not  seem  to 

be  reralritrant .  There  are  about  1  7(K)  seeds  per 
kg  and  germination  takes  1-3  months. 

Genetic  resources  and  breeding  The  con- 
tinued cutting  fur  p  dm  heart  and  construction 
wood  might  endanger  thtvi'iwa  mhiistior  in  the 
near  future,  although  some  protected  popula- 
tions exist  in  nature  reserves.  Ravmea  aOtieana 
is  ranked  'endang(M-ed'  \\ith  only  two  known 
locations;  Raveiiea  druiia/ieldii  and  Haveiiea 
aamhiranenaU  are  both  ranked  'vulnerable^. 

Proqiects  Ravenea  nhuatior  is  an  impor- 
tant source  of  food  (with  high  nutritional  value) 
and  other  usefiil  plant  parts  for  the  local  popu- 
lation. In  view  of  the  increasing  scarcity  of  Uus 
palm  and  the  long  life  cycte.  it  is  impnrtant  to 
extend  planlmg  activities.  Seed  should  be  col- 
lected from  various  provenances  for  safekeep- 
ir._'  if  ih<'  genetic  diversity. 

Major  references  Beentje,  II -)  IStHIa; 
Beentje,  H.J.,  1995;  Dransfield,  J.  &  Beentje, 
H.  J.,  1996;  Jumelle,  H.,  1927;  Jumelle,  H.,  1945. 

Other  references  Ferguson,  I.K.,  Drans- 
field, J.  &  Flawn,  1.,  1988;  USDA,  2002a. 

Autliors  W.J.  van  der  Burg 

RlllIU.M  xiiviiiiiULM  Aiurray 

Protologue  Nnvi  Comment.  Begiae  Sd. 
Gott.  2(5):  50,  t.  11  (1775). 

Family  Polygonaceae 

Chromosome  niuuber  2ft  =  44 

Synonyms  RInviiii  xriilfoniw  Thorsrud  & 
Keisaeter  (1948),  Rheum  rhabarbamm  auct. 
nonL. 

Venunonlar  names  Rhubarb  (En).  Rhu- 
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barbr  (Fr).  Ruih.irho  rnbarbaro  (Po). 

Origin  and  geographic  distribatioii  Culti- 
vated rhubaib  is  of  unclear  hybrid  origin,  one 
of"  till'  pjironts  |irob;il)|y  ln'inii  TxJx'uni  rlialxtr- 
baitiin  L.  trom  Mongolia  and  neighbouring 
territories.  The  medicinal  use  of  several  Rheum 
s])('(ii's  in  (""hitiM  <l;it<'s  iVoin  1")00  yours  n^o. 
whereas  the  culinary  use  of  rhubarb  in  Europe 
dates  from  the  IS"*  century  only,  but  is  older  in 
Asia.  Rhubaib  is  cultivated  as  a  v(>g(>tablo  in 
many  trmpornto  ropions,  but  ran  br  found  or- 
casionallj'  in  tropical  highlands,  e.g.  in  East 
and  southern  Africa. 

Uses  Till'  fleshy  Ifjd"  stalks  are  chopjx-il  and 
stewed  with  sugar.  The  produce  is  eaten  either 
as  a  side  dish  with  a  staple  food  and  meat, 
served  as  a  su  eet  dessert,  used  in  pies  or  made 
info  jam.  Some  users  add  lime  to  tem])er  the 
acidity,  but  then  the  taste  also  lades.  Wild 
Rheum  species,  but  also  rhubaib,  are  used  in 

traditional  medirino  in  .Asia  for  lowering  blood 
pressure  and  cholesterol,  inhibiting  progres- 
sion of  diabetic  nephropathy,  and  curing  cere- 
bral injuries. 

Production  and  international  trade  Al- 
though rhubarb  is  a  fairly  important  vegetable 
in  temperate  areas,  there  are  few  statistical 
data  on  production  .md  trade.  In  iropirni  .Africa 
it  is  grown  on  a  small  scale,  mainly  for  Euro- 
pean clientele,  mostly  in  Zimbabwe. 

Properties  The  nutritional  composition  of 
raw  rhubarb  per  lOO  g  edible  ]>ortion  is:  water 
93.6  g,  energj-  88  kJ  (21  kcalj,  protem  O.U  g,  fat 
0.2  g,  caibohydrate  4.5  g,  fibre  1.8  g,  Ca  86  mg; 

12  ma.  P  1  1  inu  Fi'  0.2  m^;  Zn  0  1  mu.  vita- 
mm  A  102  lU,  thiamin  0.U2  mg,  riboflavm  0.03 
mg,  niacin  0.30  mg,  folate  7  |ig.  ascorbic  add  8 
mg  (LTSDA,  2002).  The  j  1  r    ily  i  ,]  t  iste  is 

caused  by  the  preisenre  nf  malic,  o.xalic  and  citric 
acids  and  saturated  and  unsaturated  Ce  alde- 
hydes and  adds.  Rhubaib  contains  free  oxalic 
acid.  The  oxalate  content  varies  bet  worn  culti- 
vars  and  samples,  in  71  rhubarb  genotypes  the 
mean  content  of  water-soluble  oxalate  on  a  drj' 
matter  basis  was  3.1%  (1.6-^3.0%),  that  of  total 
oxalate  ■).;!%  (;',  li-;)  2%):  the  mean  c-ontent  of 
malate  was  21.U%  tl2.2-2U.2%).  If  consumed  in 
modest  portions  and  not  more  than  a  few  times 
per  week  health  hazards  .are  unlikely  .Anfho- 
cyanins  in  the  juice  of  the  leaf  stalk  are  respon- 
sible for  the  red  odour.  A  common  antinutri- 
tional  oompaiient  in  Sheiim  species  is  the 
mutagcnous  nnthraquinono,  but  no  evidence  of 
mutagenicity  has  been  detected  m  rhubai-b  leaf 
stalks.  Anthraquinone  ooncentratians  are  higher 
in  the  leaf  blades  and  roots. 


Rheum  ^ybridum  -  1,  plant  habili  3,  leaf 

xtalh; .?  iiiParrscpfiee  branch;  4,  flower;  S,  fruit. 
Source:  PKOSEA 

Description  Robust,  perennial  luftedherb 
up  to  1,5  m  tall,  with  a  woody  rhi/ome  and 
fleshy  roots.  Leaves  in  a  rosette,  simple,  large, 
alternate  and  gradually  smaller  on  flowering 
stem:  stipules  united  to  form  a  lar^e  whitish, 
membranous  sheath;  petiole  up  to  1  m  long  and 
often  more  than  2  cm  in  diameter,  fleshy,  on 
the  upper  side  flat,  on  the  underside  obscurely 
proovod  or  rounded  with  sharp  mnrpins,  prrrn 
often  tmged  with  red  or  pink;  blade  broadly 
ovate  or  cordate,  20-60  cm  x  15-dO  cm,  base 
cordate,  apex  obtusely  rounded  marpins  undu- 
late or  crispy  and  irregularly  ciliate,  palmately 
3— 7-veined,  pubescent  on  the  veins  beneath. 
Inflorescence  a  large  panicle  inaii\ -flnwend 
I'lowers  bisexual,  small  greenish-white  U'lJals 
in  2  whorls  of  3,  free;  stamens  t);  ovary  supe- 
rior, 1 -celled,  styles  3.  Fruit  an  ovoid  nut  c.  1 
cm  lonL'     it''i        ■•".lii'-iiviu-^  win<:s 

Other  botanical  information  Rheum  com- 
prises about  50  species;  in  Asia  several  wild 
species  are  used  in  the  same  way  as  rhubarb 
and  are  occnsionnlly  cultivated  as  a  vegetable, 
but  more  often  for  medicmal  uses.  The  name 
Rheum  ^ihybridum  designates  all  commerdally 
cultivated  hybrid  rhubaib,  as  the  identity  of  the 
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parents  is  not  known.  Snmo  woU-laiown  culti- 
vars  are  Early  Red',  Prince  .\lbert\  A'ictoria', 
Unneus',  Oregon  Red  Giant'  and  Cnms<jn  . 

Growth  and  development  Rhuliarli  pl;in(s 
grow  last  and  m  the  tropics  normally  without 
dormancy.  They  stay  vegetative  and  continu- 
outily  proiiuc!"  new  l<-;i\t's,  Iliirvcstiiii;  should 
not  be  carried  out  during  the  first  6  months  to 
enable  plants  to  become  well  established  and  to 
buiU  up  reserves.  Rhubarb  can  be  harvested 
for  mnny  years  but  needs  a  period  of  rest  nfter 
each  hai-vesting  season.  The  plant  clumps  are 
divided  and  replanted  in  freA.  soil  about  once 
(  Very  T)  yi  ars  to  prevent  the  development  of  a 
high  proportion  of  small  leaf  stalks  with  low 
oommwcial  value. 

Eioology  In  temperate  climates  plants  enter 
a  dormancy  period  during  winter  hut  in  tropi- 
cal conditions  dormancy  usually  does  not  occur. 
Dormancy  is  induced  by  very  short  dajrs  (<  10 

hours)  rather  than  by  low  tempei-atiii-es.  Elon- 
gating daylength,  combined  with  higher  tem- 
peratures and  irrigation  after  drought  will 
break  the  dormancy.  Rhubarb  is  well  adapted 
to  hi^h  rainfall  conditions  provided  drainage  is 
good.  It  cannot  stand  waterloggmg.  Cultivation 
in  the  tropics  is  mostly  above  800  m  altitude. 
The  optimum  temperature  for  growth  is  10- 
2&''C.  Diurnal  variations  in  temperature  are 
beneficial  for  growth. 

For  flowering  rhuharh  requires  a  vernalization 

temperature  hel<iw  !)"('  for  several  months. 
Consequently,  rhubarb  rarely  flowers  in  the 
tropics.  Most  cultivars  are  sensitive  to  tem- 
peratures above  SOT.  rausinij  the  production 
of  spindly,  weak  leaf  stalks  and  reducmg  the 
desired  red  colour.  Soils  should  have  a  h^;h 
content  of  organic  material  and  nutrients  for 
saf isfactojy  yields.  .\  moisture-retaining,  but 
well-drained  soil  is  preferable.  Although  rhu- 
baii)  tolerates  acid  conditions,  growth  is  opti- 

m.'il  in  fhf-  ]iH  r.an^f  fS.o-T.O. 

Propagation  and  planting  Kliubarb  is 
propagated  by  division  of  the  rhizome  into 
pieces  with  at  least  one  well-developed  bud.  A 
new  plantinu  should  only  l)e  started  from  vig- 
orous healthy  mother  plants.  Rhizomes  should 
preferably  be  divided  and  planted  during  the 

dormant  phase  in  temperate  climates  in  late 
autumn,  m  the  tropics  at  the  beginning  of  the 
rainy  season.  Propagation  from  seed  is  only 
reoommanded  for  a  few  commercially  available 
cultivars:  in  other  cultivars  the  resulting 
plants  are  likely  to  be  variable  and  high  qual- 
ity cannot  be  guaranteed. 
Before  planting  the  soil  should  be  deeply  culti- 


vated. Planting  material  is  placed  in  ti-enches 
or  furrows  about  30  cm  deep,  75-100  cm  apart, 
with  1.6-2  m  between  rows,  partially  filled 
with  urganic  manure  or  compost,  (he  buds  just 
showing  at  the  soil  surface.  L  nder  favourable 
conditions  plants  may  e]q>and  to  1.5  m  in  di- 
ameter. If  necessan,',  drainage  can  be  improved 
by  planting  on  raised  beds  or  ridges. 

Management  Rhubarb  should  be  kept  well 
\\at<  red  and  free  from  weeds,  particularly 
w  hile  <  s(ahlishinc  Flowering  stems  whiih  are 
rare  in  the  tropics,  should  be  removed  as  they 
weaken  the  plant.  The  mineral  uptake  is  quite 
high  and  regular  applications  of  NPK  are  re- 
quired to  stimulate  growth. 

DlseMea  mnd  pests  Rhubaib  is  susceptible 
to  virus  diseases,  e.g.  arabis  mosau'  \irus 
(ArM\').  turnip  mosaic  virus  (TuM\')  and 
strawberry  latent  ringsput  virus  (SRLSV), 
whidi  cause  gradual  degeneration.  It  may  act 
as  permanent  source  of  infection  for  other 
crops.  In  temperate  areas,  virus-free  planting 
material  is  obtained  by  meristem  culture.  A 
main  problem  is  root  rot  caused  by  soil  fungi 
(Pyfliiuin  Plivtophthfiiii)  <\i-  hartena  and  wors- 
ened by  impaired  diauiage.  Rainuluria  vliei  and 
Cercoapora  may  attack  the  leaf  blades  causing 
leaf  spot.  In  Zimhal)W(^  chrj'somelid  leaf  IwH^tles 
{ALtica  sp  )  and  aphids  (Alacroaipluiin  euphor- 
biae,  Myzii.s  /x-rsicae)  have  been  observed  as 
pests.  Rhubarb  is  moderately  susceptible  to  root- 
knot  nematodes  (Meloidofiyiic  spp  ) 

Harvesting  Harvesting  is  done  by  pulling 
and  twisting  the  leaf  stalks  upwards  so  that 
they  sejtarate  cleanly  from  the  rhizome  Adult 
plants  can  be  harvested  weekly  or  each  time 
wh^  sufficient  new  leaves  have  developed, 
leaving  at  least  4  leav(>s  for  photosj  nthesis  and 
new  production.  I'sually  the  tough  old  leaves 
and  small  young  ones  are  left.  After  a  harvest 
period  of  some  months  a  rest  period  is  recom- 
mended in  order  not  to  exhaust  the  plants. 

Yield  In  temperate  areas  an  annual  yield  of 
1.5-<3  kg  of  leaf  stalks  per  plant  is  obtained, 
but  in  the  tropics  the  plants  usualfy  have  less 
vi<;our  and  yield  less. 

Handling  after  harvest  Alter  harveslmg 
the  leaves,  the  blades  are  removed  and  the 

basal  sheath  of  the  stalk  may  remain  nltnched 
or  be  trimmed.  The  produce  can  be  stored  for 
up  to  3  weeks  at  0-2°C  and  >90K  relative  hu- 
midity. 

Genetic  resources  :\  germplasm  collection 
of  Rheum  species  is  maintamed  at  the  Nordic 
Gene  Bank,  Swedish  L^niversity  of  ^ricultural 
Sd^Mses,  Uppsala.  Rhubarb  foimd  in  Africa 
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usually  rrsults  from  old  introdudions  and  of- 
ten has  poor  growth  and  small  leaf  staUis,  pos- 
sibl}'  because  of  degeneratiooi  through  virus 

infect  11  ni, 

Breeding  Breeding  is  relatively  easy  as  dif- 
ferent species  hjFbridize  easily  and  promising 

seledions  can  li<-  piopasati'd  vegetal  i\ fly  Seed 
companies  have  little  interest  in  rhubarb,  al- 
though several  seed-propagated  cultivars  are 
available.  Bn>eding  criteria  for  rultivars 
adapted  to  the  tropirs  are  vigour,  largo  leaf 
stalks  free  of  strings,  red  colour,  low  acidity 
and  oxalate  content,  and  tolerance  to  high 
teniiii'iatiires,  drought  ami  watcilngging. 

Prospects  In  tropical  Africa  rhubarb  is 
likely  to  remain  of  local  importance  oaily  and 
there  is  no  high  priont.\  fur  research  or  breed- 
ing, Adapti'd  \  irus-fii'c  planting  in;it<'rial 
should  become  available,  or  seed  of  adapted 

cultivars.  The  medicinal  properties  of  riiubaib 

nor-il  nil ■  at  1 1 -nt  inn . 

Major  references  Choudhuiy^  B.,  1967; 
Commonwealth  Bureau  of  Horticulture  and 
Plantatiun     Crops,     1070:     Huibers-<  iDvat'i  t 
I.I.M.   lyya:  Rubatzky.  V.E.  &  Yamuguchi,  M, 
1997;  Tmdall,  li.D.,  1968;  USDA,  2002a. 

Otiier  refereuees  Dregus,  M.,  Barta,  J.  & 
Engc'l  K.H.,  2003;  Hilh-r  I..K.  Koss,Avski  M. 
&  KeUy,  W.C.,  1974;  Libert,  B.  &  Englund,  R.. 
1989;  Marshall,  D.E.,  1988;  Paneitz,  A.  & 
Westendorf  J.,  2000;  Rumpunen,  K.  &  Henrik- 
son  K    l!t!i|<  Wi  lls  I'  ll  &  Cning  W.D.,  1083. 

Sources  of  illustratiou  Huibers-Govaert, 
I.I.M.,  1993. 

Authors  C  MI.  Crubhen 
Based  on  PRUSEA8:  Vegetables. 

RORIPPAMADAGASCARIENSIS  (DC.)  Hara 
Protologtte  Joum.  Jap.  Bot.  30: 197  (1966). 

Family  Pii-assiraroao  (Pniriforao) 

Synonyms  NasturtUiin  humifiiaum  Guill.  & 
Perr.  (1831),  Rorippa  humifusa  (Guill.  &  Perr.) 
Hiern  (1896). 

Vernacular  names  Watercress  African 
cress,  Nigerian  watercress  (En).  Cresson,  cres- 
son  sauvage,  cresson  du  SSn^gal  (Fr). 

Origin  and  geographic  distribution  Non'p- 
pa  inadagaacariensia  occurs  widespread  but 
scattered  in  tropical  Africa,  particularly  along 
the  west  coast  from  St  in  gal  to  northern  Na- 
mibia, but  also  in  Central  (Centrnl  African 
Republic,  DK  Congo,  Burundi),  East  (Uganda, 
Tanzania)  and  southern  Africa  (Zambia),  and 
in  Madagascar. 


Uses  Rorippa  itiodajiascariensis  is  collected 
from  the  wUd  and  eaten  raw  as  a  salad  in 
many  countries,  comparable  with  the  culti- 
vated watercress  (Nastuiiiuin  officinale  R.Br.). 
It  imparts  a  peppery  flavour.  It  can  also  be 
consumed  cooked  or  in  soups.  It  is  a  good  for- 
age for  liv(>st<irk  In  .X'igeria  the  leaves  are  con- 
sidered to  purity  the  blood. 

Botany  Annual  herb  with  fme  taproot,  more 
or  less  glabrous.  wi(h  wry-  short  stems.  Leaves 
in  n  rosette  pinnatipartito  3—1 1  cm  ^  2  cm. 
petiolate;  segments  in  1-6  pairs,  orbicular  to 
ovate,  up  to  1.5  cm  long,  margin  crenate  to 
dentate,  sometimes  lobed,  terminal  leaflet  usu- 
ally largest;  stem  leaves  absent  or  few,  similar 
to  but  smaller  than  basal  leaves.  Inflorescence 
an  axiUary,  densely-flowered  raceme,  in  fruit 
la.\  and  ascfnding  and  up  to  9  cm  long,  usually 
not  reaching  above  the  leaves.  Flowers  bisex- 
ual, regular,  4-merous,  small;  pedicel  1-3  mm 

long:  sepals  olliptirai  c.  1  mm  long,  groon  to 
violet;  petals  veiy  narrow^,  c.  1  mm  long,  white; 
stamens  6,  filaments  linear;  ovary  superior, 
t'llipsoid,  2-oelled,  style  very  short,  stigma  flat. 
Fruit  a  cylindrical  silique  7-1.5  mm  1-1.5 
mm,  dehiscmg  with  2  valves,  many  seeded. 
Seeds  orbicular,  c.  0.6  mm  in  diameter,  red- 
brown  finely  reticulate. 

Rorippa  comprises  about  75  species  and  is  dis- 
tributed worldwide.  From  trc^ical  Africa 
(Madagascar  includedO  about  8  species  are 

known. 

Ecology  Rorippa  inadagaacarieiisis  am  be 
found  in  humid  localities  sudi  as  open  river 
banks  and  edges  of  pools,  sometimes  along 
forest  paths.  It  is  mostly  confined  to  the  low- 
land, but  may  occur  up  to  1200  m  altitude. 

Genetic  resources  and  breeding  Rorippa 
itiadnc'nscaritvisi.'i  is  widespread  and  not  in 
danger  of  genetic  erosion. 

Prospects  Rorippa  madagasearun$i$  will 
remain  a  minor  wild  vegetable  of  local  impor- 
tance in  times  when  other  vegetables  are 
scarce. 

Major  references  Burkill,  H.M.,  1091:  Jun- 
sell  n,  1071:  .Jonsell.  B,  1080:  .lonsell.  B.. 
1982b;  Raponda-Walker,  A.  &  Sillans,  R.,  1961. 

Other  references  Exell,  AW.,  1960;  Jon- 
sell, B.,  1082a;  Marais,  W.,  1970;  Robyns,  W,  & 
Boutique,  R.,  1951. 
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RUMEX  ABYSSINICUS  Jacq. 

Protologue  Hort.  bot.  vindob.  3:  48,  t.  93 

(1777). 
Family  Polygonaceae 
Chromoaome  number  2n  =  54 

Synonyms  Rtiiii<:\  .H(  hini/«>ii  Moisii  ( ISriG), 

Vernacular  names  Sorrel,  dock,  Spanish 
rhubarb  (En).  Oseille  d'Abyesinie,  oseille 
sango,  surelle  (Fr).  A/edinha  brava  (Po).  Mdia- 
chu  nirhumvirhumvi  (Sw) 

Origin  and  geographic  distribution  Bum  ex 
abyaauUciu  is  widespread  in  tropical  Africa, 
most  commonly  in  tht-  hiuhlnmls.  partiouhirly 
in  central  and  eastern  Africa,  and  Madagascar. 

Uses  l^e  tender  ahoota  and  leaves  of  Rtimtx 
abyasiiiiciis  are  edible  and  widely  used  as  a 
vegetable.  Thf>  have  an  arid  taste  and  are 
eaten  fresh  or  cooked,  alone  or  together  with 
other  vegetables.  In  Tanzania  the  stem  is 
chewed  like  sugar  rane  for  its  swortnoss  and 
the  leaves  are  eaten  as  an  acidic  snack  by 
herdsmen,  farmers  and  diildren.  The  rhizomes 
yield  a  yellow  and  red  dye.  The  dye  is  used  in 
Ethio|iia  in  butter  as  a  condiment,  to  give  it  a 
rich  yellow  colour  and  as  protection  against 
rancidness.  The  dye  is  also  used  to  impart  a 

red  mlour  to  the  feet  and  hands  of  women.  In 
Uganda  the  plant  is  occasionally  cultivated  to 
obtain  the  red  dye  for  colouring  wickerwork 
and  mats  of  grass  nn<]  raffia  in  Rwanda  to 
obtain  the  yellow  dye.  The  plant  is  browsed  by 
livestock. 

Sap  of  the  aerial  parts  is  applied  as  a  treat- 
ment for  pneunmnia  ami  oiugh  in  eastern  Af- 
rica. In  Ethiopia  the  plant  is  used  to  treat 
jaundice  and  related  liver  diseases,  scrofula, 
stomadi-adie,  nedcachc  ,-in<l  low  blood  pres- 
sure, and  as  n  wound  dressinp  haemostatic 
and  depurutive;  the  rhizome  is  used  as  a  taeni- 
fuge.  In  DR  Congo  a  leaf-compress  is  applied  to 
area?  nf  rheumatism,  an  infusion  is  taken  as  a 
purgative  and  root  sap  is  applied  agamst  sca- 
bies. In  Tanzania  the  stem  and  ihizome  are 
believed  to  act  as  a  galactagogue.  The  whole 
plant  fresh  or  dried,  is  ground  up  in  Tanzania 
and  placed  on  sores  and  parts  affected  by  sca- 
bies. An  extract  of  the  rhizome  is  taken  to  con- 
trol  mild  forms  of  diabetes  in  eastern  .Africa 
and,  with  water,  to  cure  stomach-ache. 
Pounded  ifaizomes  and  roots  are  applied  on 
wounds  and  are  !>]«>  rnn-.id<'ivd  to  have  purga- 
tive properties.  In  Rwanda  and  Tanzania 
crushed  plants  are  used  to  scour  clean  cooking 
pots  blackened  over  the  fire  and  to  remove 
grease. 


Properties  There  is  no  information  on  the 
nutritional  composition,  but  it  is  probably  com- 
parable to  garden  sorrel  (Rumex  aeetoaa  L.), 
which  is  widespread  m  temjierate  regions  The 
following  constituents  have  been  found  in  Ru- 
mex abyaauuauK  oxaUc  acid,  chrysophanic  add, 
cluysophanol.  emodine  and  physoion.  Several 
substances  are  toxic,  e.g.  chrysophanic  acid. 
The  roots  possess  antibacterial  activity  against 
Str^tococrii.'i  pyogenes  (causmg  several  dan- 
gerous infections  and  di.seases)  and  anti- 
inflammatoiy  activity  by  inhibitmg  the  sjiithe- 
sis  of  prosta^andin  (a  substance  produced  by 
invaders  rnunteracting  defensive  activities  of 
the  body).  tiuiiwA  abyaainicua  has  strong  anti- 
viral activity  against  Coxsackie  virus  (causing 
a  disease  resembling  poliomyelitis)  and  influ- 
enza A  virus  In  vitro  it  demonstrated  prolif- 
eration of  murine  macrophage  cells,  suggesting 
that  it  may  have  a  role  in  improving  the  im- 
mune system  of  the  body  and  in  the  proces.s  of 
wound  healing  (promoting  regeneration  of 
epithelial  cells). 

Botany  Very  stout  perennial  herb  up  to  4  m 
tall,  with  fleshy  rhizome  and  glabrous  red- 
green,  grooved  stem  up  to  3  cm  in  diameter  at 
base.  Leaves  alternate,  simple;  ocrea  fiinnel- 

shajied,  2— 2.5  cm  long  brown,  easily  torn:  peti- 
ole often  as  long  as  the  blade;  blade  triangular- 
hastate,  basal  leaves  up  to  26  cm  x  20  cm  with 
palmate  venation,  stem  leaves  much  smaller. 
Inflorescence  a  large  and  richly  branched  leaf- 
less panicle  up  to  50  cm  long,  with  flowers  in 
small  clusters.  Flowers  usually  bisexual;  pedi- 
cel slender,  up  to  5  mm  lung:  tepals  n  outer  3 
ovate,  1.5  mm  long,  retlexed  in  fruit,  brown, 
membranous,  inner  3  cordate,  1-1.6  mm  long 
during  flowering,  enlarging  in  fruit  up  to  (i  mm 
long,  green  with  red  margins  and  distinct  re- 
ticulate veins,  i-ed-brown  in  fruit.  Fruit  a 
sharply  trigonous  nut  2-4  mm  long,  shiny  pale 

to  dai'k  lii'in\  n 

Rumex  comprises  about  2U0  species,  many 
originating  from  northern  temperate  regions. 
Rumex  abyssinieua  is  variable,  particularly  in 
the  leaves,  and  numerous  varieties  have  been 
distinguished,  but  these  are  of  liltie  practical 
value  because  of  many  intermediates. 

Ecology  Rtiiiirx  ahy.isim'ni.s  is  a  common 
weed  in  fields  and  plantations.  It  also  occurs 
along  paths  and  water,  in  secondary  scrub, 
grassland  and  margins  of  rain  forest,  up  to 
.3.300  ni  altitude.  In  Tanzania  it  thrives  on  vol- 
canic soils  and  sandy  loams,  whei-e  annual 
rainfall  is  1100-2200  mm. 

Blauagemeut  Rumex  abyasmieua  is  usually 
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collected  from  the  wild.  As  a  weed  it  is  often 
tolerated  in  fields  and  plantations.  In  Gabon, 
DR  Congo,  Rwanda  and  Uganda  it  is  cult  ivated 
as  a  vt'gtr-f  fiblc  or  us  n  <lve  pnidun'r,  It  ciiii  lie 
propagated  by  seeds  and  after  establishment 
hy  division.  For  optimum  leaf  production  the 
inflorosconecs  slmulil  be  ii'inox'cil,  Leaves  are 
usually  collected  in  the  ramy  season  whenever 
needed. 

Genetic  resources  and  breeding  Riiinex 
abysshiini.s  is  rnther  widesprmrl  nnd  not  in 
danger  of  genetic  erosion.  A  large  germplasm 
collection  is  kept  in  Germany  (Gatersleben). 

Prospects  Rtunex  abyssiiticus  will  n  in.un 
locally  an  important  vegetable  from  the  wild.  Its 
nutritive  and  medicinal  properties  deserve  bet- 
ter investigation,  also  because  related  plants 
have  been  used  in  tretiting  si-'histosomijisis 

Major  references  Burkill,  H.M.,  liiB7; 
Graham,  RA.,  1968;  Hedberg,  O.,  2000; 
Katondo,  .\  R.  SsoRnwa,  P.  &  Bimie,  A.,  1999; 
Ruffo,  C.K..  Bimie,  A.  &  Tengnas,  B.,  2002. 

Oilier  references  Cavaco,  A.,  1953:  Getie, 
M..  <jebre-Mariam.  T.  Kietz.  R.,  Hohne.  C. 
Iluschka,  C,  Schmidtke.  M..  Abate,  A.  &  Xeu- 
bert,  R.ILIL,  2003;  Jansen,  P.C.M.,  1981;  Kok- 
waro,  J.O.,  1993;  Nguyen  Thi  Do,  2001b; 

Rnpnnd,-i-\V.i1k(r     .\.    &    Sillnns,    R.  VM'y]; 

Rechmger,  K.il  .   19,34;  Stevels,  J.M.C.,  1990; 
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Westphnl,  E.,  V.Un. 
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RUMEXNEPAUa^SIS  Spreng. 

Protologue  Syst.  veg.  2:  169  (1825). 
Family  Po^^onaoeae 

Chromosome  number  '_';/  -  10  lUO 

Synonyms  Ruinex  sleudelii  Hochst.  ex 
A.Ricfa.  (I860),  Rumex  b0quaerm  De  VfAd. 
(1020)  Rnmrx  quarrri  Do  Wild.  (1920). 

Vernacular  names  Dock,  sorrel  (£n).  Ca- 
naigre  du  pays  (Fr). 

Oijgiu  and gM>^»phic  distribution  Rumex 
tti'pah'iisi's  is  widespread  throughout  .\firica 
and  the  Mediterranean  to  eastern  Asia. 

Uses  The  leaves  and  sroung  shoots  are  locally 

eaten  n-^  .i  <-iM)kod  vopetnblo  bill  iiftrn  only  in 
times  of  scarcity  and  mixed  with  other  vegeta- 
bles. In  tropical  Africa  the  use  as  a  vegetable  is 
recorded  from  Iiwanila.  Kenya  and  Malawi, 
and  it  is  also  used  in  South  Afrirn 
In  Ethiopia  an  aqueous  rhizome  extract  is 
drunk  to  treat  rheumatism,  coli<^  stomach-ache 
and  abdominal  pains  caused  by  intestinal 


parasites.  In  Tanzania  and  Ethiopia  the 
roasted  rhizome  is  applied  to  abscesses  nnd 
crushed  leaves  to  wounds  The  herb  is  also 
I'onsideii'il  as  a  niodii'me  for  <-niifc,'h  and  bead- 
ache,  as  a  laxative,  antidote  and  depurative.  in 
South  Africa  a  strong  leaf  decoction  is  said  to 
be  effective  for  schistosomiasis.  In  Malawi  an 
infusion  of  the  root,  often  mixed  with  other 
ingredients,  is  used  to  cure  pneumonia,  dysen- 
ten,-  and  xcncrral  diseases  !n  Knanda  the 
plant  is  used  to  clean  blackened  cookil^  pots, 
and  in  India  the  rhizome  for  dyeing. 

Properties  There  is  no  information  on  the 
nutritional  composition  but  it  is  luobably  etmi- 
parable  to  garden  sorrel  (Jiuinex  acetosa  L.), 
which  is  widespread  in  temperate  regions.  The 
rhizome  of  Rumex  itepaleiiais  contains  tannin 
(about  1%1  chtysophanic  acid  (rumicin)  and 
nepodin  (nepalin).  An  aqueous  and  ethanoi 
extract  of  the  leaves  showed  antihistaminic, 
anticbolinert^ir  or  antibradykinin  activities  on 
rabbit  skin  in  vivo. 

Botany  Stout,  erect,  rhizomatous  perennial 
herb  up  to  l(-2)  m  tall,  with  green  or  pale 
brown  stem.  Leaves  alternate,  simple;  ocrea 
tubular;  lower  leaves  long-peliolate,  upper 
leaves  shortly  petiolate;  blade  of  lower  leaves 

oblonp-(i\  ril e  20— cni  >■  12-20  cm,  base  cor- 
date, margins  undulate-denticulate,  crispy  or 
flat,  puberulous  beneath,  blade  of  cauline  and 
upper  leaves  broadly  ovate-lanceolate,  base 
rordnte  to  rounded  or  subtrunrate,  Inflores- 
oence  a  panicle  with  spreading  branches,  al- 
most leafless^  with  somewhat  remote  whorls  of 
flowers.  Flowers  unisexual,  usually  pendulous: 
tepais  6,  reticulately  veined;  inner  3  oblong- 
ovate,  3^  mm  long  in  fruit,  each  margin  with 
fy-fi  hooked  teeth,  apex  clrdnately  incurled,  at 
least  1  segment  with  pronounced  fusiform  tu- 
bercle (swollen  midvein).  Fruit  a  sharply 
trigonous,  ovoid  nut  3-6  mm  x  2-2.6  mm, 
plossy  brown. 

Rumex  comprises  about  200  species,  many 
originating  from  northern  temperate  regions. 

Ecology  Rumex  nepalenaia  occurs  as  a  weed 
in  disturbed  habitats,  and  in  moorland,  grass- 
land and  bushland  at  700—4000  m  altitude. 

Managemeat  Rumex  lu^Htlmsis  is  collected 

from  ihi-  wild  .'ind  is  not  cultivated 

Genetic  resources  and  breeding  Rumex 
nepalenaia  is  widespread  and  not  in  danger  of 
genetic  erosion.  A  large  gernii>lasm  collectiaa  is 
kept  in  ♦'lermany  (datersleben). 

Prospects  Ruiiw.v  iiepalensis  will  remain  a 
minor  vegetable  and  medicinal  plant,  which  is 
only  locally  important.  More  researdi  is  needed 
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to  evaluate  its  nutritional  and  medicinal  prop- 
erties. 

Major  references  Burkill,  H.M.,  1997; 
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Autiiors  P.C.M.  Jansen 


RDMGX  VESTCARIim  L. 

Protologue  Sp.  pi  1:  336  (1753). 
Family  Polygonaceae 
Chromosome  nnmber  2n  =  18 
Vernacular  names  Sorrel,  bladder  dock, 

rosy  dock  (En). 

Origin  and  geogp-aphic  distribntion  In  Af- 
rica Rumex  vesicariu  ^  uk  urs  in  drier  regions 
firom  Maurit;ini!i  nud  Miili  east  to  Sudan. 
Ethiopia  and  Somalia;  uutside  ^-Vfrica  I'rum  ihe 
Mediterranean  east  to  India.  It  has  oocasion- 
nlly  beon  trifd  with  surross  in  moiv  humid 
areas,  e.g.  in  Tanzania.  In  other  areas,  e.g. 
Australia,  it  has  become  a  difficult  to  eradicate 
weed  after  introduction. 

Uses  In  sovornl  parts  of  the  Sahara  and  Sa- 
hel  regions  Rumex  veaicariua  is  eaten  as  a 
vegetable,  e.g.  in  Mauritania,  Mali  and  Sudan. 
In  India  it  is  tx)nsidered  a  famine  food  and  the 
leaves  are  first  boiled.  It  is  grazed  by  livestock. 

Botany  Annual  or  perennial,  shrubby,  rhi- 
lomatous  herb  up  to  50  cm  tall,  strongly 
brnnchod  from  the  bn.'io,  with  yoTmtr  ht^rba- 
ceous  green  stems  turning  brown  and  woody 
when  older.  Leaves  alternate,  simple;  ocrea 
fxinncl -shaped  up  to  8  mm  long:  petiole  about 
as  long  as  blade;  blade  triangular  to  oblong- 
triangular,  up  to  7  cm  X  4  cm,  cuneate  to  trun- 
cate at  base,  glabrous  but  with  small  warts  all 
over  the  suri';i(  <>  Inflorescence  a  dense  axillary 
or  terminal  panicle.  Flowers  bisexual  or  male; 
tepals  6,  inner  3  cordate,  c.  3  mm  long  at  flow- 
ering onlnrping  to  2  cm  in  fruit  and  then  with 
conspicuous  red  reticulate  venation,  2  tepals  of 
eadi  flower  with  tubercles  (swollen  midvein). 
Fruit  a  trigonous  nut  3-~>  mm  long,  brown. 
Rumex  comprises  about  'Jdi)  species,  many 
originating  from  northern  temperate  I'egions. 

Ecology  Sumex  vesietuius  grows  in  dry  ar- 
eas among  loose  stones,  on  grassy  or  gravelly 


slopes,  from  sea-level  up  to  1 150  m  altitude. 

Management  Rumex  vesicarius  is  collected 
from  t  he  wild  and  not  cultivated.  Sometimes  it 
has  het  ome  a  cumbersome  weed, 

Genetic  resources  and  breeding  Rumex 
veaicariua  is  widespread  and  not  in  danger  of 
genetic  erosion.  A  large  germplasm  collection  is 
maintained  at  Gateraleben,  Germany. 

Proapeoto  Rumex  veaieariua  will  remain  an 
interesting  vegetable  for  dr>-  areas  where  other 
foods  are  scarce  Research  is  needed  to  evalu- 
ate its  nutritional  value. 

Ma^or  references  Buridll,  H.M.,  1997; 
Hedberg.  O.,  200n  Thulin.  .M.,  1993b, 

Oflker  references  Reehinger,  K.Ii.,  1954. 

Audiors  P.C.M.  Jansen 


Salicok.m.\  f.\ciivst.\ciiv.\  Bunge  ex  Ung.- 
Stemb. 

Protologue  V  ers.  Syst.  Salicom.:  51  (1866). 
Family  Chen<^XM]iaceae  (APG:  Amaranths- 
ceae) 

Synonyms  Arthrocnemum  pachystachyum 
(Bunge  e.\  Ung.-Sternb.)  A.Chev.  (1922),  Sali- 
eomia  penien  A.Chev.  (1922). 

Vernacular  names  Glasswort,  samphire 

(En).  SaUoome  (Fr) 
Origin  and  geographic  distribntion  SaU- 

cornia  pachyslachya  grows  along  tin  i  i.nst  of 
eastern  .\fncn    from  Kenya  to  Sfnith  ,\f'rica 
and  of  Madagascar  and  other  Afi-ican  Indian 
Ocean  islands. 

Uses  Young  shoots  of  Saliconiid  pucliy- 
alachya  are  collected  from  the  wild  and  eaten 
fresh  in  salads  or  as  a  garnish,  pickled  in  vine- 
gar, or  as  a  cooked  vegetable,  similar  to  other 
Salicnniia  species  outside  Africa.  The  plant  is 
also  a  good  forage  for  many  animals,  it  is  said 
that  juice  of  the  fresh  plant  is  an  excellent  diu- 
retic. 

Properties  Salicomia  pachyslachya  is  rich 
in  salt.  Formerly,  the  ash  of  Salicomia  species 

was  used  for  washing, 

Botany  En'ct.  •intui.il  i:l;ibruus  herb  up  to 
40  cm  tall;  stem  with  numerous  suberect  or 
ascrading  lateral  branches,  seemingly  leafless, 
built  up  of  numerous  superposed,  more  oi-  less 
tubular  succulent  segments,  each  segment  at 
apex  forming  a  little  cup  with  2  short  teeth 
embracing  the  base  of  tl^  next  higher  segment: 
sterile  segments  cylindnc'd  5-10  mm  x  2-4 
mm,  famtly  keeled  with  lateral  ridge,  glaucous 
to  brown-red;  fertile  segmoats  ag^pregated  into 
spikes  1-2.6  cm  long  at  the  end  of  stem  and 
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branches.  Flowers  in  clusters  of  3,  a  pair  of 
clusters  to  each  fertile  segment,  small,  im- 
mersed, bisexual,  protandrous;  perianth  tubu- 
lar, ininutoly  ^-ludthi'd:  sfnint-ns  usually  2  pi^r 
flower;  ovarj'  superior,  1-celled,  stigma  tufted, 
with  2-3  lobes.  Fruit  a  nut.  Seed  compressed 
ellipsoid,  c.  1,'  mm  lon^.  testa  thin,  membra- 
nous, minutely  hairy,  brown;  embryo  folded  so 
that  radicle  and  cotyledons  point  downward; 
cnddsjH'rm  absent. 

Siilintniiii  cnmprisos  30—40  .sporios  and  is  dis- 
tributed worldwide,  mostly  in  saline  habitat b 
al<Hig  coasts.  Its  taxonomy  is  not  yet  well  es- 
tablished. The  delimitation  of  Salicornia 
pachystachya  is  disputed.  Specimens  growing 
less  upright  with  narrower  (up  to  4  mm  in  di- 
ameter) and  inoK  t.i|H  i mg  fruiting  spikes  are 
often  fonsidi'it'd  to  belong  to  a  separate  spe- 
cies; Salicurnia  perrieri  A.Chev.  In  southern 
Africa  flowerinpr  is  from  June  to  October,  fruit- 
in  p  from  Dorombor  to  Januarj'. 

£cology  Salicornia  pachystachya  grows  in 
salt  marshes  and  mangrove  swamps  at  sea- 
level  near  coasts. 

Genetic  resources  and  breeding  Salicor- 
nia  pachyalachya  is  widespread  and  does  not 
seem  to  be  in  danger  of  genetic  erosion. 

Prospects  StUi^orti  in  jiarliy.sfarJwti  will 
remain  an  interesting  vegetable  with  a  dist  inc- 
tive taste.  SaUeomia  in  general  is  becoming 
more  and  more  appreciated  in  haute  cuisine 
cooking  and  there  may  nl>;n  he  an  inrreasing 
demand  for  Salicornia  pachystacliya.  Its  nutri- 
tional composition  and  cultivation  require- 
ni>  at  -  nil  commercial  scale  deserve  more  inves- 
tigation. 

Major  references  Brenan,  J.P.M.,  1964; 

Brenan,  d.P.M.,  1988;  Decarj-.  R.,  l{)4n;  van 
Wyk  B.E.  &  Gericke,  N..  2000;  Wilson,  P.G., 
1981. 

Other  rdferenees  Cavaco,  A.,  1954b;  O'Cal- 

laghan,  M  ,  1902;  Tolkrn,  H,R,  1967. 
Authors  P.C.M.  Jansen 


Samolus  valerandi  L. 

Pxotologne  Sp.  pi.  1: 171  (1753). 
Family  Primulaceae  (APG;  Theophrasta- 
oeae) 

Chromosome  nwnber  2n  =  26 

Vernacular  names  Brookweed  v\  iii  i  pim- 
pemrl  (En).  Mouron  d'enu  (Fr).  Alface  dos  rioe, 
coent  i*o  de  tchincherrote  (I'o). 

Origin  and  geographic  disixibntion  Samo- 
bia  valerandi  is  an  almost  oosmopoUtan  herb  of 


humid  localities  in  tropical  to  temppratc  re- 
gions, and  occurs  throughout  tropical  Africa. 

Uaes  The  young  leaves  of  Samohis  valerandi 
are  cullectcd  fiom  the  wild  and  oaten  as  a 
cooked  vegetable  or  raw  as  a  salad,  but  mostly 
only  in  times  when  other  vegetables  are  scarce. 
In  southern  Africa  the  plant  is  ut^ed  as  a  rem- 
edy for  itch,  ringworm  and  other  skin  rashes. 
The  plant  is  sometimes  cultivated  as  an  oma- 
1111 -a I  111  in  water  borders;  some  types  survive 
-iilsnn-rsion  for  some  months,  hut  Saiiiolu.t 
l  alemiuii  is  not  recommended  as  an  aquarium 
plant. 

Botany  Kn  ct.  glabrous,  annual  to  short- 
lived perennial  herb  up  to  50(-80)  cm  tail;  stem 
simple  or  branched,  arising  from  a  basal  ro- 
sette. Leaves  alternate,  simple,  fleshy;  rosette 
leaves  with  petiole  up  to  3  cm  long,  spatulate. 
4.5—10  cm  X  1.5—3.5  cm,  stem  leaves  usually 
gradually  becoming  smaller  and  subsessile. 

Tnfioresronre  an  axillary  or  terminal  many- 
flowered  raceme  up  to  25  cm  long.  Flowers 
bisexual,  regular,  5-merous;  pedicel  1-2.5  cm 
long,  usually  abruptly  bent  near  the  middle 
where  a  bract  is  attached:  cal>  x  cuji-shajied, 
tube  c.  1.5  mm  long  and  partly  adnate  to  ovary, 
lobes  triangular,  about  half  as  long  as  tube; 
corolla  ramiianulaic  c  2  mm  long,  with  spatu- 
late lobes,  white;  stamens  mserted  at  base  of 
corolla  tube,  alternating  with  staminodes  in- 
serted between  the  corolla  lobes;  ovarj-  half- 
inferior  globose,  stylo  O  r>  mm  long,  stigma 
rounded.  Fruit  a  globose  capsule  c.  3  mm  in 
diameter,  dehiscing  with  5,  strongly  reflexed 
valves,  many-soodod  S(  f>ds  angular,  c  0..'"i  mm 
long,  minutely  granular,  dark  brown.  Seedlmg 
with  epigeal  germination;  hypocoiyl  1—2  mm 
long,  epicotyl  absent;  cotyledons  leafy,  oblong- 
olliptiral  1 -1  ..5  mm  long. 

Saiiwlus  comprises  about  9  species,  with  only 
Samobts  vaUamndi  being  cosmopolitan,  the 

others  mostly  found  in  tho  Southorn  flomi- 
sphere.  Dispersion  of  Sainolus  valerandi  seeds 
IS  probably  effected  by  birds  and  by  wind. 

Ecology  Sainolus  valenmdi  grows  at  water 
level  on  stream  banks  m  swamps  in  drj'ing 
riverbeds,  along  coasts  and  in  dunes.  It  is  tol- 
erant of  saline  soils.  Seed  germinates  only  in 
light  does  not  survive  long  in  salt  water  and 
seedlings  die  in  sea  water. 

Genetic  reaourcas  and  breeding  Samobts 
valerandi  is  extremely  widespread  and  not  in 
danger  of  genetic  erosion. 

Prospects  Samohia  valeixindi  will  remain  a 
minor  vegetable,  paiticularly  of  importance  in 
times  of  food  scardly.  Its  nutritional  oompoai- 
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tion  and  medicinal  properties  need  investiga- 
tion. 

Major  references  Hurkill,  H.M.,  1997; 
Hrt;i  r.    1927:  Kupirli;i,  F  K  . 

Otlier  references  tJoutique,  K.,  1971;  Fi- 
gueiredo,  E.,  1995a;  Taylor.  P.,  1958;  Watt. 
J.M.  &  Breyer-Bnindwijk,  M.G.,  1962. 

Authors  P.C.M.  J  an  sen 


SCHOUWIA  PURPUREA  (Forssk.)  Schweinf. 

Protologue  Bull.  Herb.  Boiss.  4,  append.  2: 

18;MI89G). 

Family  Braasicaoeae  (Cruciferae) 

Chromosome  number  2n  =  36 

Synonyms  Scliounia  schimperi  Jaub.  & 
Sp;ich  (18  17).  Schuiut  ia  lliehuica  Webb  (1847). 

Vernacular  names  AluuaL  (Fr). 

Origin  and  geograpfaio  disteilraiicm  Sehou- 

tciii  /ill  rpii rra  is  distributoH  from  M.-nirit  nnin 
throughout  the  Sahel.  Sahara  and  northern 
Africa  to  Pjibouti  and  Somalia;  also  in  Arabia. 

Uses  The  Touareg  people  collect  the  leaves 
of  Schuiiwia  piirjuirea  from  the  wild  and  eat 
them  either  cooked  or  dried  without  salt.  The 
young  leaves  add  an  agreeable  flavour  to  a 
salad,  similar  to  thnf  of  <:,ir(]on  rocket  {Enicn 
veaiearia  (L.)  Cav.).  The  plant  is  relished  by 
camels,  green  or  dry,  less  by  other  livestodc. 
and  when  fresh  it  appears  to  reduce  the  cam- 
els' n<■l■(^  for  water.  Dry  [ilnnts  sei-ve  as  fuel. 

Properties  The  compo«ition  of  fresh  leaves 
and  flowering  tops  of  Sehouwia  purpurea  as 
;initii.-i!  fi'cil  is  per  kg:  fat  ]'^  q.  [iroteiii  70  g. 
mineral  content  U2  g  (of  which  17  g  insoluble  in 
HCI),  P  1.8  g,  N  11.3  g,  C/N  ratio  23.7  (Adam, 

j.r;.,  1 ;)(;()). 

Botany  Erect,  glabrous,  annual  herb  up  to  1 
m  tall;  stem  becoming  woodj'  at  base,  branched 
in  upper  part.  Leaves  alternate,  simple,  sessile 

and  cln.«»pinc  tbe  stem  nl  base  ratber  fleshy: 
blade  ovate,  2-6  cm  x  1.5—1  cm,  upper  leaves 
gradually  becoming  smaller,  margin  sinuate- 
dentate  to  almost  entire,  Infloresci  tice  ctjrym- 
bose  when  flowering,  in  fruit  elungatuig  to  a 
lax  raceme.  Flowers  bise.xual,  regular,  4- 
merous;  pedicel  up  to  7  mm  long  in  fruit;  sepals 
slipbtly  saccate  at  base  5-10  mm  lonp;  petals 
obovatc-oblong  to  spatulate,  7.6-15  mm  x  3-5 
mm,  piuple-violet  to  white;  stamens  6,  fila- 
m&atM  lin^r.  anthers  inunonate  at  apex: 
ovarj"^  superior  2-eelle(l  stigma  conical,  2- 
lobed.  Fruit  a  circular  silique,  flattened  and 
winged.  1.5-3.5  cm  in  diameter  with  an  up  to  1 
cm  kmg  beak,  ddiisdng  with  2  valves,  many- 


sccdcd.  Seeds  globose,  c.  2  mm  in  diameter, 
red-brown,  rather  smooth. 
Schouuia  comprises  only  one  variable  species. 
In  the  past  2  species  were  distinguished: 
Schouu  iu  purpurea  occurrmg  in  the  western 
part  (less  woody,  with  smaller  flowers  and 
fruits)  and  Schotiu  ia  tlwhaica  occurring  in  the 
eastern  part  (more  woody,  larger  flowers  and 
fruits).  In  the  literature,  these  are  sometimes 
distinguished  as  subspecies  of  Sehouwia  pur^ 
purea, 

Sehouwia  purpurea  is  of  «itomo logical  impor- 
tance since  it  provides  feed  and  shelter  for  the 

dc-^i-rt  locust  Schi.ttoiyrcu  gregaria.  which 
s<uTietunes  develops  migrating  populations  of 
plague  size  and  may  destroy  crops  completely. 

Eioology  Sehouwia  purpurea  is  a  desert  and 
savanna  p)lant.  It  may  occur  in  large  stands 
alter  rains,  from  sea-level  up  to  15U0  m  alti- 
tude. 

Genetic  resources  and  breeding  .Sc/jo;/- 
wia  purpurea  is  widespread  and  not  m  danger 
of  genetic  erosion. 

Prospects  Sehouwia  purpurea  will  remain  a 
minor  vegetable,  which  may.  however,  be  im- 
portant as  a  source  of  food  and  fodder  in  the 
Sahel  and  Sahara. 

Major  references  Rurkill,  H.M.  108,5;  El 
Naggar,  S.M.  &  Soliman,  M.A.,  199B;  Jafri, 
S.M.H.,  1977;  Jonsell,  B.,  1993. 

Other  references  Adam,  fl.O.,  lO^Kin:  don- 
sell,  B..  2000:  Maire,  R.,  1967;Moggi,  G.,  1967. 

Authors  P.C.M.  Jansen 


SCOKZONLKA  HISPANICA  L. 

Protologue  Sp.  pi.  2:  791  (1753). 
Family         r  n  r-ne  (( 'nmpnsitae) 
Chromosome  uiuuber  2n  -  11,  28 
Vemaoiilar  names  Seorsonera,  black  sal- 
sify, black  nysteiplnnf  (En).  Scorsonere  salsifis 
noir,  salsifis  (Fr).  Escorcioneira,  escorzonera 
(Po). 

Origin  and  geographic  distribution  Scor- 

zonera  is  a  native  of  central  and  southern 
Europe.  The  first  reports  of  cultivation  are 
from  the  17^  oentuty.  It  is  grown  in  temperate 
climates  thmuphnut  the  world  but  .selddm  nn  a 
commercial  scale;  Belgium  is  the  biggest  pro- 
ducer with  approximately  2000  ha  planted 
ever.\  ycai  Scorzonera  has  been  introduced  in 
the  highlands  of  tropical  Africa  and  has  been 
found  occasionally  as  an  escape  from  cultiva- 
tion. It  is  occasional^  cultivated  in  DR  Congo, 
Kenya,  Tanzania  and  Mauritius. 
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Uses  Scorzonora  roots  nro  used  as  n  cooked 
vegetnble.  They  are  peeled  before  or  after  boil- 
ing. In  Europe,  they  are  among  the  many 

canned  and  fmzen  eommercinl  vegetables  (  sal- 
sills  in  France).  Voung  leaves  are  used  as  a 
salad. 

The  roots  have  been  used,  like  chicory  (Cicho- 
rium  uit^ud  L.),  as  a  coffee  substitute.  Me- 
dicinal uses  as  a  diuretic,  sudorific  and  depura- 
tive  are  reported  from  Spain  and  PortugaL  A 

mixture  of  lnfe\  and  milk'  is  us<  il  .is  n  euro  for 
colds,  liround  fi^esh  leaves  are  used  to  soothe 
the  pain  caused  hy  viper  bites. 

Properties  Scorzonera  roots  contain  per  100 
g  edible  portion  (66%):  w  ater  83.3  g,  energy  1 13 
kJ  (27  kcal),  protein  1.3  g,  fat  0.3  g,  carbohy- 
drate 10.2  g.  Ca  42  mg,  P  42  mg,  Fe  0.9  mg. 
thiamin  O.OG  m^;.  riboflavin  0.01  mg.  niacin  0.2 
mg,  folate  57  pg,  ascorbic  acid  3  mg  (Holland, 
6.,  Unwin,  LD.  &  Buss,  D.H.,  1991).  The  roots 

h.Tve  a  subtle  delicate,  sweet  flavour  that 
many  find  too  bland.  Caifoohydrate  in  the  roots 
has  a  high  proportion  of  inulin  and  laevulin, 
which  make  it  an  important  foodstuff  in  dia- 
betic diets  Scorzonera  also  contains  cono- 
pherm,  asparagine,  argmine,  hislidine,  choline 
and  several  immunomodulatory  substances. 
The  flowi  r-  h  ive  an  aroma  reminiscent  of  co- 
coa. Oil  content  of  the  seeds  is  17.7%. 

Botany  Perennial,  erect,  branched  herb  u]) 
to  130  cm  tall;  taproot  fleshy  with  black -brown 
skin,  white  inside.  1, raves  alfern.itc  .simple, 
long  and  gradually  narrowed  at  base,  Imear  to 
lanceolate,  16-40  cm  x  0.6-6  cm,  apex  acumi- 
nate, entire  or  i!i  iit  ac,  parallel-veined  Inflo- 
rescence a  termmal  head;  involucre  2—3  cm 
long.  Florets  with  jrellow  ligule,  sometimes 
purplish  outside,  up  to  twice  as  long  as  involu- 
cre. Fruit  an  achene  up  to  2  cm  long,  with  dirty 
white,  plumose  pappus. 

In  Europe,  uses  are  similar  for  scorzonera, 

Srnlyititi.i  hispanica  I,  and  TraQopoffon  porri- 
folitis  L.,  all  belonging  to  the  same  family. 

Ecology  In  its  native  region  in  Mediteira- 
nean  Europe,  scorzonera  grows  in  drj'  pastures 
and  thickets  en  rocky  ground.  Once  estab- 
lished, it  resists  drought  well. 

Management  Scorzonera  is  best  grown  cm 
light  sandy  soils  to  eneournpc  fru-nintion  of 
long,  smooth  roots.  Seed  storage  behaviour  is 
orthodox  and  the  lOOO-seed  weight  is  about  12 
g.  A  recomini  iiiled  plant  dmaity  is  66,000 
plants  per  ha.  In  Europe  .sowing  is  done  in 
spring,  harvesting  in  autumn.  About  9  weeks 
after  sowing  roots  readi  their  maximum  length 
and  subsequently  increase  in  diameter.  Yields 


of  8  t  per  ha  can  be  achieved,  with  individual 
roots  of  100-200  g.  Roots  do  not  store  well. 

Genetic  resources  and  breeding  Several 
collections  are  held  in  germplasni  banks  in 
Eul-ope.  There  are  several  cultivars  available 
in  Europe.  Researdi  in  Belgium  centres  on 
breeding,  cultivar  selection  and  control  of 
pests,  diseases  and  weeds.  A  male  sterile  line 
has  been  patented. 

Prospects  Scorzonera  will  remain  a  small- 
scale  crop  for  the  specialty  market  in  urban 
centres.  The  international  market  is  restricted 
to  canned  and  frozen  products  as  fear  of  soil 
contaminiition  juohiliits  imports  of  fresh  roots. 

Major  references  CRl,  2003;  Hernandez 
Bermejo,  J.E.  &  Le6n.  J.  (Editors),  1994;  La- 
walree.  A..  Dethier  D,  &  GiUssen,  E..  1986; 
Mnnir.  D   Tutin,  T.G.  &  Walters.  S.M..  1976. 

Other  references  Beenlje,  II.  J.,  2000; 
Rubatricy,  V.E.  &  Tamagudii,  M.,  1997;  van 
den  Berph,  M  H. 

Authors  C.H.  Bosch 


SECAMONE  STUHLMANNn  KSchum. 

Protologue  Engl.,  Pflanzenw.  Ost-Afrikas 

P:  :fj-  -  1  SMI.")). 

Family  Asclepiadaceae  (APtji;  Apoc^'naoeae) 

Synonyms  Seeamotie  whytei  N.E.Br.  (1898), 
Secamone  floribunda  N  R. Br.  (1902),  Seeamotie 
phHlyrrnfH>\i  S.Moore  (1905),  Secamone  rariflo- 
m  S.Moore  (1905). 

Origin  and  geographic  distribution  Seea- 
iiioiic  .slufilinaiiitii  is  found  in  Rwanda,  Kenya, 
Uganda,  Tanzania  and  Malawi. 

Uses  Tn  times  of  scarcity  the  leaves  of  Seeor- 

mone  xluhhiitimtii  are  eaten  oooked  88  A  Vege- 
table m  .Malawi.  The  fibrous  stems  are  used  for 
rope.  In  East  Africa  a  root  decoction  is  used 
against  stomadi  problems. 

Botany  l.inna  containing  latex  the  whole 
plant  iiisi y-i>ubescent  with  spreading  hairs. 
Leaves  n|ijii>site,  simple:  petiole  up  to  6  mm 
long;  blade  oblong  or  ovate  to  lanceolate- 
elliptical  ]-(->  cm  >■  0  5-2  rm.  base  rounded  to 
acute,  apex  rounded  to  acute,  margin  entire. 
Inflorescence  a  terminal  or  axillary  cyme,  up  to 
G-flowered  podnnrle  up  to  12  mm  long.  Flow- 
ers bisexual,  regular,  6-merous,  sweetly 
scented;  pedicel  up  to  8  mm  long;  calyx  with 
ovate  lobes  up  to  1,5  mm  x  0.5  mm,  ciliate; 
corolla  tubular  with  lobes  up  to  3  mm  long, 
yellow;  corona  with  triangular  or  falcate  lobes, 
attached  near  the  base  of  the  staminal  column 
and  about  one  third  of  its  Imgth;  ovary  supe- 
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rior,  apical  portion  of  -stigma  head  oxscrtod  for 
about  1  mm  from  the  top  of  the  staminal  col* 
umn.  Fruit  a  pair  of  folhcles,  each  one  6-10  cm 
X  1  cm  tfipering  yrjidually  to  a  drawn-out 
point,  silveiy  brown  or  olive-green,  striate, 
puberulent.  Seeds  7-10  mm  x  1—1.5  mm,  red* 
brown,  with  a  coma  of  white  hairs  at  apex. 
Secainone  comprises  about  80  species,  and  is 
native  to  the  tropics  and  subtropics  of  the  Old 
World;  62  species  are  recorded  for  Ma{]agnscar, 
for  rnnfincntal  Africa  1  for  southern  India 
and  Sri  Lanka  and  1  for  South-East  Asia  and 
AuBtralia.  Together  with  related  genera  it  is  in 
need  of  revision  because  the  boundaries  are  not 
dear. 

Ecology  Seeamone  atuhlmaimii  is  found  in 
riverine  bushland  and  thickets,  at  altitudes 

bclvsecn  8(1(1-1  7i  in  m 

Genetic  resources  aud  breeding  Seva- 
mone  atuhlmannU  is  widespread  and  does  not 

SPim  in  danger  of  genetic  erosion . 

Prospects  More  research  is  needed  to 
evaluate  the  nutritional  and  medicinal  value  of 
Seca  III  01  w  sill  111  in  an  ii  ii. 

Major  references  Goyder,  D.J.,  1992. 

Other  references  Beentje,  II.J.,  1994b; 
Kokwaro,  J.O.,  1993;  Williamson,  J.,  1966. 

Anthors  P.C.M.  Jansen 


Sechiumedule  (Jacq.)  Sw. 

Protologue  l-'l.  Ind.  occid.  2(2):  1150  (1800). 

Family  Cucuibitaoeae 

Chromosome  nimiber  "In  =  2P>  2S 

Vernacular  names  Chayote,  choyote  (En). 
Chayote,  diouchou,  diouchoutte,  diristophine, 
mirliton  (Fr).  ("hudi6,  cfaahiota,  caiota, 
popinela  elv  m  -Iv  i  i ' 'm  i 

Origin  aud  gcograpiiic  distributiou  i'he 
centre  of  origin  and  domestication  of  Sediium 
ediile  is  soxifhern  Mexico  and  Ouatemala, 
where  wild  types  are  still  found.  The  Aztecs 
and  Mayas  already  cultivated  chayote  in  pre- 
Columbian  times,  but  fossil  records  are  lack- 
ing It  has  now  spread  throughout  the  tropics 
and  sublropics.  In  tropical  Africa  it  occurs  in 
many  areas  as  a  minor  fruit  and  leaf  vegetable, 

e.g.  in  East  Afrien  Nf.-idapasrnr  and  the  Mas- 
carene  Islands.  In  Reunion  and  Mauritius  it  is 
locally  naturalized. 

Uses  Chayote  is  mainly  grown  for  its  imma- 
ture or  almost  mature  fruits,  han'ested  before 
enlargement  of  the  seed,  and  eaten  as  a  cooked 
vegetable.  In  tropical  America  and  Asia  also 
young,  small  fruits  and  young  leaves  and 


Seehiuin  edule  -  planted 

shoots  are  used  as  vegetables,  whereas  the 

tuberous  roots  are  crinsumed  especially  in  Cen- 
tral America.  In  Jamaica  the  seeds  are  eaten 
fried  or  roasted.  In  the  Mascarene  Islands 
diayote  shoots  Cbrede  chouchou')  are  an  impor- 
tant component  of  local  dishes,  besides  the 
fruits.  The  fruits  vary  in  flavour  from  bland  or 
stardiy  to  sweetish,  depending  on  the  cultivar. 

Fruits  of  bland  cultivars  are  used  indusi ri.'dly 
as  food  filler  for  pastes  and  sauces.  Because  of 
its  low  energy  value,  chayote  is  gaining  impor- 
tance as  a  dielarj'  food  in  hospitals  and  nursing 
homes  Chayote  fruits  are  also  considered  pood 
baby  food.  The  seed  is  nutUke  m  flavour  and  a 
source  of  protein.  Fruits,  shoots  and  tubers  are 
use<l  as  fiidder  for  pigs,  pouItr\'  and  cattle.  In 
the  past,  fibres  from  the  stem  have  been  used 
to  make  baskets  and  hats  and  —  as  reported 
from  Ghana  —  as  binding  material  in  the  con- 
struction of  mud  houses  During  the  and 
earl>'  20^'  centuries,  Keunion  had  an  important 
home  industry  of  hats  and  other  artefincts  for 

exjiiirt  m.ide  fnim  these  attractive  fibres  called 
paiile  de  chouchou .  The  leaves  of  chayote  are 
said  to  possess  cardiovascular  modifying  as 
well  as  blood  pressure  lowering  properties  and 
to  dissolve  kidney  stones.  The  tubers  are  a  po- 
tent diuretic  and  are  also  applied  for  pulmo- 
naiy  ailments  and  relief  of  intestinal  inflam- 
mation Medicinal  uses  of  chi^ote  have  not 
been  reported  from  Africa. 

Production  and  international  trade  In 
quant  11  \  rhayote  is  one  of  the  leading  market 
vegetables  in  Central  and  South  America  and 
in  South-East  Asia,  but  its  commemal  value  is 
low.  There  is  considerable  intematiomal  trade, 
e.g.  for  export  to  Europe  and  the  United  States. 
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In  tropical  Mricn,  it  is  locallj'  of  some  impor- 
tance, e.g.  in  Sierra  Leone,  Ghana,  Malawi, 
Reunion  and  Mauritius,  but  no  statistical  data 
on  innilu>  lidii  (»r  1r.:i'li'  .'iiv  ;iviiil;iMe. 

Properties  The  edible  portion  of  chayote 
finiits  is  about  86%.  The  average  nutritional 
oompoeitiun  of  fruits  iu>r  100  g  eilible  poriiion  is: 
water  94  g,  energy  80  kJ  (19  kcal),  protein  0.8 
g,  fat  0.1  g,  carbohydrate  4.5  g,  dietary  fibre  1.7 
g,  Ca  17  mg.  Mg  12  mg,  P  18  mg.  Fe  DM  mg,  Zn 
0.7  nitj  vitnmin  A  ")(;  IF  thiamin  0  03  mp  ri- 
boilavm  0.03  mg,  niacin  0. 17  mg,  folate  y;i  ^ig, 
ascoibic  add  7.7  mg  (U8DA,  2002).  The  young 
leaves  and  shoots  contain  per  100  writer  90 
g,  energy  251  kJ  (60  kcal),  protein  4.0  g,  fat  0.4 
g,  carbohydrate  4.7  g,  fibre  1.2  g,  Ca  68  mg,  P 
108  mg,  Fe  2.5  mg,  vitamin  A  615  jig.  thiamin 
0(t.S  mo;,  nlioflavin  0.18  my.  niarin  11  mg, 
ascorbic  acid  Iti  mg.  The  tuberous  roots  contain 
per  100  g  edible  portion  (73%  of  total):  water  80 
p  cnorpy  .V.\]  kJ  (79  krnl),  protein  2.0  p  f;it  0.2 
g,  carbohydrate  17.8  g,  fibre  0.4  g,  Ca  7  mg,  P 
34  mg,  Fe  0.8  mg,  thiamin  0.05  mg,  riboflavin 
0.03  mv..  niarm  0.9  mg.  ascoibic  add  19  mg 
(Huiiels,  J.M.M  .  v:m) 

Extracts  of  Secliiuiii  edule  showed  an- 
timutagenic  activity  in  a  Salmonetla  typhi- 

miiritini  .issny  The  ribosome-inact ix  atil^  pro- 
tem  sechiumm  was  purified  from  the  seeds.  It 
has  been  suggested  that  this  compound  could 
be  used  for  the  preparation  of  immunotoxin  as 
n  potential  ranrer  rhemotherapeutic  apent. 
Fruit  extracts  exhibited  hypotensive  effect  in 
tests  with  rata.  Chayote  may  cauae  hypo- 
kalaomia  in  pregnancy. 

Description  Monoedous,  perennial  herb, 
sprawling  or  climbing  with  large,  2-6-branched 
tendrils;  root  larpe,  tuberous;  stem  Up  to  15  m 
lonp  lonpitudinally  grooved.  Leaves  arranged 
spirally,  simple;  stipules  absent;  petiole  3-25 
cm  long;  blade  broadly  ovate-drcular  in  out- 
line, 7-2-'i  cm  in  diameter  •■?-7-:inpiilnr  nr 
lobed,  base  deeply  cordate,  margms  obtusel)' 
toothed,  scabrid  haiiy,  5-7-veined  from  the 
base.  Flowers  unisexual,  regular,  6-mer<uis 
male  flowers  in  an  axillarj*  raccm"  small 
greenish  or  cream,  stamens  3,  with  lilamenls 
united;  female  flowers  usually  solitary  on  short 

pedicel  corolla  r  0  .5  rm  in  diameter,  ovnrj- 
inferior,  1-celled,  style  short,  stigma  headlike. 
Fruit  a  fleshy  beny,  variable  in  shape  but 
conununly  pear-shaped,  4-27  cm  long,  some- 
what ribbed,  smooth  or  shortly  spiny  dark 
green  to  almost  white,  pulp  white  or  greenish- 
white,  l-seeded.  Seed  ovoid  to  ellq>8oid,  com- 
pressed, 2.6-5  cm  long,  white. 


Sechiuin  edule  -  J,  flouering  and  fruiting 
ahoot;  2,  maU  flower  in  Umgitudinal  section.;  3, 
female  flnii  cr:  I.  fniil;  ,'>,  fniil  in  InngUuduuxl 
eection;  6,  fruit  with  gerniinaiing  seed. 
Source:  PROSEA 

Other  botanical  information  Si'rhitini 
comprises  about  10  species.  Only  Sechiuni  ed- 
ule and  Seehium  tacaco  (Pittier)  CJeffi^  are 
<  ultivated.  the  latter  only  in  Tosta  Rica,  Wild 
types  of  Seckiuin  edule  differ  from  cultivated 
types  by  their  more  robust  growth  and  larger 
leaves,  flowers  and  male  inflorescences;  the 
pulp  of  their  fruits  is  hitter  nnrl  visually  more 
fibrous.  Sechiuin  cuuipusiluni  (J.D.Sm.) 
CJeftrey,  occurring  in  southern  Mexico  and 

f  Uiatemala  is  ronsidered  the  closest  wild  rela- 
tive of  Seehium  edule.  Its  fruit  is  bitter  and 
both  spiny  and  spineless  types  have  been 

iind.  Chayote  cultivars  do  not  breed  true, 
although  it  has  been  observed  that  cultivars  do 
not  segregate  significantly  from  one  generation 
to  the  next  because  of  the  relative  isolation  of 
rhnyntc  j)I,ints  from  one  another  when  planted 
in  home  gardens.  Many  types  with  different 
fruit  diaracters  axe  known.  Commerdally 
grown  chayote  consiats  of  two  types:  one  with  a 
medium-sized,  pale  green  smooth  pear-shaped 
fruit  and  one  with  a  small,  white,  smooth, 
globular  fruit. 

Growth  and  devdopmeut  Chayote  is  a 
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long-livpd  prrenaial,  but  in  cultivotion  it  is 
recommended  to  renew  it  at  least  even,'  3  years 
because  of  disease  problems.  The  tubers  do  not 
d('Vi'l(i[)  until  tlic  second  year  and  do  not  de- 
velop well  m  climates  without  a  dry  season.  In 
regions  with  a  season  of  arrested  growth,  they 
can  reach  10  kg  in  wr-i^jht  an<l  ifscinlile  yam 
tubers.  Flowering  starts  1-2  months  after  ger- 
mination. Flowers  are  pollinated  by  insects. 
Chayolc  is  self-compatible;  single  plants  show 
good  fruit  sot  nnd  there  are  no  r1enr  inbroedine 
symptoms.  In  addition,  parthenocai-py  has 
been  reported.  Chayote  is  a  renowned  honey- 
producint;  i>l;int.  lovml  by  Ix-ckoepersbecousi-  it 
flowers  abundantly  throughout  the  year,  l-'ruit 
development  takes  1—2  months  after  pollina- 
tion. In  good  conditions,  chayote  plants  grow 
Iirofusely  and  can  form  a  dense  foliage  cover  on 
trellis,  producing  hundreds  of  hanging  fruits. 
The  seed  germinates  in  the  ripe  fruit  while  still 

on  the  mother  plant.  The  stem  of  the  seedlinp 
grows  out  from  the  fruit  apex  and  curves  up- 
wards. It  produces  roots  which  abort  when  they 
do  not  make  contact  w  ii  \i  -nd. 

Ecology  The  natural  habitat  of  wild  chayote 
is  montane  ramforest  on  steep  hillsides.  Chay- 
ote requires  high  relative  humidity  (80-86%) 
and  well-distributed  annual  rainfall  of  at  least 
15OU-iiO0tJ  mm  (or  irrigation).  Growth  and 
frtiit  set  are  strongly  influenced  b,\  dny  and 
night  temperattires.  Chayote  succeeds  at  nver- 
ape  day  fompernturos  of  l.'i  'JH^C  (oi)timuni 
25  C)  and  at  average  night  temperatures  below 
23°C.  Temperatures  below  13*C  cause  damage 
to  small  unripe  fruits,  and  li>in|)cratures  above 
28°C  lead  to  excessive  vegetative  growth  and 
the  falling  of  flowers  and  unripe  fruits.  In  West 
Africa  chayote  does  not  set  fruit  at  sea-level, 
but  produces  well  at  :^>i")()-lio(M)  m  altitude.  .\t 
higher  latitudes,  it  gi-ows  and  produces  well  m 
lowlands,  but  the  production  stops  during  the 
hottest  months.  Tn  (he  Antilles,  cb-iynfe  pro- 
duces fruit  at  sea-level  only  during  the  cool 
season,  at  medium  elevatims  the  whole  year 
round,  and  at  1600  m  altitude  <mly  during  the 
warmest  months.  Some  obser\'ers  consider 
diayote  as  day-neutral,  others  as  a  slightly 
short-day  plant.  The  photoperiodism  and  the 
relation  between  temperature^  and  fruit  set 
need  further  clarification.  Chayote  is  suscepti- 
ble to  drought  and  wind,  and  is  killed  by  night 
frost,  It  grows  beat  in  a  rich  well-drained, 
rather  loose  sandy  lonm  soil 

Propagation  and  planting  (Jhayote  is 
prc^agated  by  placing  a  whole  fruit  on  its  side 
in  a  hollow  scooped  out  at  the  foot  of  a  trellis 


support  and  covering  the  fruit  slightly  with  .soil 
and  farmyard  manure.  Sometimes  up  to  1 
fruits  nli  eatly  bearing  sprouts  of  10—12  cm  long 
are  planted  in  the  same  pit  Immersinn  of  the 
fruit  for  several  minutes  in  a  fungicide  and 
insecticide  solution  provides  protection  against 
diseases  and  pests.  The  plants  are  usually 
spaced  1.5  m  apart  along  a  fence  or  trellis,  but 
when  they  are  allowed  to  sprawl  they  need 
much  more  space. 

Management  \  trellis  support  must  be  pro- 
vided for  optimum  growth,  but  in  the  Mas- 
carene  Islands  chayote  is  grown  without  any 
support.  In  gardens,  plants  can  be  trained  over 
a  tence,  porch  or  tree.  In  trees  they  may  grow 
to  a  height  of  more  than  10  m.  Thsy  are  best 
planted  where  there  is  some  shelter  from 
strong  winds.  Chayote  requires  large  quanti- 
ties of  water  (about  50  mm  per  week)  and 
should  be  abundantly  irrigated  in  periods  of 
drought  lncoi7>oration  of  manure  or  compost  is 
recommended,  as  well  as  application  of  NPK 
before  planting  followed  by  regular  topdressing 
with  nitrogen  fertilizer  or  liquid  manxire  until 
fruit  formation.  In  the  .Antilles  incorporation  of 
farmyard  manure  everj-  3  months  is  recom- 
mmded.  In  India  ammonium  sulphate  and 

su])erphos[ihate  at  the  rate  of  1  kg  and  0.5  kg 
respectively  per  pit  are  applied  in  two  doses 
before  flowering.  In  some  parts  of  the  world, 
the  plfuits  are  pruned  at  the  end  of  the  season, 
leaving  only  a  small  portion  of  about  1.5  m  of 
the  stem. 

Diseases  and  pesta  Chayote  is  in  general 

not  very  susceptible  to  pests  and  diseases,  but 
it  is  often  heavily  attacked  by  rout-knot  nema- 
todes. Application  of  large  amounts  of  organic 
manure  to  the  planting  holes  reduces  damage. 
Chayote  plants  sometimes  suffer  from  mosaic 
virus.  Powdei^'  mildew  (Erysiphe  cichomcea' 
mm),    downy    mildew  (Pseudt^rnvno^Htra 

cubeiisis)  and  leaf  spot  (Myrnsphnrrrlla  sp.) 
occur  but  are  rarely  serious.  In  Trinidad  a  dis- 
ease called  web  bUght  and  caused  by  the  Am- 
gus  Thaiialephoms  cucumeris  has  been  re- 
ported. Spider  mites  and  insects  such  as  leaf 
beetles  may  cause  some  damage.  The  use  of 
pesticides  may  lead  to  reduction  in  yield  by 
killing  pollinating  insects.  Because  of  nema- 
todes and  other  disease  problems,  chayote 
crops  are  usually  removed  at  the  end  of  a  3- 
year cultivation  period. 

Harvesting  Chayote  plants  start  production 
of  fruits  3--5  months  after  plantmg  and  a  fruit 
needs  4-6  weeks  from  pollination  to  market 
size  (usually  about  0.5  kg).  The  fruits  are  hand- 
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picked  at  an  immnturc  stage,  when  thcj'  have 
reached  full  size  but  before  the  enlargement  of 
the  seed.  Harvesting  late  gives  lilnous  fruits, 
harvesting  otirly  wfitery  ones  that  do  not  keeji 
well.  Traditionally,  maturity  is  tested  by 
lightly  pressing  the  firuit  skin  with  a  finger 
nail:  the  right  stage  is  reached  if  this  does  not 
d^t  the  skin.  To  harvest  tubers,  it  is  not  nec- 
essary to  kill  the  plant;  individual  tubers  can 
be  carefully  dug  up,  while  the  plant  oontinues 
to  ])i-(Hhir<'  fruits  nnd  new  tnbors 

Yield  i'ix)duction  can  be  seasonal  or  almost 
continuous,  depending  on  the  climate,  and  an- 
nu;d  yields  may  ranye  from  75-.300  or  more 
fruits  per  plant.  In  commercial  plantations, 
yields  of  20-30  t/ha  have  been  reported. 

Handling  after  harvest.  When  firuits  are 
stored  in  a  cool  and  dark  place,  sprouting  will 
start  after  approximately  2  weeks.  In  cold  stor- 
age, at  9-ll*C  and  high  relative  humidity  and 
wrapped  in  plastic,  the  fruits  keep  well  for  sev- 
eral weeks. 

Genetic  naovrces  Chiqrote  seed  cannot  be 
stored  for  much  longer  than  <xie  month  since  it 

is  viviparous  and  has  no  dormancy  Long-term 
maintenance  of  germplasm  collections  must 
therefore  be  in  the  form  of  living  plants  in  field 

g(-nehanks  or  as  tissue  cultures  under  <low 
growth  conditions.  Promising  results  have  been 
obtained  in  Costa  Rica  with  cr>-opre8ervatioa  of 
shoot  tissue.  (lermplasm  collections  are  at  pre- 
sent held  by  CATIF!  (Turrialbn  Costn  Rica) 
Centro  Regional  L  niversitario  Oriente  (CRUO) 
of  the  Aut<momous  University  of  Chapingo 
(lluatusco.  Vera  i^u/  Mexico).  INI  A  fftdaya. 
Guanajuato,  Mexico),  ElVlBRAPA  (Brasilia, 
Brazil)  and  Tribhuvan  University  (Kath- 
mandu,  Nepal).  Genetic  erosion  of  ch^yote  in 
its  centre  of  diversity  is  accelerating  as  a  result 
of  replacement  of  landraces  by  a  few  improved 
cultivars.  Collection  and  evaluation  of  land- 
races  is  required,  ns  well  as  the  evaluafinn  of 
wild  relatives  of  chayote,  especially  for  finding 
disease  resistances. 

Breeding  Efforts  made  at  CATIE  ir,,sta 
Rica)  to  describe  cultivars  on  the  basis  of  Iruit 
characteristics  proved  to  be  of  limited  rele- 
vance because  of  the  extraordinary  variability, 
with  continuous  variation  in  almost  all  rharac- 
ters,  including  size  (4-27  cm  long),  weight  (60- 
1200  g),  colour  (continuous  range  from  white  to 
darlv  giot'ti)  shape  (pear-shaped,  ovoid,  flat- 
tened globular),  fruit-wall  fentures  (spines, 
lenticels,  grooves  and  ridges),  flavour  and  tex- 
ture. Micro-cuttings  are  being  used  in  Costa 
Rica  to  propagate  selected  genotypes  for  com- 


mercial  production  on  large  acreages.  Commer- 
cial production  is  Umited  by  disease  problems 
as  well  as  by  the  demand  for  quality  friiits; 
consequently,  a  breeding  i)rogramme  with 
these  two  objectives  is  needed.  However,  pri- 
vate seed  companies  are  not  interested  in 
chayote  because  it  is  viviparous.  In  Ghana  a 
type  called  Ivory  Wliite'  is  grown.  Bland  culti- 
vars are  required  for  the  industrial  market  and 
tasty  ones  for  the  table-vegetable  market. 

Prospects  Chayote  is  a  tnultipurpose,  high- 
yielding  and  easy-to-pi-oduce  vegetable,  suit- 
able for  home  gardens  and  market  production, 
meriting  [inaiiot ion  in  tin])ical  .\fiica 
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Senna  obtusifolia  (L.)  Irwm  &  Barneby 
Protologue  Mem.  New  Toik  Hot.  Garden 

'jr)2  (1982). 

Family  Caesalpmiuceae  (Leguimnosae  - 
Caesalpinioideae) 

Chromosome  number  ii  -  ]     I  I.  2it  =  2A 

Synonyms  Cassia  obtusifolia  L.  (1753),  Cos- 
gia  tora  auct.  non  L. 

Vernacular  names  Sicklepod.  African  foe- 
tid <-assia  low  senna  (En).  Sene,  pistache  mar- 
ron,  casse  fetide  (Fr). 

Origin  and  geographic  distribution  Senna 

obliistfitllii  is  found  throughout  tropical  .Africa 
with  the  except  ion  of  Madagascar.  It  is  consid- 
ered an  early  introduction  into  Africa  from 
America,  where  it  show  s  far  m(xe  variatiiHi.  In 
Africa  the  fruits  are  broatl  as  in  spedniflns 
from  the  Caribbean  and  southern  United 
States,  whidt  suggests  a  Caribbean  origin  of 
the  African  plants.  In  Asia  plants  with  broad 
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fruits  arc  widespread,  but  in  the  Philippines 
only  plants  with  needle-like  fruits  occur.  Senna 
obUuifiiUa  is  considered  a  weed  worldwide  and 
an  estimated  600.000  ha  are  infested  in 
Queensland  (Australia). 

Usea  The  young,  tender  leaves  of  Senna  ob' 
tusifolia  ale  ereasionally  used  as  a  vegetable 
throughout  Al'nca  and  elsewhere  and  the  plant 
is  cultivated  in  home  gardens  for  this  purpose 

in  several  oounlrirs  including  Sene^Ml  <  !hana, 
Cnmeroon  and  Klhiopia.  Older  leavi  s  if  eaten 
frequently  or  m  large  quantities,  will  cause 
dianhoea. 

Cattle,  sheep,  goats  and  ostriches  browse  ihf 
plants,  but  the  growth  stage  of  the  plants  may 
influence  acceptability.  In  both  Africa  and  the 
United  States,  mycotoxicosis  is  an  often  fatal 
disease  of  cattle  grazing  S&uut  tAtuatfoUa  and 
other  Senna  species. 

The  leaves  are  used  as  a  laxative  and  as  a 

]ioultire  to  treat  sl\in  infm-tions  sores,  ulcers 
and  insect  bites.  The  leaves  are  further  used  as 
an  anthelminthic  and  against  vomiting  and 
stomach-ache.  A  decoction  of  the  leaves  is  used 
to  treat  eye  complaints  in  Senegal  and  Zanzi- 
bar. In  DR  Congo  a  fish  poison  is  made  from 
the  crushed  leaves.  The  roots  are  used  as  a 

laxative  ami  nnthelminthic.  The  seeds  are 
eaten,  combmed  with  a  leaf  decoction,  to  treat 
ooiqunctivitis. 

Roasted  seed.s  have  been  used  as  a  subslitule 
for  coffee  leaves  for  n  tea-like  infusion.  The 
seeds,  the  macerated  leaves  and  the  roots  pro- 
vide black,  blue,  yellow  and  orange  dyes.  In 
Sudan  the  powdered  and  fermented  leaves  are 
used  as  a  condiment.  The  stems  are  used  to 
make  mats  and  fences. 

In  Uganda  the  wmmIs  .ire  occasionally  dried  and 
pround  into  powder  which  is  rook-ed  and  eaten 
as  a  staple  food  in  moderate  amounts.  The 
seeds  have  been  eaten  in  times  of  famine  in  the 
Snhel  region  as  well.  As  the  seeds  are  reput- 
ed]}' poisonous,  cooking  or  roasting  is  deemed 
necessary  to  make  them  safe  to  eat.  The  flow- 
ers are  decorative  and  the  plant  is  commonly 
planted  as  an  ornamental  near  towns.  In  India 
the  seeds  are  collected  from  the  wild  lor  the 
industrial  extraction  of  gums  (galactomannans) 

for  thi  fi:i  I  indusi  ry 

Properties  Fresh  leaves  of  Senna  obtuaifo- 
Ua  contain  per  100  g  edible  portion:  water  79.7 
g,  energ>'  251  kJ  (60  kcal).  protein  5.6  g,  fat  0.2 
g,  cnrbohydrate  12. .5  g,  ilbre  2. .3  g,  Ca  .')R9  mg, 
P  96  mg,  Fe  5.9  mg,  p-cai-otene  7.9  mg,  thiamin 
0.23  mg,  riboflavin  0.71  mg,  niacin  1.5  mg, 
ascorbic  add  113  mg  (Leung,  W.-T.W.,  Busson, 


F.  &  Jardin,  C,  1908).  The  cooked  vegetable 
tastes  bitter  but  has  an  attractive  con.sistency. 
The  seeds  contain  5.3%  oil,  the  major  compo- 
nents being  linoleic  acid  11%.  i);dmitic  acid 
23%  and  oleic  acid  22%.  The  seeds  contam 
commercially  interesting  levels  of  gums. 
The  laxative  properties  of  Senna  species  are 
attributed  to  anthroqumones.  A  yellow  pheno- 
lic pigment,  cassiaxanthone,  has  been  isolated 
from  the  roots  of  Senna  species.  Mycotoxins, 
produt cd  by  fungi  affecting  Srniia  may  be  the 
cause  of  death  m  cattle.  Myrotheciuni  t  ermca- 
ria,  a  fungus  isolated  from  Senna  obtiuifalia,  is 
used  for  eonti-ol  of  nematodes  in  food  crops  and 
ornamental  plants  and  is  widely  tested  as  a 
herbicide  against  weeds  like  water  hyacinth 
{Eichhornia  crassipes  (Mart.)  Solms),  Cheno- 
podium  allnuii  L  and  Sfinia  ublusifuiia  itstdf 
Strains  of  Fuaanuni  u.\yspoi'um  and  Allentaria 
eassiae  were  similarly  obtained  and  diowed 
considerable  control  of  Sivina  species  if  applied 
at  the  pre-emergence  stage. 

Botany  Annual  or  perennial  heib  or  shrub 
up  to  2(-2.5)  m  tall.  Leaves  alternate,  impar> 
rinnate  with  '1  pairs  of  leaflets:  stipules  linear 
or  filiform,  petiole  without  gland,  rachis  with 
prominent  gland  between  1-2  lower  pairs  of 

leaflets:  leaflets  obovate,  ( 1-)  1  .."i-.'tMi)  cm  long, 
apex  rounded  or  abruptly  acuminate,  mucro- 
nate.  Inflorescence  1-2-flowered,  with  usually 
very  short  peduncle.  Flowers  bisexual,  5- 
merous;  pedicel  l..^-3..'i(- 1.,"!)  cm  long-  sepals 
ovate,  c.  5  mm  long;  petals  obovate,  1-2  cm 
long,  yellow;  stamens  10,  lower  3  largest,  4 

somewhat  smaller  and  'A  very  sin;dl  n'duci'd; 
ovary  superior,  linear,  curved.  Fruit  a  Imear, 
dehiscent  pod  up  to  23  cm  x  0.5  cm,  straight  or 
curved,  many-seeded.  Seeds  rhomboid,  c.  5  mm 
long  with  a  distinct  areole.  Seedling  with 
epigeal  germmation;  cotyledons  semi-fleshy. 
Until  the  beginning  of  the  1980s  Cassia  was 

considered  to  be  a  large  genus  of  over  550  .spe- 
cies, but  then  it  was  split  into  3  genera:  Cassia 
sensu  stricto,  Senna  and  Chamaeerista.  Cassia 
now  has  only  30  species,  whereas  Senna  and 
Chanuwcrista  comprise  about  2''i0  and  270  spe- 
cies, respectively.  Senna  oblusifoliu  is  closely 
related  to  Senna  torn  L.,  but  the  latter  can  be 

recognized  by  its  shorter  pedicels  Thf  distinc- 
tion between  Senna  obtusifolia,  Senna  occiden- 
talis  (L.)  Link  and  Senna  tora  is  not  always 
properly  made;  names  have  often  been  misap- 
plied and  vernacular  names  may  apply  to  all  of 
them.  The  presence  of  Senna  tora  in  ..\lrica  is 
doubtful  and  references  to  it  probably  concern 
Senna  obtusifolia. 
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Senna  obiusifolia  is  a  short-day  plant,  but  ex- 
act light  requirements  for  flower  initiation  dif- 
fer by  provenance.  It  is  self-pollinating  and 
interspecific  crosses  have  not  yielded  viable 

seed. 

Eeology  Seima  obtunfoUa  is  found  along 

rivers  and  on  lake  shores,  as  well  as  on  culti- 
vated land,  up  to  1700  m  altitude. 

Management  Details  on  cultivation  d 
Sienna  ohiusifolia  ia  Africa  are  unknown.  In 

Indi'i  spods  for  pum  produrfion  are  prrsontly 
harvested  from  the  wild.  As  far  as  is  known, 
Seimo  <AtuiifoUa  is  only  grown  commercially 
in  Korea  for  medicinal  uses,  with  seed  yields  as 
high  aa  2.6  t/ha.  Fertilizer  appUcations  of  80  kg 
N,  30  kg  P  and  60  kg  K  were  optimal  for  seed 
production.  Several  fungi  affect  Senna  obiusifo- 
lia and  it  is  an  alternative  host  of  Al tenia ria 
cassiae,  which  affects  e.g.  cowpea  {\  igna  tin- 
gttimlala  (L.)  Walp.)  and  several  Sotanum 

sporios. 

Genetic  resources  and  breeding  While 
the  wider  genetic  variation  of  Senna  nbtuaifoUa 
is  found  in  tiie  New  World  there  is  obvious 

scope  for  selection  for  vetretahle  use  even  within 
the  African  populations.  Farmers  already  select 
plants  that  taste  less  bitter,  are  less  fibrous  and 

have  e;i>y-to-])icl<  Icui  s.  Au-ti-alia  may  .start  a 
breeding  programme  based  on  seed  stock  col- 
lected from  all  over  the  area  of  distribution  in 
the  ne;u'  future.  Breeding  would  aim  nt  high 
seed  and  ffxim  yield  tjood  pi'm  quality  and  adap- 
tation to  mechanized  cultivation. 

Prospects  Smna  chtuaifbUa,  like  many 
other  Senna  species  is  a  true  muhipurpose 
plant.  A  proper  understanding  of  the  variation 
will  be  essential  for  fiiture  developments. 
Sama  ohtusifolia  will  probably  remain  a  minor 
vecetnhle.  Seed  sjiims  are  used  worldwide  for  a 
variety  of  mdustrial  applications.  Increased 
demand  and  tnconsistentgr  of  supply  and  price 

has  driven  indiistrinl  users  to  search  for  new 
sources  of  supply  and  Senna  obiusifolia  is  a 
good  alternative  for  locust  bean  (Ceratonia 
siliqua  L  )  and  guar  (Cyamopais  tetragonoltAa 
(L.)  Taub  ).  A  [latent  restrictmg  the  use  of 
Senna  obiusifolia  gum  lapsed  in  2002.  The 
medicinal  properties  also  seem  to  justii^  more 

research.  However,  the  weedy  nature  and  the 
toxic  properties  require  caution. 

Major  references  Buridll,  H.M.,  1995;  Ir- 
win, H.S.  &  Bameby,  R.C.  1982;  Katende, 
A.B.,  Ssegnwa,  P.  &  Birnie  .\.  1999;  Lock,  J. 
M.,  1990;  Toruan-rurba,  A.\  1999. 

Other  references  Cunningham,  D.  & 
Walsh,  K,  2001;  Dupriez.  H.  &  De  Leener,  P., 


1987;  Schipper.s,  R.R..  2000;  Southon,  l.VV., 
Bisby,  F..A,  Buckingham,  J.  &  Hnrbome  J.B., 
1991:  Stevels.  J. M  r  1990;  van  den  Bergh. 
M  i  l..  1993:  Wagner,  J.J.,  1993;  Walker.  H.L.  & 
Tilley,  A.M.,  1997. 
Authors  C.H.  Bosch 


Sericostachys  scandens  Gilg  &  Lopr. 

Protologue  F^ol.  -lahrh.  27:  51  (1899). 
Family  Amaranthaceae 
Chromoaome  number  2i»  =  22 
Synonyms  Sencoataehya  tomentoaa  Lopr. 

(1899). 

Origin  and  geographic  dislribntlon  SerieO' 

slachys  scandens  is  widespread  m  tropical  Af- 
rica from  Nigeria  to  Ethiopia  and  aouth  to  An- 
gola and  Malawi. 
Uses  In  DR  Congo  the  leaves  of  Serieo- 

stnrhys  scandwa  collected  froin  the  wild  are 
eaten  as  a  vegetable.  The  leaves  are  applied  as 
a  poultice  on  wounds  and  from  the  bark  a 
medicine  for  venereal  diseases  is  prepared.  In 
Rwanda  and  Uganda  Sericostachys  scandens  is 
a  key  species  for  honey  production  from  wild 
flowers  in  the  forest.  In  Kenya  initiation  cere- 

monics  are  relalei!  to  the  occurrence  of  flower- 
mg.  which  IS  there  thought  to  happen  only  once 
everj-  7-8  years. 

Botany  Much-branched,  .scandent  shrub, 
with  branches  up  to  M  m  long;  branches  oppo- 
site, terete  to  angular,  finely  striate,  swollen  at 
the  nodes.  Leaves  opposite,  simple;  petiole  1— 
2.5  cm  long;  blade  broadly  ovate  to  lanceolate- 
ovate,  5-15  cm  X  3-8  cm,  base  cuneate  to  at- 
tenuate, apex  acuminate,  margin  entire,  al- 
most gl  ilin  us  to  densely  tomentose.  Inflores- 
cencp  a  broad  panicle  of  spikedike  bi-anches  up 
to  8  cm  long  with  sessile  flower  clusters  and 
persistent  bracts  up  to  6  mm  long;  each  floww 
cluster  consisting  of  1  fertile  and  2  modified 
sterile  flowers,  subtended  by  2  bracteoles  up  to 
6  mm  long,  long  pilose  in  sterile  flowers.  Fer» 
tile  flowers  bisexual,  o-merous;  tepals  lanceo- 
late. 4-8  mm  long,  with  pale  margins,  glabrous 
to  pilose;  stamens  3.5— G  mm  long,  al  base  fused 
to  a  solid  disk-like  rim  and  alternating  with 
very  small  tooth-liko  staminodes:  ovarj'  supe- 
rior, 1 -celled,  glabrous,  style  filiform,  up  to  3 
mm  long,  stigma  capitate.  Sterile  flowers  om- 
sisting  of  up  to  12  linear  appendages  densely 
furnished  with  spreading  hairs  much  accres- 
cent in  fruit.  Fruit  a  thin-walled,  indehiscent, 
ovoid-<ylindrical  capsule  3  mm  long,  l-seeded, 
endosed  by  and  falling  with  the  persistent 
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perianth  and  brncteoles.  Seed  ovoid,  2.5—3  mm 
long,  shiny  brown. 

Serieo^tKhys  oompri^s  only  a  single  q)ecie8. 
If  strnnt;ly  rcst'nilili's  (Ii'iikiH.s  (Eaiiuitcu- 
Uiceae)  with  lis  chmbing  habit  and  the  hairy 
appendages  Burrounding  the  fruits.  Setieo- 
alachys  scandeus  can  be  found  flowering  year- 
round  and  the  flowers  are  much  visited  by 
bees.  The  fruits  are  dispersed  by  wind. 

Ecology  Serieoalachyi  .sn  in  (lens  usually 
srrnmblr>s  over  troos  and  slirubs,  often  in  ri\-i  i-- 
ine  or  lakeside  forest,  at  700-2600  m  altitude. 

Genetic  resources  and  breeding  Serieo- 
ttachys  scaiuh'iis  is  widespread  and  not  in  dan- 
ger of  genetic  erosion. 

Prospects  Serieostaehya  aeatidena  probably 
will  remain  a  minor  vegetable.  Its  nutrional 
and  niedRina!  ]>roperties  need  further  investi- 
gation. Its  possibilities  as  an  ornamental  are 
more  promising;  in  fruit  it  is  strikingly  decora- 
tive. 

Major  references  Burkill,  H.M.,  1985; 
Hauman.  L.,  1951a;  Townsend,  C.C.,  1985; 
Townsend.  C.C  .  1988. 

Other  references  Cavaco,  A..  1974;  Keay, 
R.W.J.,  iy64a;  Townsend,  C.C,  2000. 

Anthora  P.C.M.  Jansen 

Sesamum  alatum  Thonn.  ex  Schumach. 

Protologue  Beskr.  Guin.  pL:  284  (1827). 
Family  Pedaliaceae 
Chromoaome  number  2n  =  26 

Vernacular  names  Sesame  of  the  gazelle, 
sesamum  (En).  Sesame  de  gazelle  (Fr). 

Origin  and  geographic  distribution  Seatt- 
mum  alatum  is  widely  distributed  in  tropical 
.•\frica,  orriirrinp  in  diy  regions  fvum  Si  ncijnl  to 
South  Africa,  in  Madagascar,  India  and  occa- 
sionally elsewhere  it  has  been  introduced.  It  is 

SOTlCtimrs  culfivnted  arnimd  villages. 

Uses  The  leaves  and  young  shoots  of 
Seaamum  alatum  are  collected  &om  the  wild 
and  used  as  a  cooked  vegetable,  sometimes 
flavoured  with  its  pounded  seeds  The  seeds 
are  occasionally  cooked  separately  as  a  relish 
or  boiled  with  pumpkin  leaves  and  served  with 

.1  st  .iple  fond.  The  seed  produres  nn  edible  oil, 
and  IS  used  as  an  aphrodisiac  and  to  cure  diar- 
rhoea and  other  intestinal  disorders.  A  decoc- 
ticii  of  (he  leaves  is  given  to  cattle  to  promote 
their  fertility. 

Properties  There  is  no  information  on  the 
nutritional  composition  of  Seaamum  alatum 
leaves,  but  it  is  probably  comparable  to  that  of 


Sesamum  indicum  L.  (cultivated  sesame)  leaves, 
which  is  per  100  g  edible  portion:  water  85.5  g, 
en<  !  188  kJ  (45  kcal),  protein  3.4  g,  fat  0.7  g, 
earboiiydriite  8.6  g.  fibre  2.4  g,  Ca  77  m^^  P  203 
mg,  riboflavin  0.3  mg.  The  nutritional  composi- 
tion of  dried  seeds  per  100  g  is:  water  7.9  g,  en- 
ergy 1733  kJ  (111  kenl)  pintein  10.8  g.  fat  18.1 
g,  carbohydrate  (mduding  fibre)  55.2  g,  fibre 
30.6  g,  Ca  432  mg,  P  221  mg  (Leung,  W.-T.W., 
Busson,  F.  &  Jardm.  C.  ]<)(58). 
The  seefl  oil  hns  about  .">%  iinsnponifinble  mat- 
ter, consisting  of  lignans  (2-episesalatin  1. 1%, 
sesamin  0.01%,  sesamolin  0.01%),  sterols  @2%) 
and  toc<i])hc'i'ols  (210-320  nifc,'.1<u  oil) 

Botany  Erect  aimual  herb  up  to  1.5  m  tall, 
with  sinqtle  or  sparsely  branclied  stem,  gla- 
brous but  with  mucilage  glands.  Leaves  oppo- 
site, lower  ones  palmately  divided  or  lobed. 
upper  ones  simple;  stipules  absent;  petiole  1—7 
cm  long;  leaflets  or  lobes  of  lower  leaves  lanceo- 
late, fcnlrnl  one  longest  up  to  8  rni  "<  2  nn, 
often  with  undulate  margin,  blade  of  upper 
leaves  linear  to  lanceolate,  3-10  cm  l<xig. 
Flowers  soUtary  in  leaf  axils,  bisexual,  zygo- 
morphie,  5-merous:  pedieel  short,  with  a  nec- 
tary at  base;  calyx  campanulate  with  nar- 
rowly triangular  lobes  c.  3  mm  long,  densely 
glandular,  deciduou.s;  roroll.-i  nldiqucly  cnni- 
panulate,  2-3  cm  long,  slightly  2-lipped,  pink 
or  purple,  inside  sometimes  red-spotted,  pu- 
bescent; stamens  4;  disk  fleshy,  conspicuous; 
ovarA'  superior,  hairy,  2-relled,  style  filiform, 
stigma  2-lobed.  Fruit  a  narrowly  obconical 
capsule  up  to  5  cm  X  0.7  cm,  base  gradually 
narrowed  apex  with  beak  up  to  12  mm  lotig, 
4-grooved,  dehiscing  longitudinally,  many- 
seeded.  Seeds  obconical,  e.  2.6  mm  X  1.6  mm, 
with  a  large,  2-^  mm  long  wing  at  apex  and  2 
shorter  wings  at  base,  testa  with  honeycomb- 
like structure,  pale  to  dark  brown. 
S$$amum  comprises  about  20  species,  meet  of 
which  .ire  iniligenoiis  to  tropical  .Africa. 
Seaamum  alatum  belongs  to  section  Sesamop' 
teria,  together  with  Seaamum  triphyllum  Welw. 
ex  Asch.,  both  species  having  winged  seed. 

Ecology  Scsaiiniiii  (ildlinn  oeeurs  in  dry 
savanna  and  is  often  common  around  villages, 
sometimes  tolerated  as  a  weed  in  fields.  It  is 
often  found  on  sandy  soils,  in  riverbeds,  grass- 
land and  open  bushland,  or  as  a  weed  in  fields, 
often  in  cultivated  sesame. 

Genetic  nMonreaa  and  breeding  Seaa- 
mum alatum  is  widespread  and  not  in  danger 
of  genetic  erosion.  It  has  been  suggested  that 
Seaamum  alatum  is  one  of  the  progenitors  of 
the  cultivated  sesame  (Seaamum  iitdieum). 
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Crosses  of  Sesanium  alattim  and  Sesamum 
indicuin  have  given  fertile  hybrids  that  may  be 
important  in  breeding  programmefl  for  im- 
proved sesMmt'  fullivnrs  For  example,  at- 
tempts have  been  made  to  transfer  the  resis- 
tance of  Seaamiim  akUum  to  the  phyllody  dis- 
ease (a  hit;hly  destrui^tive  phytoplasma  disease 
of  sesame  transmitted  by  a  leafhopper)  to  ses- 
ame cultivars.  Sesanuim  cdatum  akio  proved  to 
t  <  lM<^hly  resistant  to  sesame  leaf  roller  and 
pod  horor. 

Prospects  Sesamuin  alaluiii  will  remaui  a 
minor  vegetable  of  local  importance  in  drier 
areas.  It  may  play  an  important  role  in  breed- 
ing pn^rammes  of  sesame. 

Major  references  Bedigian,  D.  &  van  der 
Maesen.  J..  2003:  Burkill.  H.M..  1997;  Busstm, 
F  .  i;n;n:  Ihlenfeldt,  II. -D,.  1988. 

Other  references  Baskaran,  R.K.M.,  Ma- 
hadevan,  N.R,  Sridhar,  P.,  Kandasamy,  G.  & 

ThnnRavelu  S  HMK);  P,rure,  E..\..  V.^nA:  Htmi- 
bert,  H.,  1971;  Kamal-Kldin,  A.  &  Appelqvist, 
L.A.,  1994:  Leung,  W.-T.W.,  Busaon,  F.  &  Jar- 
din,  C,  1968:  Taranj.  M.,  Singh,  K.N.,  Ran- 
gasamy.  S.R.S.  &  Ramalingam,  R  S.,  1996: 
Reddy,  A.R.  &  Das,  V.S.R,  1995;  Smartt,  J.  & 
Simmonds,  N.W.  (Editors),  1995;  Tredgold, 
M.H.  19Sf', 
Authors  P.C.M.  Jansen 


Sesamum  ANGOLENSE  Welw. 

Protologne  Apont.:  688  (1859). 

Famil\'  I^mImIuh-'^iic 
Chromosome  number  2n  =  32 
Veruaeialar  names  MIenda  (Sw). 
Origili  and  geographic  distribution  Sesa- 

nnini  ntit>nhvisr  is  founfl  in  [)R  Oongo,  Rwanda, 
Burundi,  Kenya,  L'ganda,  Tanzania,  Malawi, 
Zambia,  Angola,  Zimbabwe  and  Mozambique. 

Uses  The  Irnvos  of  Scsaninni  anQnlriisr  are 
collected  from  the  wild,  wilted  and  cooked 
alone  or  mixed  with  beans,  peas,  groundnuts  or 
amaranth,  and  served  with  a  st:i]>le  food.  They 
are  sometimes  sold  on  local  markets.  The 
cooked  leaves  form  a  very  slimy  product.  In 
Malawi  Sescunum  €$tigolmse  is  often  eaten  with 
hran  porridpr  and  is  partirularly  popular  with 
women;  the  dish  is  often  given  to  babies  and 
disabled  persons. 

A  decoction  or  infusion  of  the  leaves  or  roots  is 
drunk  to  countorart  vomiting,  cough  ratnrrh 
constipation,   diarrhoea   and  poisoning,  and 
applied  extemalfy  to  cure  wounds  and  skin 
diseases  such  as  measles  and  sores,  and  to  cur- 


tail  bleeding  after  tooth  removal.  Formerly,  in 
Malawi,  the  leaves  were  pounded  with  water 
and  the  liquid  poured  into  the  eyes  and  over 
the  ears,  nose  and  mouth  to  cure  smallpox,  In 
Malawi  an  infusion  of  the  roots  is  drunli  at  the 
time  of  labour  to  hasten  delivery.  An  infusion 
of  the  leaves  in  water  is  also  used  as  a  shampoo 
to  oil  and  straighten  the  hair  and  as  a  substi- 
tute for  soap.  The  leaves  can  also  be  dried  and 
>i  11  1  ]  for  later  use,  eil  her  whole  or  powdered. 

Properties  There  is  no  infurmntion  on  the 
nutritional  composition  of  Sesatnuin  angoleiise 
leaves,  but  it  is  probably  comparable  to  that  of 
Sesumum  indiciini  L.  (cultivated  sesame) 
leaves,  which  is  per  100  g  edible  portion:  water 
86.5  g,  energy  188  kJ  (46  kcal),  protein  3.4  g, 
fat  0,7  g.  carbohydrate  8.6  g,  fibre  2,4  g,  Ca  77 
mg,  P  20'i  mg.  riboflavin  0.3  mg  (Leung.  W.- 
T.W.,  Busson,  F.  &  Jardin,  C,  1968).  The  seed 
of  Sesarnum  angolenae  yields  24%  of  a  green 
fixed  oil,  which  contains  9%  of  the  phenylpro- 
panoid  sesamin.  Although  the  yield  of  oil  is 
little  more  than  half  that  of  commercial  ses- 
ame, the  high  sesamin  contait  offers  opportu- 
nities for  developing  the  oil  as  a  sjmergist  to 
pyrelhrin  msecticides.  The  haemostatic  proper- 
ties of  the  roots  are  possibly  caused  by  the 

presr'ne.:'  dT  iriilriid  gliicosides  (sesnmoside, 
phlomiol,  pulchelioside-I  and  (J-p-hydroxy- 
ipolamide)  or  the  phenylpiopanoid  glycoside 
veifoasoosidc. 

Botany  Erect  annual  or  perennial  herb  up  to 
3  m  tail,  bad  smelling,  with  simple  or 
branched,  slightly  quadrangular  stem.  Leaves 
opposite,  simple,  without  stipules,  sessile  or 
with  short  petiole;  blade  oblong,  elhptical  to 
oblanoeolate,  2-11  cm  x  0.5-4  cm,  base 
cuneate,  apex  truncate,  retuse  or  acute  and 
usually  mucronnte  margin  entire  more  or  less 
inrolled,  giabrescent  above,  white  tomentose 
and  densely  glandular  below.  Flowers  solitary 
in  leaf  axils  bisexual  /ygomorphir,  ,'i-merous: 
calyx  campanulate,  with  lanceolate  lobes  up  to 
1  cm  X  2  mm,  pubescent,  persistent  in  firuit; 
corolla  obliquely  campanulate.  up  to  7  cm  long, 
2-lipped,  pink  red  ])urple  or  pale  mauve  with 
deeper  markings,  pubescent;  stamens  4,  fila- 
ments arising  from  a  band  of  hairs  near  the 
base  of  the  (Niron.-!  tube  disk  annular,  rogiilar: 
ovary  superior,  white-hairy',  2-ei  lli  (l  style  fili- 
form, stigma  2-lobed.  Fruit  a  slightly  quadran- 
gular capsule  3-3  cm  x  .5-7  mm.  1-giooved, 
gradually  narrowed  into  a  flattened  short  beak, 
densely  pubescent  but  giabrescent,  dehiscmg 
longitudinally,  many-seeded.  Seeds  flattened 
obconical,  c.  2  mm  x  1.6  mm,  not  winged. 
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faintly  rugose. 

Sesamuin  comprises  about  20  species,  most  of 
which  are  indigenous  to  tropical  Africa. 
Scsintniiii  (iiii^nh'itsi'  Vii'longs  to  section  Aph'ra 
characterized  by  entue  leaves  and  seeds  with- 
out wings,  together  with  e.g.  Sesamum  angus- 
lifdliinii  (<^Miv.)  Engl,  Sr.snnnim  calyeiiiuiii 
Welw.  and  Seaamuin  ludiatum  Thonn.  ex 
Homem.  This  section  is  closely  related  to  the 
gi^us  CiTdlolhvca .  Si'.samum  aiigolfiisc  i  ;in  be 
reropni/(  (l  easily  by  its  loaves,  which  arc  white 
tomentose  below,  and  its  large  flowers. 

Eeoloi^  Seaamum  caigolmae  is  common  in 
griissl;inil  open  woodlnnH.  marlsiiles  and 
abandoned  fields,  on  black  or  red  loam  soil,  at 
400-2400  m  altitude. 

Genetlo  reaonrees  and  Im  eding  Sesa- 
mum angolense  is  widespread  and  not  in  dan- 
ger of  genetic  erosion. 

Prospects  Seaamum  tmgolenae  will  remain 
n  minor  vegetable,  of  importanrc  when  ofher 
vegetables  are  scarce.  Its  medicinal  properties 
are  promising  and  deserve  more  attenti<ni,  in 
addition  to  research  on  the  nutritional  compo- 
sition of  the  leaves.  Sesamum  angolense  with 
its  attractive  large  flowers  frequently  visited 
by  bees  also  has  potential  as  a  garden  oma- 
ment.'il  mi]  l  ;  "  foriigp. 

Major  references  Dedigian,  D.  &  van  der 
Maesen,  J.,  2003;  Bruce,  E.A.,  1953;  Ihlenfeldt, 
H.-D.,  i;)8H:  Ruffo,  C.K.,  Bimie,  A.  &  Tengnas, 
B.,  2002:  Williamson,  -I. 

Other  references  Ivulvwaro,  J.U.,  1993; 
Leung,  W.-T.W..  Busson,  F.  &  Jardin,  C,  1968; 
Potterat.  O..  Msonthi,  -VD  &  Ilostt-ttmann.  K  . 
1988;  Tredgold,  M.ll.,  1986;  Watt,  J.M.  & 
Br^er-Braudwijk,  M.G.,  1962. 

Anthors  P.C.M.  Jansen 

Sesamum  angustifouum  (Oliv.)  Engl. 

Protologue  Pflanzenw.  Ost-Afrikas  C:  365 
(1895). 
Family  Pedaliaoeae 

Chromosome  munber  'In  =  ."!2 
Synonyms  Sesanmin  caiycinum  Welw.  var. 
angiulifolium    (Oliv.)    Ihlenf.    &  Seidenst. 

(]?)t;.S) 

Vernacular  names  Wild  simsim  (En). 
Mfiita,  mlenda  mwitu  (Sw). 

Origin  and  geogrqAio  distribution  Seaa- 
mum an  gusli  folium  orrurs  in  Kenya  T'pnnda 
and  Tanzania,  but  its  distribution  area  may  be 
larger  because  it  is  bordered  by  that  of  the 
doaely  related  and  very  similar  Seaamum  etdy- 


cinum  Welw.,  with  which  it  is  easily  confused. 

Uses  The  leaves  and  young  shoots  of 
Seaamum  angustifolium  (and  also  thos(>  of 
S^esanium  caiycinum)  are  mostly  ctillerteil  from 
the  wild.  As  the  cooked  leaves  are  mucilagi- 
nous they  are  diopped  and  cooked  together 
with  other  ingredients  such  as  other  leaf  vege- 
tables (e.g.  Corchorua),  peas  and  beans  to 
thicken  sauces  that  are  eaten  with  the  staple 
food.  The  taste  is  mild  lo  .sour  and  in  Uganda  it 
is  cnlfn  frequently,  but  ej.sewhcn'  it  is  often 
considered  a  famme  food.  The  unpleasant  smell 
of  raw  chopped  leaves  mostly  disappears  with 
cooking.  The  leaves  and  young  dioots  can  be 
dried  and  stored  for  later  use. 
The  seeds  produce  an  edible  oil,  but  they  are 
mostly  eaten  in  a  sauce  or  soup  after  grinding 
and  heuting,  In  Kenya  the  plant  is  fed  to  cattle, 
mi.\ed  with  sweet  potatoes  to  make  digestion 
easier.  The  mucilage  of  rubbed  leaves  in  water 

is  used  to  treat  eye  troubles,  bums,  wounds. 
Stomach-ache,  diarrhoea  in  children  and  to 
ease  labour  and  delivery.  In  Tanzania  a  root 
decoction  is  used  to  treat  cough  and  an  infusion 
of  pow  dered  ront<  i<  di  unk  to  cure  diarrhoea 
and  other  mteslmai  disorders.  Crushed  leaves 
are  used  as  a  soap  substitute,  rubbed  into  the 
hair  when  washing  it  lo  give  it  a  gloss\-  Idnk. 
but  also  to  treat  baldness.  In  Tanzania  the 
Sticky  crushed  leaves  have  been  used  to  trap 
tsetse  flies  on  cattle,  a  fresh  application  giving 
protection  for  about  I  hours.  The  seed  oil  is 
used  to  treat  ringworm. 

Properties  There  is  no  information  on  the 
nutritional  composition  of  Seaamum  angusti- 
folium leaves,  but  it  is  probably  comparable  to 
that  of  Seaamum  mdieum  L.  (cultivated  ses- 
ame) leaves,  which  is  per  100  g  edible  portion: 
water  g,  energ>-  IH8  k.I  (  kral),  protein 
3.1  g,  fat  0.7  g,  carbohydrate  8.6  g,  fibre  2.-1  g, 
Ca  77  mg,  P  203  mg,  riboflavin  0.3  mg  (Leung, 

W.-T.W  Russon  F  &  Jardin,  C,  1008).  The 
seed  of  Seaamum  augualifolium  yields  about 
30%  oil  whidi  is  pale  to  dark  yellow  and  odour- 
less. The  oil  contains  3,7%  unsaponifiable  mat- 
ter of  which  16%  lignans  (sesangohn  3.2%, 
sesamin  U.3%,  sesamolin  U.2%)  and  8UU  mg 
tocopherols  per  kg  oil. 

Botany  Rreet  or  spreading,  simple  or 
branched  herb  up  to  2  m  tall,  with  grooved, 
quadrangular,  glabrescent  stem.  Leaves  <^po- 
site,  simple,  without  stipules,  almost  sessile; 
blade  linenr-lanceolate,  2-12  em  x  0.1-1  em, 
base  cuneate,  apex  acute  or  rounded,  margin 
entire,  undulate  or  sometimes  in  lower  leaves 
irregulariy  toothed,  thinly  pubescent  to  gla- 
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brous  above,  usually  densely  glandular  below. 
Flowers  solitary  in  leaf  axils,  bisexual,  zygo- 
mor]>hi<  'i-nierous;  calyx  campanulate  with 
lanceolate  lobes  up  to  9  mm  long,  persistent  in 
firuit;  corolla  tubular,  2—1  cm  long,  2-lipped, 
pink,  red,  mauve  or  purple,  often  spatted  in- 
side, pubescent:  stiiniens  1  f'iljiinents  arising 
bom  a  band  ut'  hairs  in  the  uuroUa  tube;  disk 
annular;  ovary  superior,  2-celled,  style  filiform, 
stigma  2-lobed.  Fruit  a  narrowly  oblong.  (iu;id- 
ranpular  capsule  up  to  2  5  cm  'x  I  mm,  lii  ejily 
•1-grooved,  apex  with  a  narrow  beak  up  to  3.5 
mm  long,  glabrous  to  sli^tly  pubescent,  de- 
hiscing loni;ituilui;ill> .  many-seeded  Seeds  c. 
1.5  nun  X  i  mm,  not  winged,  surface  rugose, 
blade. 

Seaamum  anguatifolium  belonga  to  section 

Aptora.  together  with  e.g.  Sc'sainiiin  angoh'tiso 
Welw.,  Sesainum  calyciiium  Welw.  and 
Seaamum  radiatum  Thonn.  ex  Homem,  and 

opinions  differ  ahoiit  its  delimitation.  The  dif- 
ference between  Sesammn  aiigusUfoUum  and 
Seaamum  calyehmm  is  not  always  dear.  The 
fiuiK  of  Sesainiiiii  calyciiium  are  usually 
111  1. 1<  li  r  ;md  its  seeds  usually  larger  and  have  a 
double  fringe. 
Ecology  Seaamum  anguatifoUum  is  common 

in  mndsidt^s  prnsslnnd  nnd  as  a  weed  in  fields, 
from  sea-level  up  to  2UUU  m  altil  tide. 

Managemeut  Seaamum  an gunti folium  is 
mostly  collected  from  the  wild,  but  occnsion.illy 
cultivated  around  houses  or  in  fields,  and  sold 
at  local  markets.  Propagation  is  by  seed  and 
seedlings  are  thinned  to  a  spacing  of  about  20 

cm,  Y<iuni;  sHoijIs  cm  be  harxcsted  iiboiif  i\ 
weeks  after  sowing  and  if  water  and  soil  fertil- 
ity allow,  harvesting  can  be  repeated  about  6 
times  because  the  plant  recovers  from  the  base. 
Wlion  the  j>Iant  stai-ts  flowering  nnd  fruiting 
the  shoots  become  too  woody  for  vegetable  use. 

Qenetio  resotntrces  and  breeding  Seaa- 
mil  III  aiifiji.ififnliinii  is  widespread  and  not  in 
danger  of  genetic  erosion. 

Prospects  In  East  Africa  Seaamum  anguati' 
folium  is  locally  an  appreciated  vegetable, 
which  is  owasionall\  cultivated  l)ut  also  widely 
available  from  the  wild.  Us  nutritional  compo- 
sition and  medicinal  properties  deserve  further 
research.  Sr.sniiiiiiii  niiffiisfifniliiiii  h.is  poten- 
tial as  an  attractive  garden  ornamental. 

Major  references  Grabow-Seidenstidcer, 
v.,  1988;  Ihlenfeldt.  H.-D,.  1988:  Katende, 
A.B.,  Ssegawn,  P.  &  Bimie,  A.,  1999;  Maundu, 
P.M.,  Ngugi,  G.VV.  &  Kabuye,  C.H.S.,  1999; 
Rufib,  C.K.,  Bimie,  A.  &  Tengnds,  B.,  2002. 

Other  references  Bedigian,  D.  &  van  der 


Maesen,  J.,  2003;  Burkill,  H.M.  1997:  Bruce. 
E.A.,  1953;  Gelfand,  M.,  Mavi,  S.,  Drummond, 
K  B.  &  Xdemera,  B.,  1985;  Kamal-Eldin,  A.  & 
Appelqvist.  L  A  1994:  Kokwnro  J  O..  1993: 
Leung.  VV.-T.VV.,  Busson,  F.  &  Jardm,  C,  1968; 
Sdiippers,  R.R.,  2000;  Sorensen.  C,  1993; 
Tredgold  M  H  198(,  Watt,  J.M.  &  Breyer- 
Brandwijk,  M.G.,  1962. 
Authors  P.C.M.  Janaen 


SESAMUM  RADIATUM  Thonn.  ex  Hornem. 

Protologue  Enum.  pi.  hort.  hafii.,  suppl.  2: 
12  (1806). 
Family  Pedaliaeeae 
Chromosome  nnmber  2/(  =  64 

Vernacular  names  Black  benniseed  (En). 

Origin  and  geographic  distribution  Sesa- 
mum  radiatum  is  of  African  origin  and  was 
taken  into  ciiltivatinn  in  .Africa  at  an  early 
date,  it  occurs  wild  in  West  and  Central  Africa 
and  is  cultivated  there  on  a  small  scale.  It  does 
not  occur  in  East  and  southern  Africa  (exo^t 
northei'n  Angola)  but  is  sometimes  cultivated 
and  found  nalurali/ed  in  tropical  Asia. 

Uses  Freeh  leaves  of  Seaamum  radiatum  are 

a  popular  leafy  vegetable  Young  shoots  are 
finely  cut  for  use  in  soups  or  sauces  eaten  with 
porridge.  Cooked  leaves  have  a  slimy  texture. 
Sesoinum  radiatum  is  somclimcs  grown  for  its 
seeds  These  are  oonsumed  whole,  toastt^d  or 
after  gnndmg  as  paste.  An  edible  oil  can  be 
extracted  horn  the  seed,  but  this  is  rarely  done, 
.iltlinugh  tlic  <ci'(l  may  be  an  adulterant  of  ses- 
ame seed  (Sesainuin  iuJicuin  L  ). 
Seaamum  radiatum  has  several  medicinal  and 
cosmetic  uses.  A  cold  leaf  infusion  is  drunk  to 


Seaemum  radiatum  -  wild  and  planted 
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case  childbirth.  A  leaf  infusion  is  used  as  a 
shampoo  and  to  kill  head  lice.  A  mixture  of 
past  e  from  pounded  seeds  and  shea  butter  and 
other  ingredients  is  applied  as  n  treatment  for 
rectal  prolapse.  Filtrate  of  crushed  leaves  is 
drunk  to  treat  metrorrhagia  and  a  leaf  macera- 
tion is  used  for  bathing  for  the  same  purpose. 
Macerated  fresh  leafy  stems  are  drunk  as  an 
antidote  for  scorpion  stings;  they  are  applied 
ext<  rn;illy  to  treat  sprains. 

Production  and  international  trade  Sesa- 
mum  radiatum  is  only  grown  on  a  small  scale, 
mainly  for  home  consumption. 

Properties  There  is  no  information  on  the 
nutritionai  composition  of  Sesamum  radiatum 
leaves,  but  it  is  ]h cbubly  comparable  to  that  of 
Seaamum  indicum  leaves,  which  is  per  100  g 
edible  portion;  water  85. .5  g,  enertjy  188  kJ  (15 
kcal),  protein  3.4  g,  fat  0.7  g,  carbohydrate  8.G 
g,  fibre  2.4  g,  Ca  77  mg,  P  203  mg,  riboflavin 
o  ms  (Leung.  W.-T.W.,  Busson,  F.  &  Jardin. 
C,  1968). 

The  seed  contains  32.3%  oil.  The  oil  is  similar 

in  composition  to  sesame  oil;  its  fatty  acid  com- 
position is  oleic  acid  40%.  linoleic  acid  40%, 
palmitic  acid  10%  and  stearic  acid  7%.  The  oil 
contains  the  phenylpropanoid  lignan  seaamin 

(2.1%).  This  cnmiMnind  .showed  ant  ioxi(l;inl . 
anti-mllammatory,  antihypertensive,  cytotoxic 
(indudingr  antitumour)  and  inaecticidal  activi- 
ties 

Adult^^rationa  and  substitutes  8»veral 
other  Sesaimnii  species  and  Ceratolheca 
Msamoidea  Endl.  are  used  in  similar  ways  as  a 

pothcib  ,in<l  fur  (heir  edibli.'  nily  seeds. 

Descriptioa  Erect  annual  herb  up  to  120(- 
160)  cm  tall;  stem  simple  or  brandied,  glandu- 
lar pubescent.  Leaves  opposite  or  alternate  in 
upper  part  of  pbnnt  simple;  stipules  absent; 
petiole  up  to  2.5  cm  long  in  lower  leaves,  short 
in  upper  leaves;  blade  lanceolate  to  ovate  or 

elliplirnl  .3-]0(-]2)rm  x  1.5-5(-7)  rni  runeate 
to  obtuse  at  base,  acute  at  apex,  coarsely  ser- 
rate in  lower  leaves,  usually  entire  in  upper 
leaves,  pubescent  and  densely  mealy  glandular 
below.  Fluueis  solitary  in  leaf  a.vils.  bisexual, 
zygomorphic,  5-merous,  with  2  bracts  at  base, 
eadi  bract  with  an  axillary,  sessile  gland;  pedi- 
cel (2-).'^— 4(— 5)  mm  long:  r.nlyx  with  nrirrnwly 
triangular  lobes  up  to  7  mm  long,  connate  at 
base;  corolla  obliquely  campanulate,  2.5—6  cm 
long,  pubescent,  pink  to  purplish,  sometimes 
white,  lower  lobe  slightly  longer  than  other 
lobes;  stamens  1,  inserted  near  base  of  corolla 
tube  and  included;  ovary  superior,  2-oelled  but 
eadi  cell  divided  by  a  false  septum  almost  to 


hrajieh;  3,  fnn'l;  t  sferi.i. 

Rrilrairn  and  adapted  by  Achmad  Satiri  Nur- 

haiiian 


apex,  style  long  and  sli'tid'  i  with  2dol>ed 
stigma.  Fruit  an  ublung-quadrangular  capsule 
2-3.6  cm  long,  slightly  compressed  laterally, 
pubesc-cnt,  with  a  very  short  beak  at  apex,  of- 
ten with  2  lateral  short  protubernnces,  loculi- 
cidally  dehiscent,  many-seeded.  Seeds  obovate 
in  outline,  compressed  laterally,  2.6-3.6  mm  x 

1.5—2  mm  testa  with  r.-nbal  sculptures,  blnrk 
or  brown.  Seedling  with  epigeal  germination; 
h>'pocotyl  1-2  cm  long;  cotyledons  broadly  el- 
liptical, up  to  1  cm  long,  entire,  leafy. 

Other  botanical  information  ^^csnniinn 
comprises  about  20  species,  most  of  which  are 
indigenous  to  tropical  Afirica.  Sometimes  small 
horns  ran  be  present  on  fruits  of  Seaamum 
radiatum,  and  in  that  case  confusion  is  possi- 
ble with  Ceratoiheca  seaamoidea.  In  habit 
Seaamum  ixtdiatum  resembles  Si'samum  indi- 
cum, but  it  can  be  ilistinguished  by  the  testa 
structure  (smooth  m  the  latter  species). 
Seaamum  radiatum  and  other  Pedaliaeeae  are 
covered  with  mucilage  glands.  The  mature 
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socrcting  glandular  hair  consists  of  a  head  of  4 
cap  cells,  which  are  attached  to  a  stalk  of  1-3 
oells.  The  glands  may  enable  the  plant  to  with- 
stand severe  desiccation  without  tissue  dt  iith, 
After  contact  with  water,  the  outer  cell  walls  of 
the  head  cells  dissolve,  producing  an  enormous 

amount  of  niu<  iI.M_;<'. 

Growth  and  development  Sesamum  m- 
dktfyim  shows  indeterminate  growth,  so  that 
flowering  continuos  as  long  as  environm^tal 
rondilions  prmiit  longer  th  in  is  usual  for  ses- 
ame. In  a  germplasm  evaluation  trial  in 
Kadugli,  Sudan  an  accession  identified  as 
Seatunum  ndiatuiu  continued  growth  for  2 
months  after  all  other  accessions  of  sesame  had 
aenesoed  and  were  harvested 
Seaainuin  radiatum  is  primarily  self- 
pollinated:  the  flowers  open  at  dawn,  after  j>ol- 
lination  has  occurred.  However,  under  extreme 
oonditicms  some  outcroesing  may  occur.  It 

take.';  about  f!  weeks  fifom  anthesis  to  fruit  ma- 
turity. The  fruits  do  not  open  fully;  an  angular 
pocket  at  the  base  of  the  fruit  retains  some 

Ecology  Sesamum  radiatum  is  adapt I'd  to  a 
wide  range  of  habitats,  but  is  must  common  in 
savanna.  It  occupies  open  localities  where  few 
other  herhac-eoiis  i)lants  prow  Ti  occurs  on  nu- 
tritionally poor  sites,  growing  in  gravelly, 
sandy  and  rocky  localities.  It  is  also  a  weed  and 
occurs  in  formerh"  cultivated  fields.  It  tolerates 
heat  and  drought  well  anil  continues  growth 
and  tlowermg  during  the  diy  season. 

Propagation  and  planting  The  wei^t  of 
1000  seeds  is  about  2  ">  g.  Seed  may  be  sown 
into  seedbeds,  in  seed  boxes  or  directly  2^ 
seeds  per  hole.  Germination  takes  6-10  days. 
Seedlings  are  transplanted  at  a  spacing  of  ap- 
proximately ]"icm. 

Management  Sesamum  radiatum  responds 
well  to  fertilizer.  For  leaf  production  plants  are 
topped  to  promote  the  growth  of  new  ha.sal 
shoots  ixom  which  larger  leaves  can  be  har- 
vested. Plants  in  th^  second  year  may  be 
pruned  to  a  height  of  2-6  cm  to  encourage  new 

shoot  prniilict  inn . 

Diseases  aud  pests  I'hylludy  (a  my- 
coplasma disease)  and  stem  fasdation  appear 

in  wild  Sendinui)}  spcrirs  as  well  as  sesame 
cultivars.  Cercospom  sesami  may  cause  small 
blade  spots  with  difiuse  edges  on  the  leaves 
and  also  on  the  stems  and  fruits.  Caterpillars 
of  hawk  moths  {Sphiugiddi')  may  defoliate  a 
plant  m  a  few  days.  The  catei-piUars  are  para- 
sitized by  nematodes  and  flies  that  kill  them 
before  pupation.  Larvae  of  another  moth,  Anii- 


gasf  ra  catalaunalis,  damage  the  tops  of  plants. 
The  green  vegetable  bug  Nezara  viridula  feeds 
on  the  leaves,  causing  small  brown  spots. 
IJi'sistance  to  Aittiiiastra  nilnlaiiinttis  (shimt 
Webber),  the  root -knot  nematode  Meloidogyne 
hieognUa,  Fhytophthora  blight,  Fuaarium  wilt, 
leaf  blight  and  seedling  blight  in  Sesomum 
radiatum  has  been  reported. 

Harvesting  The  first  leaves  can  be  har- 
vested 8-10  weeks  after  sowing  Harvesting  at 
7-10-day  intervals  can  continue  for  a  period  of 
about  14  weeks.  Han^esting  for  seed  is  after 
about  4  months. 

Yield  In  .\igeria  a  leaf  yield  of  5-6  tAia  (5-6 
kg  per  10  m^bed)  can  be  expected 

Handling  after  harvest  Leaves  harvested 
in  the  rainy  season  may  be  dried  and  stored  foi' 
use  during  the  dry  season  They  are  brought 
from  the  field,  cleaned  and  spread  out  in  the 
sun  without  prior  blandiing.  After  drying  they 
are  crush (>d  to  powder  and  stored  in  bags  or 
plastic  containers. 

Genetic  reaonrces  Sesamum  radiatum  is 
widespread  and  occurs  in  various  habitats,  and 
is  consequently  not  in  danger  of  genetic  ero- 
sion. No  germplasm  collections  or  breeding 
programmes  are  known  to  exist. 

Prospects  Se.sn in tiiti  nidiatiim  will  probably 
remam  of  some  importance  m  West  Africa  as  it 
produces  fresh  leaves  during  the  dry  season. 

Major  references  Redigian,  D.,  in  pre.ss; 
Burkill  H.M.,  1097;  Busson,  F.,  100.^:  Dokosi, 
O.B.,  1969;  Gautier-Beguin,  D.,  1992; 
Ihlenfeldt,  H.-D.,  1988;  Irvine,  F.R.,  1969; 
Neuwmi,'.  1-  ]]  ]1   2000  Stev.-ls^  J.M.C..  1990, 

Other  references  iiedigian,  D.,  1988;  Be- 
digian,  D.,  2003a;  Bedi^an,  D.,  2003b;  Be- 
digian,  D..  Seigler,  D.S.  &  HaHan.  J  R.,  1985; 
Hakki,  M  l  1081;  Heine,  H.  ]'.mh:  Katcndo, 
A.B.,  Ssegawa,  1*.  &  Binue,  A.,  1999;  Lee,  J.I., 
Lee,  B.H.,  Seong,  N.S.  &  Kang,  C.W.,  1991; 
Leung,  W.-T.W  ,  Russon,  F.  &  Jardin,  C  lOHS; 
Ogle,  B.A.,  Malombo,  L.,  ^/lingochi,  D.S.,  Nko- 
mesh,  A.  &  Malasha,  I.,  1990;  Portdres,  R., 
1961;  Thangavelu.  S..  1991:  Watt,  J.M.  & 
Breyer-Rranilwiik  MmI  10i-,2 

Sources  of  illustration  Stevels,  J.M.C., 
1990. 

Authors  D.  Bedigian 
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SESUVIUM  PORTULACASTRUM  (L.)  L. 

Protologue  Sjrst.  nat.,  ed.  10:  1058  (1759). 
Family  Aizonrcni 

Chromosome  number  'Zn  -  16,  32,  3t>,  18 
Synonyms  Portulaea  portulaeastrum  L. 

(175:i) 

Vernacular  names  Seaside  purslane,  sam- 
phire, cenicilla  (En).  Pourpier  de  mer,  pourpier 
mJJrilinio  (Fr).  Rcldrocga  dn  prnia  (Po). 

Origin  and  geographic  distribution  Siwi- 
liuin  portulaeastrum  is  widely  distributed  in 
the  tropics  and  subtropics  on  saltwater 
beiichfs.  It  (KTurs  idont;  all  cx>fists  of  Africa, 

Uses  Sesuiiuin  portiilacaatmm  is  oocasion- 
ally  but  in  many  ooimtriea  eaten  as  a  v^jeta- 
ble,  and  the  leaves  have  the  acidulous  flavour 
of  sorrt'l  (Riiiiu'x  spp.  and  OxaJis  spp  ).  Because 
it  is  very  salty,  it  net*ds  repealed  bulling  in 
fresh  water.  Several  animals  graze  it  (sheep, 

gnnts.  cnTncls)  .-ind  it  is  s.iid  lo  he  n  fnvoiirito 

food  of  crabs.  In  Ghana  it  is  burnt  to  smoke 
fish.  In  Sen^al  the  plant  is  used  as  a  haemo- 
static and  a  decoction  is  considered  the  best 
antidote  for  stinsjs  of  venomous  fish;  it  should 
be  applied  externally  tur  a  lung  time.  The 
leaves  are  said  to  be  antiacotbutic.  Seauvmm 

poriuhu-fi.'iliinu  is  sometimes  fiiltivnted  ns  nn 
ornamental  and  as  ground  cuver  to  prevent 
erosion  in  dune  vegetation. 

Properties  At  increasing  levels  of  NaCl  in 
the  soil  (up  to  600  mM).  totnl  nmino  nrid  and 
sugar  contents  of  Sesuvium  portukuasirum 
decrease  while  protein,  starch,  proline  and 
t;l\ ciiicliot ;tin('  riintcnts  inrrcase.  The  insect 
moulting  hormone  2U-hydroxyecdysone  has 
been  isolated  from  Sesuvium  portulaeastrum. 

Botany  A  suIh  rect,  proslrale  or  creeping, 
glabrous,  sumilfnt  pej-onnial  herb  up  to  30  cm 
tall,  with  thick  stems  rooting  at  the  nodes. 
Leaves  opposite,  simple,  fleshy:  blade  oblanoeo- 

Into  cm       0.1  — 15  cm    brisc  m-ndunlly 

narrowing  into  a  petiole,  scarious-expanded, 
stem-clasping  and  connate  with  base  of  oppo- 
site leaf,  apex  rounded,  margins  entire,  Flow- 
ers solitarj',  bisexual,  regular  7-12  mm  long; 
pedicel  3—15  mm  long,  thickciuci  upwards; 
tepals  6,  persistent  in  fruit,  connate  at  base 
into  a  tube  about  one  third  of  the  length  of  the 
lobes,  these  unequal,  triangular,  acute,  Just 
below  the  apex  each  with  a  fleshy  dorsal  apicu- 
lus  1.6  mm  long,  greon  outride,  pink  to  red- 
purplish  inside;  stamens  many,  free,  inserted 
in  the  mouth  of  the  perianth  tube;  ovary  supe- 
rior, (2-)3-4-ceUed,  styles  (2-)3-4.  Fruit  a  dr- 
cumadsaile  capsule  with  the  lid  remaining 


whole,  mnny-.seeded.  Seeds  smooth,  black. 
Sesuvium  comprises  about  12  species  and  is 
closely  it  lated  to  Cypucli'd  and  Triaiithema, 
(ogetbt'i-  thought  tn  link  Aizoaccdc  to  Porliila- 
caceae;  it  is  sometimes  classified  m  the  latter 
family. 

Ecology  Sesin  iiiiri  portiildcnstruiii  grows  on 
maritime  shores  at  about  high  water-level,  m 
saline  beadi-dunes  in  the  littoral,  marshes, 

lagoons  and  dislml  I  loc-atlons  in  coastal  ar- 
eas It  is  vejy  salt  loh  rant  and  n  pioneer  sand- 
colonisuig  plant  that  grows  on  the  upper  beach 
and  seaward  slope  of  the  frontal  dune  or  beadi 
ridge.  It  trn]>s  and  holds  winii-l>lr)wn  s;md  and 
tends  to  ibrm  small  ridges  or  mounds,  it  does 
not  survive  complete  burial  under  wind-blown 
sand.  It  also  grows  well  in  more  protected  litto- 
ral locations  and  it  can  be  included  in  dune 
revegetation  programmes.  Flowering  and  fruit- 
ing is  year  round.  Eadi  flower  opens  for  only  a 

few  hours  [ici'  day. 

Management  Sesiuium  poriulacastmm  can 
be  inopagated  by  seed  and  by  rooted  stem  cut- 
tings. Plants  are  preferably  planted  in  well- 
drained  sandy  soil,  spaced  75-150  rm  ai)art 
Semii  iuin  porlulacaalruin  gruws  m  full  sun  and 
tolerates  acidic  and  alkaline  soils,  having  also 

a  high  drought  toler.inrr-  It  is  a  low- 
mamtenance  plant,  needing  no  irrigation  or 
fertilizer  and  s^ious  diseases  or  pests  are  not 
known. 

Genetic  resources  and  breeding  Srsii- 
l  iuin  purtiilacaislruiii  is  widespread  and  not  in 
danger  of  genetic  erosion. 

Prospects  Si'siiviuin  portulaeastrum  is  m 
interesting  vegetable,  easy  to  grow,  remaming 
of  value  in  suitable  locations.  It  is  an  important 
picmeer  spades  on  sandy  beaches  in  the  sub- 
tropics  and  tropics  where  its  mat-forming 
growth  habit  pi-omotes  embrjonic  dune  forma- 
tion. 

Major     references     Bogle      .\.L.,  1970; 
Burkill,  H.M.,  1985;  Jeffiey,  C,  1961. 
Other  references  Lonard,  R.I.  &  Judd, 

F.W.,    1997;   van   den   Bergh.    Mil,  1993; 
Venkatesalu,  V.  Kumar.  R.Ii.  &  ' 'h<>ll;ippan 
K.i'.,  lLiti4a;  \  enkalesalu,  V.,  I\uniar,  li.U.  &, 
Ghellappan,  K.P.,  1994b. 
Auliiors  P.C.M.  Jansen 
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Smithia  ELUOTii  Baker  f. 

Protologne  Legum.  Trop.  Afiica  2:  304 

(1929). 

Family  Papibonaceae  (Leguminosae  -  I'apilio- 
noideae,  Fabaoeae) 

Origin  and  geographic  distribution  Siitithia 
elliotii  is  recorded  from  Nigeria,  (r'ameroon,  DR 
Congo.  Burundi,  Ethiopia,  Kenya,  Uganda, 
Titn/iinia,  Malawi,  Zambia,  Mozambique  and 
Madagasrar 

Uses  In  Malawi  the  leaves  of  Smilhia  elliotii 
are  cooked  and  eaten  as  a  side  dish.  The  leaf- 
let s  mo  sfparated  from  thf  rachis  and  cooked 
with  the  addition  of  potash.  The  cooked  product 
is  80  slippery  that  most  of  it  runs  ba<&  into  the 
dish  when  a  lump  of  porridge  is  dipped  in; 
hence  it  goea  a  lonj;  way.  The  dish  is  frequently 
eaten  by  women  and  children  and  is  prepared 
especially  for  babies  and  invalids.  Vegetable 

u.^o  hns  hern  rr-rorrlod  from  DR  Congo  as  well, 
but  no  details  have  been  published. 

Botany  Etecumbent  herb  up  to  180  cm  long, 
Leaves  alternate,  p;ii  iimmate  with  10-28  leaf- 
lets; stipules  with  a  bas;il  extension,  up  to  13. .5 
cm  long;  petiole  2—5  mm  long,  rachis  1.5—5.5 
cm  long;  leaflets  linear-oblong,  3—16  mm  x  1-fi 

mm.  Iinsr-  ril'lii|i.u'Iy  rnunded  apex  rounded  to 
acute,  apiculate.  Inflorescence  umbellate,  1—1.6 
cm  long,  dense,  up  to  12-flowered;  bracts  early 
caducous.  Flowers  bisexual,  papilionaceous; 
calyx  c.  1  cm  long,  covered  with  yellow  bristles: 
corolla  puiplish,  standard  c.  1  cm  long.  Fi'uit  a 
pod  with  4-7  segments,  each  segment  2-3  mm 
long  and  wide, 

Smithia  comprises  about  3U  species,  must  of 
them  from  Asia  and  Madagascar.  Smithia 
emhe.tceits  (E.Mey.)  Baker  f  is  restricted  tO 
South  Africa  and  Swaziland  and  records  for 
this  species  from  tropical  Africa  refer  to  either 
Smilhia  eiUotii  or  to  Smithia  (Urysaimea 
(,\  Ri'  li  ;  \'crdc,  nn  Ethiopian  endemic. 

Ecology  Siniihia  elliotii  is  found  in  coarse 
grassland  in  glades,  along  streams  and  in 
swamps,  sometimes  even  growing  in  standing 
water  at  1  l-'H-l'TOn  m  altitude 

Management  Smilhia  elliulii  leaves  are 
collected  from  the  wild  and  they  are  commonly 
sold  in  Inc.il  mrirl^ris  in  Malawi.  There  are  no 
recent  records  on  cultivation. 

Genetic  resources  and  breeding  The  risk 
of  genetic  erosion  is  limited  because  SmiUua 
elliotii  is  widely  distributed  and  not  uncom- 
mon. 

Proapeots  Smithia  elliotii  will  remain  of 
interest  as  a  vegetable  only  locally. 


Miyor  references  Verdoourt,  B.,  2Q00a; 
Williamson,  J.,  1955. 

Other  references  Burkill  H.M  .  199."):  Gil- 
lett.  J.B  .  PolhiU,  R.M..  Verdcourt.  B  Sehu- 
bert,  B.G.,  Miine-Redhead,  E.  &  Brummitt, 
R.K..  1971;  Thulin,  M..  1989. 

Antiiors  C.H.  Bosch 


Soi  ANEao  BIAFRAE  (Oliv.  &  Hiem) 
C.Jefir«y 

Proiologue  Kew  BuU.  41(4):  922  (1986). 

Family  .\srerace.ie  (Compositae) 

Chromosouie  number  2n  -  20 

Synonyms  Seneeio  biafrat  Oliv.  &  Hiem 
(1877)  Crassocophaium  biafrae  (Oliv.  &  Hiem) 
S.Moore  (1911::) 

Vernacular  names  Woruuo,  bulogi  (En). 
Worowo  (Fr). 

Origin  and  geographic  distribution  So/o- 
uecio  biafrae  occurs  natura%  in  the  forest  zone 
from  Guinea  to  Uganda.  It  is  cultivated  on  a 
small  scale  only,  mainly  in  Nigeria  and  Camer- 
oon. 

Uses  Fresh  succulent  leaves  of  worowo  are 
used  as  a  leafy  vegetable  in  Sierra  Leone, 

Ghana  Renin  Nigeria  Cameroon  and  (lahon. 
They  are  especially  popular  in  soulh-u  eslern 
Nigeria.  They  are  usually  cooked  wit  h  pepper, 
tomato  and  anions.  In  such  disht  s  there  is  no 
need  for  meat  or  fish  because  of  the  excellent 
properties  of  the  vegetable,  reflected  in  the 
Yoraba  proverb  Vegetable  soup  prepared  with 
worowo  does  not  need  meat'.  However,  fish  or 
meat  may  be  added  to  the  soup.  In  Sierra 
Leone,  where  it  is  called  'bologi',  the  leaves  are 
eatra  as  a  steamed  vegetable  in  combination 


Solanecio  biaftve  -  wHd 
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with  okra  and  fish.  Thoy  are  first  steamed  in 
boihng  water  and  later  squeezed  to  remove  the 
mucilage  from  the  leaves.  The  .squeezing  is 
folliiwi'd  l)y  2-:^  nns<"<  with  cnkl  water  to  re- 
move the  mucilage  as  completely  as  possible. 
An  inftision  of  the  leaves  is  taken  as  a  drink. 
Atnon^:  the  Yoniba  speaking  people  of  south- 
western Nigeria,  a  leaf  extract  of  worowo  is 
used  to  stop  bleeding  from  cuts  or  injury  and  in 
Sierra  Leone  and  Cameroon  a  leaf  oxir  i<  i  i- 

used  to  (rent  sore  eyes  Tn  Potr  d  Tvoire  ))ulpeil 
leaves  are  applied  to  the  breasts  as  a  galac- 
tagogue.  In  Congo  worowo  is  used  to  treat 
cduyh  Mild  hcjirt  trouhii's.  ,is  a  tonic  and  to 
relieve  rheumatic  pain,  prurient  allergies  and 
localized  oedemae.  In  Congo  it  also  has  cultural 
uses  in  initiation  and  funeral  rituals  and  in 
Yoruba  cultun'  it  is  associated  with  rituals  to 
ward  off  smallpox. 

Production  and  itttemational  trade  Woro- 
wo is  marketed  only  locally.  There  are  no  re- 
cords of  international  trade.  This  vegetable  is 
becoming  quite  rare  and  is  therefore  several 
times  more  expensive  than  Amcaxutthus,  Ce2o- 
aia  or  (\iirhnnis  leaves, 

Properties  In  south-western  Nigeria  Solan- 
ecio  biafrae  occurs  in  two  distinct  types:  plants 
with  purple  st(>ms  and  plants  with  green 
stems.  Leaves  of  the  green-steuuned  types  con- 
tain per  100  g  dry  matter:  crude  protein  12.3  g, 
crude  fibre  11,8  g.  Cn  :U2  mp  P  m  mg,  Fe  52 
mg.  Leaves  of  purple-stemmed  t\-pes  contain 
per  100  g  drj'  matter:  crude  protem  11.6  g, 
crude  fibre  10.6  g,  Ca  320  mg,  P  46  mg,  Fe  53 
ms  (A<lel)ooye  O  T  .  2000).  The  leaves  of  So- 
lanecio  biafrae  contain  small  amounts  (less 
than  0.1  g/100  g  fresh  leaves)  of  terpenoids, 

m<'iinl>  ihf  s(  squi(er[)ene  ijermacrene  D. 

.•\diilterationa  and  substitutes  When  wo- 
rowo is  not  available,  it  can  be  replaced  by  other 
leafy  vegetables,  but  th^  all  taste  dififorent. 

Description  Perennial  climbing  herb  with 
stem  up  to  3  m  long,  strongly  branched; 
brandies  succulent,  glabrous.  Leaves  alternate, 
simple  or  deeply  pinnately  lobed.  more  or  less 
sutx'ulent:  stipuli'-'  absent:  jietioie  I— S(-lll)  cm 
long;  blade  triangular  to  hastate  or  with  up  to 
3  lobes  on  eadi  side,  6-16  cm  x  3-14  cm,  mar» 
gin  sparsely  toothed,  surf.Kc  tjlns-jy.  Infloi-es- 
cence  a  narrowly  campanulate  head  9-12  mm 
X  3-6  mm,  arranged  in  a  terminal,  compound, 
dense  eorj'mb:  head  many-flowered,  homoga- 
mous;  peduncle  o-l  1  cm  long:  involucral  bracts 
1-6.  Flowers  bisexual,  tubular,  S-merous;  co- 
rolla c.  6  mm  long,  pale  yellow;  stamens  with 
fused  anthers;  ovary  inferior,  1-oelled,  style 


Solmieeio  hittfrae  -  1,  young  branch;  2,  leaf;  3, 

floicrniiff,  f>raiicli. 

Redrawn  and  adapted  by  Iskak  Syamaudiii 

bifid.  Fruit  <■)  ( \  Imdrical,  glabrous  acliene  c.  3 
mm  long,  black  when  ripe  with  pappus  consist- 
ing of  long,  white,  silky  hairs. 

Other  botanical  inlbniiAtion  Solaneeio 
comiinses  al)out  I'l  species  and  occurs  in  tropi- 
cal Africa,  Madagascar  and  Yemen.  It  belongs 
to  the  tribe  Seneeuateae  and  seems  related  to 
Gynura,  which  is  not  succulent . 

Leaves  of  Snlniirrin  nil Qiilatii.i  (A'nhl)  ('  -leffrey 
are  also  collected  from  the  wild  and  used  as  a 
cooked  vegetable  in  DR  Congo,  but  it  is  mainly 

used  foi-  modirinnl  jnirposps  The  loaves  of  .So- 
lanecio  angulatus  are  usually'  pinnatelj'  lobed 
and  its  fruits  are  hairy. 

Grow  til  and  development  SoJonseib  ftioi^tK 
is  a  ehinlier  thai  twines  clockwise  on  woody 
plants.  I'rofuse  branching  occurs  about  50  cm 
above  the  ground  causing  bushy  growth.  The 

stems  arc  vfiy  lender  and  hri-.ik  cn-^ily  even 
when  handled  with  care.  Flowering  takes  place 
in  Nigeria  in  January-February.  Worowo  con- 
tinues to  grow  in  the  dry  season  under  the 
moist  conditions  of  cacao  plantations. 

Elcology  Solaneeio  biafrae  is  an  understorey 
dimber  in  the  rainforest  zone  of  West  and  Cen- 
tral Africa,  where  average  annual  rainfall  is 
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about  1500  mm,  from  sen-level  to  1300  m  alti- 
tude. It  strongly  iresponds  to  water  stress  by 
<lt  \ <  li)iniit;  shrivelled  stems  and  yellowing  of 
ihf  Iciu  i's  ;iiul  cHnnot  survive  under  dry  rondi- 
tions.  in  cultivation  provision  of  shade  is  essen- 
tial for  good  growth.  It  prefers  a  moist,  well* 

di-;iini'd  soil  ni  h  in  ni^nnir  iiiiittcr, 

Propagation  and  planting  Worowo  is  gen- 
erally collected  from  the  wild,  but  is  occasion- 
ally cultivntt  d  S(*pd  production  is  abundant 
and  propngation  by  seed  is  possible  but  viabil- 
ity tends  to  be  very  poor  (generally  <  2%). 
Moreover,  the  seed  is  difBcult  to  clecm  because 
of  the  pappus.  The  wciijht  of  1000  seeds  is 
about  0.6  g.  Seed  should  be  planted  in  pervious 
humid  soil  under  light  shade.  Germination 
takes  several  days.  Spontaneous  seedlings  are 
sometimes  eullected  for  transphintint;  For 
vegetative  propagation  semi-hard  cuttings  of 
10-1 6(-^)  cm  long  with  4—6  nodes  are  used.  It 

is  roc-ommcndr-d  In  rr-mnvo  tho  Irnvos  nnd  lops 
before  planting.  Cuttings  are  planted  m  moist 
well-drained  soil  ridi  in  organic  matter  and 
always  under  a  tree  or  shrub  for  shade  and 
support.  There  is  no  need  for  a  nursery.  Plants 
require  a  spacmg  of  1.5  m  x  1.5  m  to  allow  lor 
ea^y  management  when  the  crop  starts  branch- 
in  g  profusely 

Management  As  a  climber,  worowo  requires 
staking  or  planting  under  a  horizontal  trellis  of 
about  1  m  high.  In  plantations  where  worowo 
grows  ns  n  weed,  cncno  trocs  nfton  serve  as  live 
stakes.  I'armers  puiposely  retain  stands  of 
worowo  during  cleaning  operations.  In  home 
gardens  the  use  of  wooden  poles  is  r<'<i)ni- 
mended.  Side  shade  from  hedges  or  trees  is 
benefidaL  In  south-western  Nigeria  mulching 
is  advantageous  especially  during  the  dry  sea- 
son. Since  worowo  quirkly  forms  n  dense  rnn- 
opy,  weed  growth  is  suppressed  and  manual 
weeding  is  required  only  once  before  the  can- 
opy rlosrs.  During  the  dry  season  worowo 
should  be  well  watered.  Farmers  often  cut  back 
flowering  shoots  to  favour  leaf  production.  The 
quality  of  worowo  leaves  grown  in  gardens  is 
companible  to  those  eoUected  &om  cacao  plan- 
tations or  from  the  wild. 

Diseases  and  pests  No  serious  diseases  in 
worowo  have  hern  reported.  In  Nigeria  some 
damage  is  caused  by  variegated  locusts  {Zo- 
noeerus  variegatus)  during  the  latter  part  of 
the  dry  season.  Severe  dam^e  by  green  aphids 
(AphU  fabae)  may  occur  from  Jnnunr\-Apnl 
causing  young  shoots  to  curl  and  in  e.xtreme 
cases  death  of  whole  plants.  Mealy  bugs  suck 
the  leaves.  They  are  particularly  noxious  on 


topped  twigs  with  emerging  new  shoots. 

Harvesting  Worowo  is  harvested  through- 
out the  year  except  during  flowering.  When 
propeily  m.iniiged.  a  stand  of  worowo  can  be 
harvested  several  times  for  two  years,  unless 
whole  plants  are  harvested  by  uprooting.  Har- 
vest iny  is  dnne  l>y  m;imi;tll>  ciittioi;  the  succu- 
lent parts  of  twigs.  The  first  harvest  may  take 
place  about  2  months  after  planting. 

Yield  The  leaf  yield  of  worowo  in  cultivat  ion 
is  about  7  kg/m-  nt  tlie  first  harvest  nnd  10 
kg/m^  per  year.  Yields  may  be  larger  m  the 
subsequent  year  if  rainfall  or  irrigation  is  sta- 

ind  flowering'  prevented 
Handling  after  harvest  Harvested  leaves 
and  tender  shoots  are  tied  into  bunches  for 

marketing  and  are  sold  fresh.  They  remain 
fresh  for  3  days  if  kept  in  humid  conditions.  In 
south-western  Nigeria  farmers  sometimes 
spread  the  harvested  leaves  in  open  baskets  at 

.-iboiit  8.0(1  ]).m  .  exposing  them  to  the  cool 
night  temperatures  to  keep  the  produce  fresh 
before  bringing  it  to  the  market. 

Genetic  resonroes  There  is  an  urgent  need 
to  cnllect  and  preser\'e  the  genetic  diversity  of 
worowo.  In  Nigeria  wild  stands  have  been 
decimated  and  the  species  is  becoming  endan- 
g(  i-ci  l  <jiie  to  massive  exploitation  without  re- 
placement. 

Prospect*  There  is  ample  scoiie  for  improv- 
ing t  he  cultivation  of  this  crop  in  Africa.  It  has 
long  been  neglecter!  l»y  rosonrrh  and  no  breed- 
ing or  selection  programmes  of  worowo  are 
known.  Once  good  husbandry  methods  and 
inipnived  cultivars  have  been  developed,  more 
farmers  will  be  able  to  incorporate  the  cultiva- 
tion of  this  crop  into  their  cropping  systems. 

Major  references  .\(lams,  CD.,  10()3;  .\de- 
booyo.  O.C.,  V.m'y  .Vdehooytv  O.C  2000;  Ade- 
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perSk  RR.,  2000;  Stevels,  J.M.C.,  1990;  van 
Epenhuijsen,  CW.,  1074:  Zollo,  P.H.A.,  Kuiatd, 
d.R.,  Menut,  C  &  Bessiere,  J.M.,  2000. 
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Sources  of  illustratiou  Stevels,  J.M.C, 
1990;  van  Epenhuijsen.  C.W.,  1974. 
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SOLANUM  AETHIOPICUM  L. 

Protologue  Cent.  pi.  II:  10  (1756). 

Family  SohinaeeM' 

Chromosome  uiuubcr  2ft  =  24 

Synonyms  Solanum  ^lo  Raddi  (1820),  Sola. 
num  ineamini  mict.  non  L. 

Vernacular  names  African  eggplant,  gar- 
den egg,  scarlet  eggplant,  bitter  tomato  (En). 
Auberginc>  africaino,  aubergine  ecarlate,  to- 
mnto  amorr,  djaknttou  (Fr)  Jiln  jngatu  tunga 
(Po).  Ngogwe,  nj'anya  chungu  (Sw). 

Origin  and  geographic  cUitrihution  Sola- 
itiiiii  aeihiopicinn  wan  domesticated  from  the 
wild  Sokuium  atigju,ivi  Lam.,  via  the  semi- 
domesticated  Satamim  distiehum  Sdiumach.  & 
Tbonn.  Both  are  found  throughout  tropical 
Af'nciL  Solaituiii  aiigiiiii  in  disturbed  vegeta- 
tion and  Sulunum  dislicliuin  m  gardens.  So- 
lanum aethiopieum  is  grown  throughout  tropi- 
ml  Africn  and  Smith  America  (mainly  Brazil), 
and  occasional!}'  elsewhere,  e.g.  in  southern- 
most France  and  Italy.  It  is  one  of  the  leading 
vegetables  in  tropical  Africa.  In  the  humid  zone 
of  West  AiVic  M  it  is  mainly  grown  for  its  imma- 
ture iruit  (garden  egg),  m  the  savanna  area 
frequently  for  both  its  leaves  and  immature 

fruits  foflen  fall(>d  djaknttou)  and  in  RasI 
Africa,  especially  Uganda,  mainly  as  a  leaf 
vegetable  (called  'nakati*). 

Uses  The  immature  fruits  of  Solanum 
aethiopieum  are  used  as  cooked  M  t^rt  aides  in 
stews,  and  sometimes  eaten  raw.  i'he  leaves 
and  shoots  are  used  as  a  cooked  vegetable. 
They  are  picked  from  the  same  plants  that 
provide  the  fruit  vegetable  or  from  special  lealy 
cultivars.  Fruits  of  bitter  cultivars  are  used  as 
medicine  in  many  African  countries.  Medicinal 
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applications  include  the  use  of  roots  and  fruits 
as  a  carminative  and  sedative,  and  to  treat 
colic  and  high  blood  pressure;  leaf  juice  as  a 
sedative  to  treat  uterine  complaints:  an  alco- 
holic extract  of  leaves  as  a  sedative,  anti- 
emetic and  to  treat  tetanus  after  abortion;  and 
crushed  and  macerated  fruits  as  an  oiema. 
Igbo  people  in  south-eastern  Nigeria  tradition- 
ally welcome  visitors  into  the  family  house  by 
o&ring  fruits.  Solatium  aeihiopiciiin  is  some- 
times cultivated  ns  nn  ornament nl.  Some  culti- 
vars (Aculeatum  Group)  are  occasionally  used 
as  a  rootstock  for  tomato  and  eggplant. 

Production  and  international  trade  African 
eggplant  is  one  of  the  most  commonly  con- 
sumed fruit  vegetables  in  tropical  Africa,  in 
quantity  and  value  probably  the  third,  after 
tomato  and  onion,  and  before  okra.  Reliable 
statistics  fur  sub-Saharan  Africa  are  nut  avail- 
able. A  rough  estimate  for  a  few  countries  indi- 
cates an  annual  fruit  production  of  HOOO  t  in 
Senegal,  60,OUO  t  in  Cote  dlvoire  and  4500  t  in 
Burkina  Faso.  Commercial  production  to  sup- 
ply cities  is  increasing,  as  is  export  to  Europe, 
e  g  I'rom  Uganda.  Tote  d  Ivoire  and  Senegal. 
Small-scale  growers  account  for  at  least  80%  of 
the  total  production.  Leaves  of  Solanum 
aclhinjyinini  are  esi>ecially  important  in  south- 
eastern Xitjena  Cameroon  and  Uganda.  It  is 
the  most  popui.ir  lealy  vegetable  of  the  maiket 
in  Kampala.  Bitter  Solanum  (Kthiopicum 
fruits  called  jilo',  arc  important  as  a  market 
vegetable  in  tropical  Brazil,  where  at  least 
7000  ha  are  cultivated. 

Properties  Sohtninii  arfln'opirii  in  fruits 
contain  per  lOU  g  edible  portion:  water  90.0  g, 
energy  136  kJ  (32  kcal),  protein  l.S  g,  fiat  0.1  g, 
carbohydrate  7.2  g,  fibre  2.0  g,  Ca  28  mg.  P  47 
mg,  Fe  1.5  mg,  p-carotcno  O  .'^.t  mg  thiamin 
0.07  mg,  riboflavin  0.06  mg,  niacin  0.8  mg, 
ascorbic  acid  8  mg.  The  compositicni  is  compa- 
rable with  that  of  eggplant.  The  romposition  of 
fr^esh  leaves  per  100  g  edible  portion  is  given 
as:  water  82.1  g,  energy  215  kJ  (51  kcal),  pro- 
tein 1.8  g.  fat  0.3  g.  carbohydrate  10.3  g,  fibre 
2  !  g.  ("a  .'".2;^  mg  P  It  1  mg.  Fe  6.0  mg.  (5- 
curotene  G.4U  mg,  thiamin  0.23  mg,  riboflavin 
0.44  mg,  niacin  1.8  mg,  ascorbic  add  67  mg 
(Ueung  W.-T.W  Russon,  F.  &  Jardin  T., 
1968).  This  composition  is  within  the  range  of 
other  dark-green  \eafy  vegetables. 
Betulin  and  sterolin  (sitosterol  glucoside)  have 
boon  isolated  from  the  fruits  and  several  ses- 
quiterpenoids  from  the  roots.  Among  these 
compounds  are  lubimin  and  epilubimin,  which 
have  antifungal  activity.  The  leaves  contain 
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oxflloto  and  aUvaloids,  e.g.  solasodine.  which 
has  glycocorticoid  effects.  Their  concentration 
is  reduced  by  cooking.  The  characteristic  bitter 
taste  has  been  attributed  to  furostanol  gly- 
cosides. 

Adulterationa  and  anbatitatea  In  dishes 

African  i  tiKplant  fruits  can  be  replaced  by  egg- 
plant {Solamiin  melongena  L.).  The  leaves  can 
be  replaced  by  other  Sotanum  leafy  vegetables, 
mainly  Soldiiiini  amerkaniiin  Mill.,  SoUxKUm 
srahniiii  Xfill.  nnd  Sioliiniiin  rillosiiin  Mill. 

Description  Shrub  to  perennial  or  annual 
heib,  up  to  200  cm  tall,  often  much-branched; 
root  systi'iii  extending  both  vertically  and  lat- 
erally; branches  and  leaves  with  or  without 
prickles  and  steUate  hairs.  Leaves  alternate, 
simple,  stipules  absent;  petiole  up  to  11  cm  long; 
blade  broadly  ovate.  ((3-)  12-30  em  >'  (  l-)7-21 
cm,  obtuse  or  cordate  at  base,  acute  lu  obtuse  al 
apex,  sUe^tly  to  deeply  lobed  at  margin,  pin- 

nately  veined"  upper  leaves  smrillor,  nnmnver 
less  lobed  and  often  subopposite.  Inflorescence 
a  lateral,   racemose  cyme,   up  to  5(-12)- 
flowered;  peduncle  often  short  or  even  absent, 
rachis  short  to  long.  Flowers  bisexual,  regular. 


Solrmtiin  nelhwpictun  1.  floueriug  branrh;  2 
flower;  3,  different  fniil  types;  J,  fniit  in  cross 
section;  6,  seed. 

Redrawn  and  adapted  by  M.M.  Spittder 


(4-)5-8(-10)-merous;  pedicel  (2-)  l-12(-15)  mm 
long,  up  to  27  mm  long  in  fruit;  calyx  campanu- 
late,  lobes  4-10  mm  long;  corolla  stellate,  6—15 

mm  long,  white,  sometimes  pale  purple:  -ifa- 
mens  inserted  near  the  base  of  the  corolla  tube 
and  alternate  with  corolla  lobes,  filaments 
short  and  thick,  anthers  connivent  yellow, 
openmg  by  terminal  pores;  ovary  superior,  2—6- 
celled,  style  as  long  as  or  slightly  longer  than 
stamens,  stigma  small,  olitusc.  l-^-uii  a  u'lulose 
to  depressed  globo.se  ellipsoi<l  ovoid  or  fusi- 
form beriy  1-G  cm  long,  smooth  to  gi-ooved,  red 
or  orange,  usually  many-seeded.  Seeds  lenticu- 
lar to  reniform.  flattened.  2-o  mm  in  diameter, 
pale  brown  or  yellow.  Seedling  with  epigeal 
germination;  cotyledons  thin,  leafy. 

Other  botanical  inibrmation  The  genus 
Sulaniim  comprises  over  1000  species  and  is 
almost  cosmopoliian,  with  at  least  lOU  indige- 
nous African  species.  Solanum  odkiopimm 

helfinps  to  sul)<:(niis  J.eplnsti'iiioiiiiin  section 
OligcuUhes,  which  comprises  about  45  species. 
Four  cultivar-groups  are  recognized  witiiin 
Sokamm  uelltiopicum,  three  of  which  are  im- 
portant for  Africa: 

-  dilu  Group.  Mature  leaves  covered  with  stel- 
late hairs,  generally  not  pridcly;  fruit  sub- 

fjlrihose  to  ellipsoid  2.5—12  cm  long.  The 
fruits  are  consumed.  This  is  the  most  impor- 
tant eultivar-group,  which  includes  cultivars 
with  smooth  fruits  that  are  popular  in  West 
and  East  Africa,  and  cnltivars  with  more  or 
less  strongly  nbbed  fruits.  Depending  on  the 
location,  preference  is  given  to  cultivars  with 
pure  white,  creamy  white,  pale  green,  dark 
green,  brown  or  purple  fruits,  or  cultivars 
with  fiuits  striped  in  two  or  more  colours. 
Cultivars  of  <  ;ilo  (  Jroup  are  grown  through- 
out trnpiral  Africa  in  the  more  humid  areas. 

-  Kumba  (.iroup.  Mature  leaves  glabrous  apart 
from  minute  glandular  hairs,  not  prv^y; 

fniif  depressed  globose,  deeply  fun-owed 
frequently  multilocular,  5-10(-15)  cm  broad. 
The  fruits  are  consumed,  aa  well  aa  oocasi<m- 
ally  th<  leaves.  Locally  the  same  plants  are 
used  fui-  fruits  and  leaves,  whereas  other  cul- 
tivars are  only  used  as  a  leafy  vegetable. 
Cultivars  of  Kumba  Group  are  mainly  found 
in  hot  semi-arid  regions  of  the  Sahel.  They 
are  fi'equentlj-  referred  to  as  'djakattou', 
'<^aMiattou'  or  'jakhatou'  in  francophone 
countries,  but  these  names  can  also  refer  to 
cultivars  of  (lilo  (Iroup. 

-  Shum  Group.  Mature  leaves  glabrous  apart 
from  minute  glandular  hairs,  not  prickly; 
fruit  aubgloboee,  1-3  cm  in  diameter.  It  is 
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mainly  a  Icnfy  vegetable,  and  occasionally 
the  ripe  fruits  are  also  consumed.  It  is  most 
wideqiread  in  Central  Africa,  popular  in 
Camoroon  and  Nigeria  and  still  more  so  in 
Uganda  where  it  is  called  nakati  .  It  is 
mainly  found  in  warm,  high-rainfoU  areas  or 
under  irrigation. 
—  Aculeatum  Group.  Stems  and  leaves  prickly, 
mature  leaves  covered  with  stellate  hairs; 
fruit  subglobose,  furrowed,  ',^-8  cm  in  diame- 
ter. If  is  not  oaten   mainly  cultivntod  as  an 
ornamental  or  as  rootslock  for  tomato  or 
eggplant,  but  not  cultivated  in  Afirica. 
Intermediate  forms  between  the  three  African 
cultivar-groups  or  between  Sokuium  aethio- 
pieum  and  ita  wild  ancestor  Solanum  taigtiim 
occur.  Forms  that  do  not  fit  in  an\  of  tlie  culti- 
var-groups  occur  in  humid  regions  of  south- 
western Congo  and  northern  Angola.  These  are 
shrublike  with  sweet  firuits  having  the  size  of 

Cilo  Croup  but  hollow  inside;  their  leaves  are 
eaten.  Further  investigations  are  needed  into 
these  cultivars. 

Plants  of  these  four  <  uhn  ar-groups  can  be 
crossed  mutually  as  well  as  with  Soluiiiiiii  an- 
guii  i  and  Suluiuiiii  disticlinin  to  produce  fully 
fertile  hsrbrids,  and  therefore  might  be  oonsid- 

(•reil  as  a  single  hinlogical  sjierir'S  The  non- 
prickly  semi-dumesticated  Solaiiuiii  disLicliuin 
may  well  be  treated  as  a  cultivar-group  of  the 
prickly  wild  pnit:<  nitor  Solanum  angjtivi. 

Growth  and  development  Cermination  is 
epigeal,  after  which  the  cotyledons  expand  and 
the  first  true  leaves  form  a  rosette.  New  leaves 
rapidly  increase  in  size  and  flowering  starts 
(40-)70-1UU  days  after  suwmg.  As  the  first 
flowers  are  initiated,  branching  and  subae- 
qUCTt  production  of  smaller  h  n  >  s  <Kx;urs>  Most 
cultivars  of  Kumbn  Croup  in  \  hot  savanna 
areas  have  a  shorter  growth  cycle  and  flower 
earlier.  Unlike  Sokatum  m^tmgena,  all  flowers 
are  functionally  bisexual  and  ran  sot  fruit 
They  are  bee-pollinated,  mainly  by  the  genera 
Exomalopsis  and  Apia.  Growth  and  flowering 
may  ocmtinue  indefinitely,  but  are  suppressed 
once  sufficient  fruits  have  set  The  small  fruits 
of  Shum  Group  ripen  rapidly,  turning  red;  they 
are  eaten  by  birds,  whidi  disperse  the  seeds. 
The  much  larger  fruits  of  Cilo  Croup  and 
Kumba  Group  ripen  more  slowly  and  stay  firm 
even  when  red  or  yellow,  and  can  be  stored  for 
weeks  or  even  months.  In  the  dr>'  season, 
plants  may  become  dormant  and  appear  to  be 
dead,  but  can  revive  in  the  ne.xt  rainy  season, 
altibough  they  are  then  not  very  productive. 

Ecology  Solanum  a^iopieum  Gilo  Group 


thrives  in  full  sun  in  woodland  savanna  on 
fairly  deep  and  well-drained  soils  with  pH  5.5— 
6  S  .md  m  temperatures  of  2r)-3.5°C  during  the 
day  and  20-27**"'  at  night,  Kuniba  Croup  grows 
in  hotter  conditions  (up  to  15°C  day  tempera- 
ture) with  air  humidity  sometimes  as  low  as 
20%.  especially  if  irrigated.  Shum  Cnaip 
thrives  under  warm,  humid  conditions.  It  will 
drop  its  leaves  when  it  gets  dry.  In  Uganda  it  is 
gi  ow  n  in  swamps  during  the  diy  seascHi.  None 
of  these  cult ivar-groups  sunnve  cold  or  very 
wet  conditions.  Waterlogging  is  not  tolerated. 
Some  tolerance  of  irrigation-induced  salinity  is 
reported  from  Senegal, 

Propagation  and  planting  Seeds  should 
he  taken  from  fiilly  ripe  fruits,  washed,  and 
then  dried  on  doth  or  paper.  They  should  not 
be  exposed  to  direct  sunlight.  Seeds  stored  dry 
and  cool  are  viable  for  years.  Seeds  also  store 
well  inside  air-dried  fruits,  which  is  the  tradi- 

tional  form  of  seed  storage  by  f.irmers.  The 
1000-seed  weight  is  2-4  g.  Gernunation  takes 
5-9  days  for  Gilo  Group  and  Shum  Group,  but 
only  3-6  days  for  Kumba  Group,  althou^  the 
latter  may  show  seed  dormancy  and  tends  to 
have  few  seeds  per  fruit.  Seeds  are  sown  in 
santfy  soil  in  nurseiy  beds  or  boxes.  Seedlings 
are  transplanted  to  the  field  after  .'i0-,'i5  days 
when  ihey  have  5-7  leaves  and  are  16-20  cm 
tall.  Plants  of  Kumba  Group  grown  in  6xy  sa- 
vanna regions  are  often  spaced  at  1  m  X  1  m, 
whereas  those  of  'lilo  i  Jrnup  can  be  spaced  at 
50-100  cm  m  the  row  and  75-100  cm  between 
rows,  depending  on  the  cultivar.  They  can  be 
grown  either  on  flat  land  or  on  ridges.  The  cul- 
tivation of  Shum  Group  is  rather  different. 
Cultivars  of  the  latter  cultivar-group  are  grown 
for  their  young  shoots,  which  are  &«qu^tly 
hane.sted,  and  the  crop  can  thus  be  spaced  at 
20-30  cm  m  the  row  and  60-75  cm  between 
rows.  An  alternative  is  to  broadcast  seeds  of 
Shum  Croup,  wherofiy  thinned  ]ilr)nt<  are  used 
as  the  first  harvest.  Seed  is  sometimes  broad- 
cast together  with  amarantiis  (Amaranthia 
spp.)  and  spider  plant  (jCleome  gyumidra  L  ), 
where  the  latter  two  crops  are  harvestetl  early 
by  uprooting  and  the  plants  of  Solanum 
aethiopieum  £3ium  Group  remain. 

Management  ^^anuaI  preparation  of  the 
soil  and  hand  weeding  are  sufficient,  but  laige- 
scale  production  in  Senegal  necessitates 
mechanized  soil  preparation  Plants  do  not 
need  stoking  If  possible,  NPK  1 5- 1  .'i- 1  .t  or  10- 
10-20  fertilizer  may  be  applied  at  150  kg/ha  10 
days  after  tran^lanting  and  at  50  kg/ha  at 
first  flowering,  and  then  at  monthly  intervals. 
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Soluble  fertilizers  may  be  fed  by  drip  irriga- 
tion. Farm  or  poultr\'  manure  can  be  applied  at 
a  rate  of  10-20  t/ha.  Plants  grown  as  leaf  vege- 
tables (Ivuraba  and  Shum  (unups)  n-fjuirc  ex- 
tra nili-ogen  to  be  applied  as  top  dressmg  at  a 
rate  of  50  kg/ha  NPK  15-15-15  every  two 
weeks.  In  the  iliy  season  the  ri'op  needs  about 
6  mm  water  per  day;  irrigation  twice  per  week 
is  appropriate.  Plants  of  Shum  Group  espe- 
cially meed  a  regular  water  supply.  The  grow- 
ing snason  of  (Jilo  (Jroup  and  Kumbn  ( Jroup  is 
extended  when  irrigation  is  applied  duruig  diy 
spells  and  towards  the  end  of  the  rainy  season. 
In  addition,  the  fruit  (juality  ran  lie  niueh  im- 
proved by  mamtaining  adequate  soil  moisture. 

Dtseases  and  pests  Sotanum  euthiopieuin 
is  susceptible  to  several  diseases  and  pest,  al- 
though mueh  less  than  eggplant.  The  most 
serious  suil-borne  diseases  are  wilt  caused  by 
Ralstonia  sokmaeeamm,  collar  rot  and  wilting 

mused  by  Srlrrntiii in  rolf.sii  nnd  \'rrticilliuni 
dnhlinc,  and  root-ltnot  nematodes  (Meloidcigyne 
spp.).  These  soil-borne  diseases  and  pests  can 
be  controlled  by  crop  rotation,  e.g.  with  cereals 
or  other  slanh  erops  or  with  amaranth, 
groundnut  or  onion,  adequate  dramage  and  u 
good  soil  structure.  Root-knot  nematodes  are 

part ifulnrly  problematic  in  areas  where  \  ('f:e- 
tables  are  grown  year- 1' nnd  and  unless  crop 
rotation  is  taken  seriousi,\  ,  i  roduction  of  Afri- 
can eggplant  fruits,  tomatoes  and  capsicums 
may  not  be  oronomir  A  serious  disenso,  e.g.  in 
Cote  d'lvoire,  is  Slempliyliutn  floridamim;  it 
causes  small  brown  angular  leaf  spots  causing 
a  devastating  defoliation  In  Tanzania  the 
chilli  veinal  mosaic  virus  (ChiVMV)  spread  by 
the  green  peach  aphid  {Myzua  persicae)  caused 
considerable  damage.  Spider  mites  (Hemitar' 
snnenms  and  Tpfranyrhiis)  nro  a  serious  prob- 
lem in  drier  regions;  acaricide  sprays  can  con- 
trol them.  Other  serious  pests  indude  grass- 
hoppers (Znnorenix  sp.),  fruit  and  flower  borers 
(Leucinodes  and  Scrobipalpa),  leaf  hopper 
(Jaeobiaaea  lybiea)  and  caterpillars  (Selepa 
doeilia).  In  Uganda  the  leaves  of  Shum  Group 
are  sometimes  eaten  by  monkeys 

Harvesting  The  fruits  are  collected  when 
full  sized  but  still  immature;  some  sweet  culti- 
vars  are  harvested  when  the  fmit  rolour 
changes  to  orange  but  at  the  stage  when  seeds 
are  still  immature  and  soft.  The  fruits  are 
picked  once  per  week.  It  ia  important  to  con- 
tinue hanesting  fruits  even  when  the  market 
is  slack.  Fruits  that  are  left  on  the  plant  will 
change  colour  from  pure  white  to  creamy  white 
or  pale  yellow,  fill  with  seeds,  and  become  less 


palatable.  They  will  also  hamper  the  develop- 
ment of  new  fruits.  Leaves  of  Kumba  Group 
are  picked  from  young  plants  before  flowering. 
Shoots  with  several  leaves  and  flower  buds  of 
Shum  (ji-oup  are  picked  repeatedly  throughout 
the  wet  season.  Ratoon  cropping  whereby  the 
main  shoots  are  harvested  and  allowing  new 
shoots  to  develop  is  practised  frequently  for 
Shum  Group  and  less  often  for  Kumba  Group. 
Ill  is  process  can  b(>  rep(>ai(Ml  up  to  six  times,  as 
long  as  there  is  ade(]u.-ite  irrigation  and  a  top 
dressing  with  nitrogen  is  applied.  Alterna- 
tively, Shum  Group  plants  are  uprooted  when 
they  are  40  no  cm  tall  when  the  first  flowers 
tend  to  open.  They  are  marketed  as  young 
plants  with  their  roots  attached.  Irrigated 
i  i  i!)i>  may  be  harvested  year-round. 

Yield  The  preferred  weight  for  fruits  of  Gilo 
Group  and  Kumba  Group  is  30—40  g.  One  plant 
may  produce  from  500  g  to  about  8  kg  of  fruits, 
depending  nn  iItc  cnlfivnr  and  growing  coTidi- 
tions.  Without  irrigation,  yields  are  5-8  t/ha, 
and  with  irrigation  12-20  tTha.  Improved  culti- 
vars  grown  under  favourable  conditions  may 
yield  .""id-Si)  I  'ha  Imjuoved  cultivars  of 'jilo'  in 
Brazil  ^  leld  20-30  t  of  marketable  fruits.  Fruits 
of  Kumba  Group  have  mean  weights  of  70-120 

g,  sonie(im<'s  <'\-en  ii\-rr  20f1  yield  is  1(1—20 
t/ha.  Under  guud  management,  farmers  gruwmg 
cultivars  of  Shum  Group  can  get  u{)  to  76  leaf 
bundles  of  30  kg  each  per  100  m-.  This  means 
that  the  crop  has  a  yield  potential  of  22^  t/lia. 
The  average  leaf  yield  during  the  diy  season  for 
a  onoe-ov^  harvest,  however,  is  only  30  tAa. 

Handling  after  harvest  Fruits  free  of  rot 
or  damage  can  be  transported  long  distances, 
and  stored  for  several  days  or  even  weeks  un- 
der well-ventilated  mnditions.  Provided  that 
fruits  are  of  good  (juality  standardi7ation  is 
not  necessarj';  market  women  often  mix  differ- 
ent batches  of  fruits  to  make  an  attractive  dis- 
play. During  periods  of  shortage  the  market 
pays  higher  prices  for  small  fruits  because 
there  are  more  of  them  per  unit  of  weight 
whereas  during  periods  of  oversupply.  larger 
fruits  are  appreci.-ited  .Mi.vtures  ()f  small  and 
large  fruits  are  common,  but  not  mi.vtures  of 
fruits  with  different  colour.  However,  fruits  for 

export  are  sorted  and  graded  after  rolleetion 
from  local  markets,  and  then  stored  in  cold 
rooms.  Fruits  and  leaves  are  not  normally 
processed  or  preserved  for  long  periods.  Fresh 
leaves  are  taken  immediately  (o  the  market. 
The  roots  of  uprooted  young  plants  of  Shum 
Group  are  washed  and  left  on  the  plant,  which 
helps  to  hsep  the  crop  fresh  at  the  madcet 
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when  left  standing  in  water.  Shoots  should 
preferably  be  harvested  early  in  the  morning  or 
late  in  the  afternoon.  The  product  should  be 
dry  during  Irnnsport  and  be  dipped  in  cold  wa- 
ter on  arrival  at  the  market  to  reabsorb  enough 
moisture  to  retain  its  fresh  appearance.  The 
leaves  can  be  sun  di  n  d  and  ground  into  pow- 
der for  use  in  soups  durmg  the  oEt-season.  Ripe 
fruits  of  Shum  Group  are  collected  and  dried  in 
a  similar  way  (o  those  of  Solaiuim  aiiguiii. 
Fruits  arc  (hu'd  and  ground  info  powdor  for 
use  as  a  medicme  against  high  blood  pressure. 

Oenetie  resources  A  wealth  of  genetic  di- 
versity is  maintained  liy  small-scale  farmers 
throughout  Africa,  little  work  has  yet  been 
done  on  the  characterization  ttf  the  g«ietie 
resources  of  Solanum  aethiopieum  and  allied 
species,  however,  in  [larticular  with  respect  to 
disease  and  pest  resistance.  The  large-scale 
commercialization  of  a  few  cultivars,  such  as 
'SodefoV  C'tilo  firoiip)  in  Coto  d'Tvoiro  and 
'Soma'  (Kumba  Group)  in  Senegal,  often  in 
monoculture,  has  led  to  the  disappearance  of 
some  local  cultivars  but  many  local  landraces 
can  still  be  found  throutihout  the  African  con- 
tinent. Variation  in  Kumba  Group  is  less  than 
in  Gilo  Group,  possibly  due  to  less  cross- 

pollinntion  in  the  former.  Extcnsixc  coll<^ctinns 
of  genetic  resources  were  made  under  the  aegis 
of  International  Plant  Genetic  Resources  Insti- 
tute (IPGRI)  from  1981-1986.  In  2001  efforts 
were  started  to  roccnerate  and  evnln.aic  the 
collections  as  part  of  the  EGGNET  project,  an 
international  project  for  management  of  the 
t;encti<-  resources  of  eggplant.  A  rich  germ- 
plasm  cuiiection  is  held  at  INRA  in  Montfavet, 
France.  A  collection  is  kept  at  AVRDC  in 
.Arusha,  Tanzania,  and  plant  breeders  in 
(Jhana  fote  d'lvnirc  Xiperia.  Srnrgal  and 
elsewhere  m  Africa  also  maintain  some  acces- 
sions. 

Breeding  .Mtboiigh  smnll-scnlo  farmers 
have  selected  many  diverse  cultivars  of  So- 
lanum aethiopieum  and  germplasm  collections 
exist,  little  breeding  has  been  undertaken.  Se- 
lection criteria  are  consumers'  preference  for 
fruit  size,  form,  colour  and  taste  (sweet  or  bit- 
ter), skin  toughness,  shelf  life,  as  well  as  yield 
potential,  disra.se  resistance  earlinoss  and 
duration  of  harvest  season,  plant  architecture 
and  fruit  location,  and  for  Shum  Group  ease  of 
leaf  harvest.  In  .Senegal,  mite-resistant  veiy 
hair\'  cultivars  of  Kumba  Group  have  been 
bred.  Resistance  to  nematodes  and  insects, 
such  as  flower  borers,  is  urgently  needed.  Tol- 
erance or  resistance  to  various  pests  and  dis- 


eases is  being  sought  amongst  wild  relatives  of 
Solamim  aethiopieum,  and  more  especially 
Solanum  melon geiia,  and  crosses  between 
these  two  and  other  species  have  produced 
many  hybrids,  some  of  which  are  fertile.  In 
Brazil,  crosses  of  local  cultivars  of  Gilo  Group 
w  ith  f^oluinnit  uielongena  were  more  successful 
when  the  latter  was  used  as  female  parent;  the 
Fi  was  self-sterile  but  could  be  backcrossed 
with  plants  of  Gilo  Group.  For  breeding  pur- 
poses flowers  must  be  bagged  to  prevent  rross- 
pollination,  and  must  be  emasculated  to  pre- 
vent self'^ollination.  Molecular  markers  have 
revealed  relatively  little  diversity  within  So- 
Icaium  tttthiopirii III  or  its  immediate  progeni- 
tors, although  morphological  diversity  and  its 
inheritance  have  been  studied  intensively; 
wild-type  characters  such  as  prickles  hairs 
and  long  racemose  cymes  are  often  dominant. 
The  Crops  Researdi  Institute  in  Ghana,  jointly 

with  the  Natural  Resources  Institute  (Ignited 
Kingdom),  selected  Dwomo ,  the  fruits  of  which 
have  the  shape  and  size  of  an  egg.  'Dwomo'  was 
crossed  with  Solanum  emguivi  and  some  prom- 
ising high-yielding  cultivars  were  selected. 
Technisem  Seed  Company  in  Senegal  commer- 
cializes improved  African  eggplant  cultivars. 
Three  pojuilar  cultivars  of  Kumba  Groiii)  are 
'Ndrowa  (flat  ribbed  green-yellow  fruits  of  70— 
80  g,  diameter  6  cm,  with  a  mild  taste,  plant 
height  ()0-l()0  cm.  harvestabli  '  70  days 
after  planting  during  '.i—4  months,  yu  lil  finten- 
tial  25  t/ha,  resistant  to  mites),  'Ngalam  (Hat 
strongly  ribbed  pale  green  to  white  fruits  of 
120-180  g.  diameter  7  cm.  slightly  bitter  taste, 
plant  height  6U  cm,  harvestable  uU-GU  days 
after  planting  during  6  weeks,  yield  potential 
10  fruits  per  plant,  resistant  to  mites),  and 
flaxatu  Soxna"  (flat  ribbed  pale  green  to  white 
fruits  of  10-50  g,  diameter  5-6  cm,  bitter  taste, 
plant  height  60  em,  harvestable  40-60  days 
after  planting  during  H  weeks,  yield  20-25 
fruits  per  plant  or  30  t/ha,  or  used  as  leafy 
vegetable,  resistant  to  mites,  drought,  high 
rainfall  and  high  temperatures).  In  Japan  li- 
zuka"  of  .\culeatLim  Group  was  select eil  as  a 
rootstock  for  tomato  and  eggplant  in  protected 
cultivation  because  of  its  resistance  to  wilt. 

Prospects  All  three  cxiltivar-groups  Giln, 
Kumba  and  Shum  are  important  vegetables  m 
trc^ical  Africa.  As  the  fruits  can  be  easily 
stored  and  transported,  they  are  increasingly 
important  products  for  the  urban  markets. 
Hitherto,  Solanum  aelhiopicum  has  been 
rather  neglected  in  research  and  breeding, 
except  in  breeding  programmes  for  SoUmum 
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melongena.  With  moro  attention  to  breeding, 
agronomy  and  crop  protection  (IPM-research) 
in  a  cooperative  effort  by  the  public  and  private 
sector,  its  potential  as  a  market  vegetable  ean 
be  further  developed.  Cultivars  are  needed  for 
different  ecological  areas  and  consumer  prefer- 
ences in  taste  and  degree  of  bitterness,  and 
with  resistances,  e.g.  to  StemphyliiiiH.  The 
popularity  of  improved  cultivars  has  led  to  in- 
creased risk  of  genetic  erosion  in  the  local  cul- 
tivars, ninking  the  need  for  germplasm  collec- 
tions more  urgent. 
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SOLANUM  AMERICANUM  Mill. 

Protologne  Gard.  diet.  ed.  8:  Solanum  No  6 

(17G8). 
Family  Solanaceae 
Chromosome  number  2n  =  24 
Synonyma  Sokmum  nodiflorum  Jacq.  (1789), 

Solrnttiw  uicinnn  anct.  non  L. 

Vernacular  names  Glossy  nightshade  (Kn). 
Morelle  noire  (Fr).  Ebnra  moura,  maria  pret- 
inha,  pimanta  de  galinha,  erva  de  bicho  (Po). 


Mnavu  mchungu  (S\v). 

Origin  and  geographic  distribution  Sola- 
wum  niiiriiritmivi  is  widespread,  found 
througliuul  the  1ii>]iirs  fiiirl  sul)trupies.  often  in 
disturbed  localities,  its  closest  relatives  are 
found  in  South  America  and  this  mi^t  be  the 
origin.  IlDwmer.  the  original  range  cannot  be 
traced  from  the  earliest  collections  and  a  fe\\' 
authors  have  speculated  that  the  species  origi- 
nates from  s()uth(>rn  Europe  and  others  that  it 
originates  from  .\ustrnlia. 

Solamim  amencanuin  is  recorded  for  many 
countries  of  tropiral  Africa.  Unfortunately  the 
Swahili  name  ninavu"  and  other  local  names 
refier  to  various  species  of  the  section  Solaiium. 
In  Tanzania  it  is  called  'mnavu  mchungu' 
meaning  bitter  nightshade,  but  Solanum 
americaiui lit  is  "flfti  only  slightly  hitter.  It  is 
reported  as  a  culUvated  lealy  vegetable  from 
Sierra  Leone,  the  lowlands  of  Ethiopia,  Kenya, 
T'ganda  Tanzania  Seychellos  and  Mauritius. 
It  is  a  popular  wild  pot  herb  in  Cote  d'lvoire 
and  Cameroon,  and  in  eastern  Zimbabwe  and 
Mozambique  the  leaves  are  also  eaten  as  a 
veyetalikv 

Uses  The  shoots  and  younger  leaves  of  So- 
lanum amenamum  are  boiled  as  a  leafy  vege- 
table.  Depenflinp  on  the  bitterness,  the  rooking 
water  is  refreshed.  This  is  done  especially  for 
children.  Elderly  people  appreciate  a  higher 
degree  of  bitterness  and  will  therefore  leave 
the  flowers  and  young  fruits,  whereas  people 
who  object  to  the  bitter  taste  remove  them.  To 
further  reduce  the  bitterness,  the  leaves  are 
served  together  with  cnnked  amaranth,  either 
separately  or  as  a  mixture,  in  Uganda,  the 
leaves  are  steamed  and  the  juice  is  collected 
and  used  in  soups,  so  that  the  nutrients  are 
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fully  utilized. 

Several  oUier  uses  are  reported  for  Solanum 
aiiiencanum,  but  this  information  may  concern 
related  species.  It  is  believed  1h;i1  leaves 
cooked  with  milk,  groundnut  or  sesame 
(Segamum  uidieum  L.)  protect  children  firom 
dise;i-:es  associated  with  malnutrition.  In  Tan- 
zania the  juice  extracted  from  the  leaves  is 
used  to  relieve  chronic  conjunctivitis  and  re* 
lated  inflammations.  In  Cameroon  pounded 
leaves  are  used  to  treat  sores.  In  Sierra  Leone, 
people  with  heart  pains  use  the  leaves  raw.  In 
Nigeria  fruits  are  used  to  treat  worms  in 
chicken;  the  fauts  are  soaked  in  water  and  the 
mixture  is  given  to  chicken  to  drink.  In  Brazil 
the  leaves  are  used  to  treat  skin  problems.  In 
most  regions,  Solanum  ainericamtm  fruits  are 
considered  inedible  but  Kipsigis  children  in 
Kenya  eat  the  ripe  fruits  and  also  in  the  border 
region  between  south-eastern  Zimbabwe  and 
Mozambique  ih(-  .«weet  fruits  of  local  varieties 
are  much  appreciated. 

Production  and  inteimational  trade  Even 
though  Solcaium  amencanum  can  be  found  in 
many  countries,  its  ulUization  is  often  limited 
to  collection  from  the  wild  or  cultivation  m 
home  gardens.  Commercial  production  occurs 
OOcasimally  in  cihislnl  lowbinds  and  especially 
in  the  Indian  Ocean  islands.  Its  importancx;, 
compared  with  other  species  within  the  section 
Solanum  such  as  Solanuin  scahniin  Mill,  and 
Solaniint  rillnsiiin  Mill  is  limited.  No  reliable 
statistics  on  production  or  trade  are  available. 

Propertiea  The  composition  of  Solanum 
aiin'ricaiiii III  leaves  is  probably  comparable  to 
other  dark-green  leafy  vegetables.  The  cooking 
water  is  sometimes  replaced  to  reduce  the  bit- 
ter taste  of  some  varieties  and  especially  when 
leaves  are  collected  from  the  wild  The  bitter- 
ness is  associated  with  a  high  content  of  the 
glyooalkaloid  aolanine,  which  is  found  through- 
out  the  [ilrint  \\  ith  the  hitjhesf  concentration  in 
the  unripe  fruits,  in  the  leaves  the  concentra- 
tion increases  with  age.  Solanine  is  poisanous 
and  only  partially  soluble  in  water.  Eating  a 
large  amount  of  this  vefjet.'ilile  has  been  associ- 
ated with  diarrhoea  and  cardiac  arrest.  Other 
alkaloids  isolated  from  Solanum  americanum 
are  tiie  steroids  .';oln.«ndine  and  Hinspenin,  with 
the  hi^est  concentration  found  in  green  fruits. 

Adnlteraiions  and  nibstitutes  In  dishes 
^Solanum  am&icanum  can  be  replaced  by  other 
species  of  the  section  Snlattutn,  e,g.  Solanum 
acabnim  or  Solanum  viUosum. 

Deaer^tion  Annual  or  short-lived  p«!tennial 
herb,  erect  and  widely  spreading,  up  to  160  cm 


Solanum  anierieanum  -  1,  jluu  ering  branch;  2, 

infloreaeenee;  3,  fiuUing  branch. 

Red  rat  rn  and  adapted  by  Aehmad  Satiri  Nur- 

haman 

tall,  unarmed;  stem  rounded  or  narrowly 
winped,  sometimes  warty  glabrous  or  sparsely 
pubescent,  young  stem  sometimes  covered  with 
curved,  simple  hairs.  Leaves  arranged  spirally 
t<i  alnmst  Dpjiosite,  simple;  stipules  alisent; 
petiole  1-9  cm  long;  blade  ovate  to  lanceolate, 
up  to  14(-16)  cm  X  7(-12)  cm,  cuneate  to  trun- 
cate at  base  and  decurrent  along  the  petiole, 
acute  to  acuminate  at  apex,  entire  to  toothed, 
glabrous  or  sparsely  pubescent.  Inflorescence 
an  extra-axillary,  umbel-like  cyme,  3-10- 

flowered;  peduncle  0..'i-2  .t  cm  lone,  elonpnting 
up  to  4  cm  in  fruit.  Flowers  bisexual,  regular, 
5-merous;  pedicel  5-10  mm  long,  becoming 
nodding;  calyx  cup-shaped,  1.5-2  mm  in  diame- 
ter lubes  ovate  to  oblong,  reflexed  m  fruit:  cx)- 
rolla  deeply  stellate,  5—1)  mm  in  diameter, 
white  or  flushed  purple  with  basal  yellow- 
green  star,  lobes  ovate-oblong  c.  mm  Irmg; 
stamens  inserted  on  corolla  throat,  filaments 
0.5-2  mm  long,  with  hairs  on  inner  side,  an- 
thers Gonaiveat,  1.6-2  mm  long,  (^loilng  by 
terminal  pores;  ovar\'  .superior  globose,  c,  1 
mm  in  diameter,  style  2.5-4  mm  long,  hairy  in 
the  lower  part,  stigma  capitate,  pale  green. 
Fruit  a  globose  heaay  4--8(— 10)  mm  in  diameter, 
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from  green  tuming  to  glossy  puiplish  black  at 
maturity,  rarely  dark  green,  mnny-speded. 
Seeds  discoid.  l-l.o(-2)  mm  long  >  nny  col- 
oured, often  tinui'd  with  purple.  Seedling  with 
epigeal  germwation. 

Other  botanical  information  Solwuim  ante- 
n'caimni  belongs  to  the  subgenus  Solaituiit  and 
section  Solanuin,  formerly  known  as  section 
Maurella,  or  section  or  subsection  Mordia. 
Currently  about  30  species  are  included  in  this 
section  of  which  10-12  nrc  known  to  occur  in 
Africa.  Research  is  still  needed  to  better  under- 
stand the  species  within  section  Sokmiim  and 
their  diversity,  The  diversity  within  Solninnn 
americaiutm  is  considerable  and  a  thorough 
revision  of  this  species  may  weU  reveal  that 
several  taxa  are  involved,  especially  wh^ n  in- 
cluding niatt'rinl  from  other  continents.  In  Al- 
rica  the  name  Suluniun  nigruin  is  often  used 
for  almost  all  species  of  section  Soknutm  with 
blarkish  fruits  including  SoJainiin  nnicri- 
canuin.  The  confusion  is  aggravated  by  the  use 
of  vernacular  names  that  refer  to  several  spe- 
cies of  this  group.  Sokamm  ameriecauim  is 
often  confused  with  Solaiiiini  scnbriiin  but 
mure  robust  stems,  larger  rounded  leaves  and 
lai^r  fruits  distinguish  the  latter. 

Growth  and  development  .After  (mergence 
of  the  s€iedimg,  growth  is  fast.  Flowering  starts 
about  two  months  after  germination.  Solanum 
americcumm  is  normally  self-pollinating,  but 
cross-pollinntion  is  possible  liy  insects  nininly 
bees  and  syrphid  flies.  The  plant  contmues  to 
develop  new  flowers  for  several  months.  The 
fruits  drop  with  the  pedicel  when  fully  ripe. 
They  are  eaten  by  birds,  which  disperse  the 
seeds. 

Ecology  Solaiitiin  awericaniim  is  mainly 
found  at  low  altitudes,  often  in  coastal  areas  or 
near  great  lakes,  e.g.  Lalie  Victoria.  Records 
from  high  altitudes  may  require  further  verifi- 
cation.  It  occurs  mainly  in  humid  areas  on 
various  soil  tj^es,  in  weedj^  plant  communities 
in  the  open  or  in  lightly  shaded  localities  e.g. 
under  trees.  In  semi-arid  regions  it  is  mostly 
found  near  a  water  source  or  as  a  weed  in  irri- 
gated fields.  It  does  not  tolerate  drought. 

Propagation  and  planting  SoUmum  cmeri- 
rniiiiin  is  normally  propagated  by  seed  Th(^ 
1000-seed  weight  is  about  0.5  g.  The  Giriama 
people  in  Kenya,  however,  propagate  it  by  stem 
cuttings,  selecting  strong  stems  with  or  with- 
out leaves  at  the  top  for  a  new  planting.  Sub- 
sistence farmers  sow  seeds  in  pocket  s  of  up  to 
10  seeds  at  the  beginning  of  the  rainy  season, 
as  a  sole  crop  or  intercropped  with  other  crops. 


For  commercial  purposes,  seedlings  for  trans- 
planting are  produced  in  nurseries.  The  soil  is 
loosened  and  enriched  with  deconHiosed  ma- 
nure in  cnmbination  with  wood  ash.  The  seeds, 
in  most  cases  mi.\ed  with  sand  or  ash,  are  dis- 
persed evenly  over  the  soil  surface  or  sown  in 
mws  and  then  mulched  with  grasses  ti>  prevent 
moisture  loss  from  the  soil.  Transplanting  may 
take  place  when  the  seedlings  are  about  15  cm 
tall,  vvh(>reby  only  strong  plants  should  be  se- 
lected. The  recommended  spacing  in  pure 
stands  is  30  cm  x  30  cm,  which  could  be  re- 
duced to  20  cm  X  30  cm  during  the  dry  season. 
.Spacing  is  normally  widi  r  during  the  rainy 
season  to  allow  for  suf&cient  air  circulation, 
thus  avoiding  diseases.  The  spacing  also  de- 
pends on  the  size  of  the  harvested  shoots. 
WTien  harvesting  short  shoots  once  per  week, 
the  planting  density  should  be  closer,  while  for 
harvesting  lai^r  dioots  the  spacing  should  be 
wider.  In  mixed  plantings,  the  tracing  depends 
on  the  other  crops. 

Management  In  cultivation  Solamim  ameri- 
canuin  requires  a  feirly  large  amount  of  nutri- 
ents. Incorj:>orating  well-decomposed  farmyard 
manure  ur  compost  into  the  soil  prior  to  plant- 
mg  is  recommended.  When  this  is  not  avail- 
able, rompoimd  fertilizers,  for  example  NPK 
2U— lU— lU.  may  be  used.  Commercial  farmers 
may  ap])ly  nitrogen  fertilizers  as  top  dressings 
in  the  form  of  foliar  sprays.  Weeding  and  wa- 
tering during  dry  periods  are  applied  when 
needed. 

Diseases  and  pests  The  leaf  fungus  dodb- 

spuriuiti  vxyspoiiim  and  a  yellow  vein  virus  were 
observed  to  attack  Solatium  americtuium  in 
Nigeria.  The  species  has  been  reported  to  be 
resistant  to  bacterial  wilt  but  is  suwoptible  lo 
wilt  caused  by  VortiriUiinti  Hahliar.  RIack 
aphids,  millipedes  and  snails  have  been  reported 
as  pests  in  Kenya,  and  variegated  locust  (Zo- 
iinrrni.i  vnn\\{fafns),  aphids  and  beetles  (Epila- 
chna  hirta)  in  Nigeria.  Farmers  epread  ash  on 
the  leaves  to  control  insects,  althou^  various 
<  h>  lined  pesticides  are  also  used. 

Harvesting  Ix-aves  and  stem  tops  are  col- 
lected from  plants  in  the  wild,  or  from  fields 
during  the  rainy  season.  Harvesting  is  nor- 
m;dly  done  in  the  early  morning.  The  main 
shoot  or  side  shoots  are  plucked  before  flower- 
ing, leaving  at  least  5  cm  of  stem  for  the  pro- 
duction of  new  side  shnot-^  This  method  aOows 
the  farmer  to  haive.st  ti-8  limes  from  the  same 
plant.  The  farmer  may  select  some  superior 
plants  which  are  not  harvested  but  left  for  seed 
production. 
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Yield  iXlthough  no  accurate  recorda  are 
available,  the  yield  of  Sokmuin  americamim  is 
probably  comparable  to  that  of  Solanum  viUo- 
.'<iini  .unl  Soldiiiitii  litnlcri'Dioliiiti  Hittf-r  since 
the  plant  structure  and  size,  and  the  hai-vest- 
ing  method  are  comparable.  The  yield  can 
therefore  be  estimated  ;it  10-20  t/lia.  but  with 
adequate  management  up  to  50  t/ha  would  be 
feasible. 

HancUillg  after  harvest  The  shoots  are 
very  tondrr  and  tlicn  fore  highly  perishable. 
The  produce  is  transported  m  jute  bags  and, 
where  possible,  sold  on  the  same  day.  Once 
they  arrive  at  the  market  traders  sprinkle  the 
leaves  with  water  to  keep  them  fresh.  When 
the  product  has  to  be  kept  &r  a  longer  period, 
it  is  covered  with  plastic  or  banana  leaves  to 
protect  it  from  drying;. 

Genetic  resources  No  specific  germplasm 
collection  of  Solanum  cuneriecaium  is  known  to 

in  ,\fririi  Init  somo  arressions  of  the  sec- 
tion Solanum  are  present  in  genebanks  in 
Kenya,  Tanzania  and  Zimbabwe.  Correct  iden- 
tification of  the  accessions,  however,  is  prob- 
lematic. A  larjje  collection  of  b>olaiium  aiiii'H- 
eemuin  germplasm  is  present  in  the  Svluiiuin 
collection  of  the  Botanical  and  Experimental 

nnri!>'t"  I  f  XiimcLTiMT  T 'ni\'('rsi1  y  (Xclhprl.'inds). 

Prospects  Solaniiin  aiiiericanum  la  a  poten- 
tially important  leafy  vegetable  for  the  low- 
lands. Investigations  are  needed  lo  reduce  its 
alkaloid  content  pnrfirnlarly  of  solanine  to 
make  it  safe  and  mure  palatable  to  consumers. 
Further  researdi  is  needed  into  agronomic 
aspects,  pest  mana^'ement  and  storage.  There 
IS  also  a  need  to  develop  appropriate  cultivars 
to  give  farmers  access  to  reliable  sources  of 
seed. 

Major  references  Bukenya,  Z  R  &  ('araseo, 
J.F.,  1999;  Chweya,  J.A.  &  Eyzaguure,  P.B., 
1999;  Edmffiids,  J.M.  ft  Chw«ya,  J.A.,  1997;  El 
Gueye,  H.F.,  1077;  Srhippers.  R.R.,  2000; 
Siemonsma,  J.S.  &  Jansen,  P.C.M.,  1993;  van 
Epenhuijsen,  C.W.,  1974;  West,  C.E.,  Pepping, 
F.  &  Temaliwa,  C.R.  (Editors),  1988. 

Other  references  Edmonds.  J.M..  1972: 
Edmonds,  J.M.,  1977;  Henderson,  R.J. P.,  1974; 
Hunziker,  A.T.,  2001;  Matlhare,  T., 
Tsnm.kanp,  E.,  Taylor,  F.W.,  Oagile,  O.  & 
Modise,  D.M.,  1999;  Nee,  M.,  1999;  Schippers, 
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Sources  of  illustration  Hitchcock.  C.L., 
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Solanum  anguivi  Lam. 

Protologue  Tabl.  encyd.  2: 23  (1794). 

Family  Solanaeene 
Chromosome  number  2ii.  =  24 
Synonyms  Solanum  diatichum  Sdiumadi. 

&  Thonn.  (1827).  SuIaiitiDi  iii<liitnn  auct.  non 
L.,  SolwLuni  uiiuiiialuiii  auct.  non  Thonn. 

Origin  and  geographic  distrfbution  Sokt' 
niim  anguivi  is  native  to  Africa,  widely  dist  rib- 
ufcd  on  the  .\frican  continent  and  its 
neighbouring  islands  and  Arabia.  It  has  been 
recorded  firom  West  Africa,  as  well  as  Central 
Africa.  East  Africa,  southern  .\frica  and  Ma  l.e 
gascar,  but  it  probably  occurs  in  all  non-arid 
regions  throughout  tropical  Afiica.  It  grows 
mostly  in  the  wild,  but  sometimes,  e.g.  in 
Uganda  and  Cote  d'lvoire,  it  is  a  semi- 
cultivated  vegetable. 

Uses  The  green  fruits  of  Solanum  cmguivi 

are  rollectrd  and  consumed  as  a  vegetable.  In 
Ghana  they  are  used  as  an  appetizer.  In  Cam- 
eroon, the  small  bitter  fruits  are  an  important 
ingredient  of  a  dish  called  'nkwi'.  Fruits  are 
used  fresh  or  dried  and  ground  as  medicine 
against  high  blood  pressure.  In  compounds  the 
plants  with  their  masses  of  red  berries  are  ap- 

preriatf-il  for  t 111 'ir  I' ti iitnent  .'il  \  rilii!' 

Production  and  international  trade  SoUx' 
num  anguivi  fruita  are  sold  in  local  maricets. 
As  they  are  gathered  from  the  wild  or  semi- 
cultivated  in  compounds  data  OH  production 
and  trade  are  not  available. 

Properties  The  nutritional  value  of  So- 
linttiDi  iingtiivi  fruits  is  not  rejiorted  but  is 
probably  comparable  to  fruits  of  the  related 
Solanum  aethiopieum  L.  Solamargine  and  two 
steroid  alkaloid  glycosides,  named  ai^wvine 


Solanum  anffuvi  -  wild 
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and  isoanguivincj  have  been  isolated  from  the 
roots  and  three  steroidal  glycosides  (an- 
guiviosides  A-C)  from  the  fruits. 

Adulterations  and  substitiites  Am  medi- 
cine against  high  blood  pressure  it  can  be  re- 
placed by  dried  scarlet  eggplant  firuits  (So- 
lainnn  (irtliiopicuin  Shum  Group). 

Description  Shrub  up  to  3  m  tall  with 
spreading  branches;  stem  often  prickly,  bear- 
ing small,  sessile  stollato  h.-iirs  w  ill-i  l-K  firms. 
Lonvos  alfornnfo  simiilr>:  stipules  nbsi-nl:  peti- 
ole 2-6  cm  long,  densely  stellate-hairj';  blade 
elliptical-ovate,  10—20  cm  x  5-10  cm,  sinuate  to 
distinctly  lobed  with  2  1  pairs  of  lobes  2-3  em 
long,  base  obUque,  cuneate  or  occasionally 
tnmcate  or  suboordate,  apex  acute  to  obtuse, 
on  both  surfaces  with  more  or  less  sessile  stel- 
late hairs  having  (5-10  more  or  less  equal  arms. 
Inflorescence  a  raceme-like  cyme,  extra- 
axillaiy,  5— 15-flowered.  occasionally  flowers 

solitnry.  Flowers  usually  bisexiinl,  nrrnsionally 
the  distal  flowers  with  short  styles  and  func- 
tionally male,  regular,  usually  5-merous;  pedi- 
cel 4-15  mm  long:  <  il\  \  densely  hairj'.  lobes  c. 
3  mm  long:  corolla  stellate  (>-12  mm  in  diame- 
ter, white,  occasionally  with  pale  purple  vems 
on  the  outer  surface,  stellate  hairy  outside, 
more  or  less  glabrous  inside:  slamens  alternate 
with  corolla  lobes,  filaments  short  and  thick, 
anthers  connivent,  yellow,  o])ening  by  terminal 
poies;  ovaiy  superior,  2-6-ceiled.  style  about  as 
long  as  stamens,  stigma  small.  Fruit  a  subgln- 
bose  beny  7-18  mm  in  diametei-,  smooth, 
green  or  white  when  young,  red  when  ripe,  in 
clusters  of  up  to  20  IVuits:  stalk  H-lTi  mm  long 
usually  erect,  occasionally  decurved.  Seeds 
subreniform,  2-3  mm  long.  Seedling  with 
epigeal  germination:  rot yiedons  thin,  leafy. 

Other  botanical  information  Solxjmim 
angiiivi  is  a  variable  species.  It  exhibits  tremen- 
dous variation  in  pridkliness  and  pubescence, 
and  in  its  inflorest-enre.  This  vnriatinn  is  possi- 
bly partly  due  to  domestication  and  selection. 
There  has  been  a  shift  from  pnckly.  many- 
flowered  and  small-fruited  types  to  pnckleless 
few-flowered  and  large-fnuted  types  Fullv  wild 
or  weedy  plants  can  have  very  pnekiy  leaves 
and  stems;  sudi  plants  are  usually  weeded  out 
and  are  thus  not  encountered  in  gardens.  So- 
lanum  wigiiivi  is  often  found  in  a  semi- 
cultrvated  state.  It  is  dispersed  by  birds,  whidi 
drop  tile  seeds  after iaeding  on  the  berries. 
Seveial  svibspecies  and  varieties  of  Sofatnim 
angiik  i  have  been  recognized.  Sokiiunn  an- 
guivi  is  most  likely  the  wild  prt^enitor  of  tiie 
scarlet  eggplant  (JSolanum  aethiopiaim  L.), 


Solatium  attguivi  -  /,  flowering  and  fruiting 

.shool;  2.  Pott  er;  S,  fruil. 

Redrawn  and  adapted  by  Achinad  Saiiri  A'ur- 
hatntoi. 

rnnimonly  ruHivnted  in  tropieal  ,\frira  possibly 
via  the  semi-domesticated  Solanum  distichuin 
Schumach.  &  Thonn.,  which  is  here  considered 
as  an  element  of  Solmiuiii  (iii^s^iiit  i  and  which 
may  well  be  treated  as  a  cultivar-gruup.  So- 
lanum anguivi  crosses  with  all  prroups  within 
the  Solatium  apthiopicum  r<  i  ]  !  \  and  the 
whole  group  might  be  eonsidi  ii  d  .is  a  single 
biological  species.  The  i"'i  plants,  however,  are 
less  fertile,  and  the  morphological  diflSsrences 

are  eonsiderable:  therefore  fhey  are  considered 
here  as  two  separate  species.  Occasionally  So- 
lanum anguivi  is  confused  with  Solanum  tor- 
nun  Sw..  which  has  larger  dusters  <tf  fruits. 

Growth  and  development  Flowering  starts 
2—3  months  after  gerramation.  Flowers  open 
early  in  the  morning  when  it  is  still  dark.  So- 
li inn  III  anfiin'vi  is  mainly  self-pollinnted  but  nut- 
crossing  by  bees  may  take  place.  The  stigma  is 
receptive  some  hours  before  the  flowers  are  op^ 
and  remains  receptive  for  abmit  two  da  \  s  Most 
plants  sur\'ive  for  one  rainy  season  and  ilie  in 
the  diy  season,  but  occasionally  large  plants  of 
about  two  years  old  may  be  found. 

EeoloKy  Solanum  emguivi  prefers  relatively 
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humid  localities,  being  rare  in  nnd  ones.  L^su- 
ally  it  is  found  as  a  weed  m  ^'iir<lens  or  dis- 
tuibed  areas.  Primitive  very  pnckly  and  haiiy 
ty])es  ctm  hv  foiiml  in  ron-st  habitats,  ranging 
from  primaiy  to  slightly  disturbed  forest. 

Propagatton  and  planting  The  seeds  are 
off  ell  (  lisj  HTsi  'd  by  birds  in  farmers'  fields 
where  the  plants  grow  as  a  weed,  but  are  often 
not  removed  by  the  fanners  since  the  fruits  are 
picked  and  eaten.  Emergence  of  the  secvlling 
shirts  about  a  week  after  sowing;.  In  gardens, 
plants  are  spaced  100-150  cm  apart  to  allow 
for  vigorous  horizontal  brandling.  Spacing  may 
be  wider  if  a  few  plants  are  left  to  grow  in  a 
garden  -imong  other  crops. 

Management  Since  a  few  plants  are  norw 
mally  found  scattered  in  fields  of  other  crops, 
there  are  no  special  management  tethniques 
for  Solanuin  auguivi.  Occasionally  some 
brandies  may  be  pruned  to  stop  the  plant  from 
becoming  tuo  bushy.  < 'iilt  ivnl  ion  is  rarely  prac- 
tised, but  the  same  cultivation  techniques  as 
for  Solatmm  aetfuf^ieum  may  be  used. 

Diseases  and  pasta  Solcamin  aitgiiivi  is 
suHtvptibIc  to  the  rust  Piwcinia  stibstriata  var. 
iiidica,  but  m  general  it  is  verj-  resilient  and 
resistant  to  diseases  and  pests  that  afiect  many 

othei-  Snfaintiii  specii^s  e.g.  bacterial  will. 

Harvesting  The  harvest  of  the  fruits  starts 
2.6-3  months  after  plant  establishment.  Fruits 
are  ready  for  picking  2-;^  weeks  ni'tcr  fruit  set, 
i.e.  when  they  have  reached  a  ii  asonablc  si/o 
but  are  still  immature  and  green.  Unly  the 
quantity  needed  for  immediate  consumption  is 
picked  The  crop  keeps  producing  for  up  to  a 
year  or  more.  When  seeds  are  required,  fruits 
are  allowed  to  reach  full  maturity  turning  or- 
ange-red in  colour,  i.e.  about  4-6  weeks  after 
fniil  sot 

Yield  A  plant  yields  some  handi'uls  of  pea- 
sized  fruits  per  month. 

Handling  after  harvest  Frrsh  fruits  of 
Solanum  aiigiiivi  are  easily  transported  and 
can  be  kept  in  good  condition  for  some  time, 
especially  in  shade  or  in  a  cool  place.  Svin- 
drying  of  fruits  after  cooking  is  practised  to 
preserve  them.  The  dried  fruits  are  ground  into 
powder  and  added  to  soup  when  required. 

Genetic  resources  Being  mainl.v  a  weedy 
species  and  widely  distributed  in  Africa,  So- 
lanum angitivi  is  not  threatened.  Farmers 
maint  III  ifie  apedes  by  sparing  the  wanted 
tj'pes  Irnni  being  weeded  from  their  fields.  Over 
50  samples  oi  Solanuin  aitgiiivi  collected  in  the 
19808  were  kept  at  the  University  of  Birming- 
ham (United  Kingdom),  but  most  of  the  mate- 


rial has  been  taken  over  by  the  University  of 
Nijmegen  (Netherlands). 

Breeding  Genetic  improvement  of  SoUmum 
anguivi  has  not  been  reported  However,  it 
has  been  used  in  the  breeding  of  other  species. 
In  Uganda,  Sohmum  anguivi  was  crossed 
with  Solaninn  aelhiopicuni  to  raise  Fi.  F^,  BCi 
and  BC2  generations  to  be  evaluated  for  15 
quantitative  and  qualitative  traits.  Highly 
significant  levels  of  hybrid  vigour  were  de- 
tected in  harvest  date,  number  of  fruits  per 
plant,  fruit  size  and  weight,  and  leaf  index. 
Fleshy  and  strongly  attached  versus  thin  and 
easily  removed  peduncle,  green  versus  white 
colour  of  unripe  fruits,  and  prickly  versus 
non-prickly  conditi<m  diowed  monogenic  in- 
heritance. 

Prospects  Solainnn  aiigiiiii  is  a  valuable 
semi-domeslicaled  indigenous  vegetable  in 
many  areas,  with  potential  to  become  a  culti- 
vated market  vegrtnble.  Breeding  for  itl.int 
habit,  earliness,  fruit  quahty  and  yield  merits 
attention. 

Solanum  anguivi  is  of  potential  use  as  g«iitor 

in  breeding  i>r<)gr;imines  aimed  at  improve- 
ment of  Solanuin  aelluupicuni  for  disease  resis- 
tance, e.g.  to  bacterial  wilt  (fiai&tonia  sotana- 
cennnn).  and  to  increase  the  number  of  firuits 
per  mi'ructescence. 

M^j<Mr  references  Bukoiya  Z.R.,  1980;  Bu- 
kenya,  Z.R.,  1993;  Sduppers,  RR.,  2000; 
Sehmol/er,  O.H.  1990. 

Other  references  Anaso,  H.U.,  1991; 
Anaso,  H.U.,  Okerere,  G.U.  &  Uzo,  J.O.,  1990; 
Bitt-T  O,,  192:^:  Bukenya.  Z.R.  &  Carasn.,  J.F., 
1999;  Bukenya,  Z.R.  &  Hall,  J.B.,  1988;  Jaeger, 
P.M.L.,  1985;  Tester,  R.N.  &  Niakan,  L.,  1986; 
Lester,  R  X  Jaeger,  P.M.I..,  Bleijendaal- 
Spierings  B  II.M.,  Bleijendaal.  H.P.O.  &  Ho|- 
loway,  H.L.O.,  1990;  Leung,  VV.-T.VV.,  Busson, 
F.  &  Jardin,  C,  1968;  Rippetger,  H.  & 

Himmelreirh  F.  1991;  rSD.X  ARS  &  Nntio- 
nal  Genetic  Resources  Program,  2001;  Wilson, 
J.P,  Phatak,  S.C.  &  Lovell,  G.,  1996;  Zhu,  X.H.. 
Ikeda,  T.  &  Nohara.  T.  2000. 

Sources  of  illustration  Nabakooza,  J., 
2003b. 

Authors  R.  Btikenya-Ziraba 

Solanum  ANOMALUM  Thonn.  ex  Schumach. 

Protologue  Beskr  Gum.  pi.:  126  (1827). 
Family  Solanaceae 

Origin  and  geographic  distribution  Sola- 
num  anonudum  occurs  from  Sierra  Letme  to 


I  'ci 
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southern  Nigeria,  Cameroon  and  DR  Congo. 

Uses  The  ripe  red  fruits  of  Solanum 
anomaluin  are  collected  from  the  wild  and 

cooked  in  soups  find  snuivs.  or  eaten  fresh. 
They  taste  bitter  and  are  normally  only  eaten 
fresh  by  older  people.  When  dried  the  frtiits 
can  be  stored.  The  loiivcs  are  not  eaten.  In 
West  Airica  sap  from  the  leaves  and  fruits  is 
drunk  or  taken  by  enema  1—2  times  daily  as  a 
treatment  for  leprosy.  In  Nigeria  the  fruils  are 
used  as  .)  laxative  and  digest  ivo.  They  nrv  also 
served  ground  up  in  soups  and  sauces  as  an 
appetizer  for  side  persons,  sometimes  mixed 
with  iVints  of  Parhia.  In  UR  Coni:<i  leaf  sa])  is 
drunk  against  gonorrhoea  and  crushed  fruits 
are  applied  to  maturate  inflammationa  on  fin- 
gers or  toes.  In  Ghana  fruit  juice  was  applied  to 
sores  on  the  ears  to  alleviate  pain. 

Botany  Shrub  up  tu  2  m  tall,  usually  armed 
with  prickles  up  to  6  mm  long  on  stem, 
branches  and  midrib  of  the  leaves.  Lea\  i  s  ar- 
ranged spirail}\  simple;  petiole  3-6  cm  long; 
blade  ovate  to  elliptical,  10-17  cm  x  3-8  cm, 
I  a^r  .attenuate,  margin  sinuate,  when  young 
densely  covered  with  sessile  stellate  hairs  at 
both  sides,  glabrous  when  mature.  Inllures- 
oenoe  an  axillary  fasciculate  cyme,  usually  16- 

i^O-riowenHl  pedunc-le  c.  2  mm  Innp.  Flowers 
bisexual,  4-5-merous;  pedicel  c.  fJ  mm  long,  in 
fruit  up  to  2  cm;  calyx  c.  6  mm  long:  corolla  6-6 
mm  long,  white,  with  stellate  hairs  on  outer 
surface  Fruit  a  globose  beny  5-0  mm  in  di- 
ameter, green  when  young,  shiny  red  when 
mature.  Seeds  globose,  2-3  mm  in  diameter. 
St^mim  comprises  over  1000  species.  Snlnninii 
eaiottuilum  belongs  to  subgenus  Leptostemouum, 
together  with  e.g.  Solanum  anguivi  Lam.  and 

Snlaiiiiin  torvum  Sw.  the  fruits  of  which  are 
also  enton  ns  a  vegetable.  It  is  closely  rolaled  to 
Solanum  anguivi  and  is  often  contused  with 
that  species,  also  in  the  literature. 

Managemont  Reports  on  the  susceptibility 
of  Solanum  anomalum  to  the  shoot  and  fruit 
borer  Leucinodea  orb<malia,  a  serious  pest  of 
egg  plant,  are  conflicting. 

Ecology  Solatium  aiwmahnti  occurs  wild  in 
thickets  and  secondary  loresl  in  the  drier  parts 
of  the  forest  zone. 

Genetic  resources  and  breeding  Solanum 
anomalum  is  rather  widespread  and  not  in 
danger  of  genetic  erosion.  A  few  accessions  are 
held  in  Seiauum  genebanks  in  the  Netherlands 
and  Germany 

Prospects  Solanum  anomalum  will  remain 
a  minor  fruit  vegetable.  Its  taxonomy,  nutri- 
tional composition  and  medicinal  properties 


need  investigation. 

M^jor  references  Bukenya,  Z.R.  &  Hall, 
J.B.,  1988;  Burkill,  H.M.,  2000;  Scfamelzer, 

G.H..  ir?oo 

Other  references  Bdiera,  T.K.,  Singh,  N.  & 
Kalda,  T.8.,  1999;  I^Arcy,  W.G.,  1979;  Irvine. 
F  R  1961:  Kumar,  R.  &  Gupta,  S.S.,  2001; 
Whalen,  M.D.,  1984. 

Authors  P.C.M.  Janaen 


SOL.\NU.M  UROSSEDENTATUM  A.Klch. 

Protologue  Tent.  fl.  abyss.  2  :  101  (1860). 
Family  Solanaceae 

Synonyms  Sakmum  memphytieum  C.C. 
'Imel.  var  ahyssinieum  (I)unal)  Cuf  (196.3). 

Origin  and  geographic  distribution  Sola- 
num giossedentaium  is  poorly  known.  It  is 
thought  to  be  native  in  Africa,  occurring  from 
Cameroon  c  ast  to  Ethiopia  and  Somalia,  and 
south  to  South  Africa. 

Uses  The  leaves  of  Solanum  grosaedentahim 
are  collected  from  th<<  wild  and  ustd  ,i 
cooked  vegetable.  The  fruits  are  eaten  by  chil- 
dren. In  Kenya  it  is  said  to  be  grown  together 
with  maize,  and  the  leaves  are  sold  on  local 
market  > 

Properties  No  nutritional  composition  is 
known  for  Solanxtm  groaaedeittatum  leaves,  but 

it  is  probably  comparable  to  related  .African 
nightshades  such  as  Solanum  srahnini  Mill. 

Botany  Erect  to  decumbent,  annual  or 
short-lived  perennial  heib  up  to  120  cm  tall, 
often  surrulent.  usually  villose  with  red-brown 
glandular  and  shorter  non-glandular  hairs. 
Leaves  arranged  spirally,  simple:  petiole  about 
as  long  as  blade,  winged;  blade  ovate- 
lanceolate  :',-7  cm  X  2-4  cm  margin  dentate  to 
incised,  influrescenoe  a  simple  umbellate  cyme, 
d-4-flowered.  Flowers  bisexual,  usually  6- 
merous:  prdii-i  1  n  flexcd  in  fruit:  calyx  stellate, 
adherent  to  fruit;  corolla  rotate,  c.  1  cm  in  di- 
ameter, white  with  greenish  basal  star.  Fruit  a 
globose  beny  7-9  mm  in  diameter,  black  when 
mature, 

Solanum  gmssedeiilalum  belongs  to  the  subge- 
nus SoUmum  and  section  Solanum,  together 
with  other  vegetable  species  Budi  as  Solanum 
americanum  AUIL,  Solanum  acabmm  Mill,  and 
Solanum  villosum  Mill.  Researdi  is  still 
needed  to  better  understand  the  species  within 
section  Solanum  and  their  diversity.  In  .\frica 
the  name  Solanum  nignim  is  often  used  for 
almost  all  species  of  section  Solanum  with 
blackish  fruits.  Most  probably  Solanum  retro- 
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fle.\nm  Dunal  is  identical  to  Solanuin  grossed- 
eiUatum,  but  more  research  is  needed.  So- 
lanuin tvlroflextim  is  a  tetraploid  (2»  =  48), 
occurring  throughout  tropical  Africa  an<l  intro- 
duced in  North  America  and  AustraUa.  Its 
leaves  are  rarely  eaten  as  a  vegetable,  but  it 
has  edible  ripe  fruits  Its  inilunK  ntum  is  villose 
and  consists  of  non-glandular  hairs. 

Ecology  Soloftum  groMedmtatum  occurs  in 
montane  secondarj'  scrub  vegetation,  often 
growinj;  ns  n  wocd  .-it  Si">(>-:'i(irii)  m  altitude. 

Genetic  resources  and  breeding  Solanum 
gro»9edent<Jtum  is  widespread  and  not  in  dan- 
ger of  tjenet  ic  erosion, 

Prospects  Solumnn  groaaed&itatum  will 
remain  a  minor  vegetable.  A  tazimomic  revi- 
sion of  the  section  to  which  it  belongs  is  badly 
nv'h  '\ 

Major  references  Liukenyu,  Z.R.  & 
Carasco.  J.P..  1995a;  Burkill,  H.M..  2000;  Ed- 
monds .1  At.  &  Phweyn,  J  A.  1997. 

Other  references  Bukenya,  Z.R.,  1996; 
lyArey,  W.G.,  1979;  van  Wyk,  B.E.  &  Geridte, 
N..  2000  \\< .^tphid.  E..  1975. 

Authors  P.C.M.  Jansen 


SCH^ANUM  MACROCARPON  L. 

Pratolosue  Mant.  pi.  2: 205  (1771). 
Family  Solanaoeae 

Chromosome  number  2n  =  2  I  !0 
Synonyms  Solanum  do-syphylluin  Schumach. 
&  Thonn.  (1827). 

Vernacular  names  Gboma.  gboma  egg- 
plant, African  eggplant  (En).  Gboma,  auber- 
gine gboma,  anghive,  aubergine  africaine  (Pr). 
Berinjela   africana   (Po).  Ng(^e,  uyanya, 

nynnya  rhiinijii  (S\v). 

Origin  and  geographic  distribution  The  ge- 
nus Sokmum  comprises  over  1000  qoecies 
worldwide  Tn  Africa  and  adjacent  islands  it  is 
represented  by  at  least  100  indigenous  species; 
about  20  of  these  are  recent  introductions.  So- 
hinum  macrocarpon  has  an  African  ancestrv'. 
Spiny  wild  forms  are  found  throughout  the 
tropical  non-arid  parts  of  Al'rica,  their  fruits 
still  being  gathered  occasionally  as  vegetable, 
whereas  the  cultivated  forms  crdlcil  ixbnmn'  in 
West  Africa,  constitute  an  important  fruit  and 
leaf  vegetable,  grown  for  the  market  and  in 
home  gardens.  Local  cultivars  ^rown  fur  the 
leaves  are  common  throughout  West  and  i 'an- 
tral Africa,  while  the  fruit  t\pes  are  mamly 
restricted  to  the  humid  coastal  areas  of  West 
Africa.  Gboma  has  been  recorded  in  many  West 


Soltamm  maeroearpon  -  wild  cuid  pUuiled 

African  countries  and  probably  occurs  in  all 

coastal  countries.  It  is  also  widespread  in  fen- 
tral  and  East  Africa.  In  southern  Africa  it  has 
been  recorded  as  a  vegetable  in  Malawi,  Zam- 
bia, Zimbabwe  and  Mozambique.  Several  fruit 
cultivars  can  also  be  found  in  South  America 
(Surmame)  and  the  Caribbean,  apparently 
introduced  from  West  Africa,  the  local  name  in 

Siiriname  being  ndrowa'  (  ndnnva  is  the  name 
of  certain  types  of  Solanum  uethivpicum  L.  m 
Cdte  dlvoiro).  It  has  been  reported  from  Thai- 
land and  Indonesia,  but  this  is  probably  erro- 
neous and  concerns  a  different  .species. 

Uses  The  young  leaves  and  young  fruits  are 
cooked  and  consumed  as  a  vegetable.  The 
leaves  are  eaten  as  a  separate  dish  or  in  sauces 
together  with  other  ingredients.  The  taste  is 
more  or  less  bitter  and  very  mudi  liked.  The 
leaves  can  either  be  steamed  (as  practised  in 
I'ganda)  or  fried  in  nil  with  onions.  In  West 
Africa  both  leaves  and  fruits  ai*e  eaten.  A  popu- 
lar cultivar  in  Benin  is  a  small-fruited  leaf 

type,  whereas  in  (""ote  d'lvoire  n  bip-fniiled 
type  grown  for  its  fruits  is  popular,  in  L.'ganda 
it  is  mostly  the  leaves  that  are  eaten,  but  the 
fruits  are  added  to  sauces. 

The  leaves  fruits  and  roots  have  a  variety  of 
medicinal  uses.  In  Sierra  Leone  heated  leaves 
are  chewed  to  treat  throat  troubles;  in  Nigeria 
fruits  are  taken  as  n  laxative,  and  to  treat  car- 
diac diseases,  while  flowers  and  fruits  are 
chewed  to  clean  the  teeth;  in  Kenya  the  juice  of 
biiiled  roots  is  drunk  to  get  nd  nf  hookworms, 
while  crushed  leave.s  are  token  to  treat  stom- 
ach troubles.  Solanum  maeroearpon  is  ooca- 
sionaUly  grown  as  an  ornamental. 
Production  and  internaHowal  trade  Leaves 
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and  fruits  of  gboma  are  common  market  vege- 
tables in  many  African  countries,  but  statistics 
on  production  and  trade  are  nut  available. 
There  is  somn  export  of  gbonui  fiiuts  from 
Senegal  and  Uganda  to  European  markets 
(Paris,  Brussels).  In  the  Caribbean  (Santo  Do- 
mingn)  nnd  Surinamo  yboma  fruits  are  pro- 
duced for  export  to  the  United  States  and 
Europe  (Amsterdam). 

Properties  The  composition  of  gboma  l<>ave.s 
is  comparable  to  that  of  other  dark  screen  Icnf 
vegetables,  while  the  composition  of  gboma 
fruits  is  similar  to  that  of  eggplant  (SoUmum 
iiieloiigeit'i  Gboma  leaves  contain  yii-r  100  g 
edible  portion:  water  85.6  g,  energ>'  1 76  kJ  (42 
kcal),  protem  4.6  g,  fat  1 .0  g,  caihohydrate  6.4 
g,  fibre  1.6  g,  Ca  391  mg,  P  49  mg.  Gboma 
fruits  contain  per  edible  portion  of  100  g  (i.e. 
product  as  purchased):  water  89.0  g,  energj' 
168  kJ  (40  kcal),  protein  1.4  g,  fat  1.0  g,  carbo- 
hydrate 8.0  g,  fibre  1  .5  g,  Cn  ]'A  mg  (T.eiing,  W.- 
T.W.,  Busson,  F.  &  Jardin,  C.  1968).  All  So- 
Unium  species  contain  spirosolane  alkaloids, 
including  solanine  and  solanidine.  These  are 
bitter  tasting  and  potentially  poisonous  when 
consumed  frequently. 

The  petroleum  ether  fraction  of  a  SotoKum 

iiiacrnravjxiu  fruit  extract  shnwcf]  .-iraricitial 
activity  against  the  tick  RhipicepliaLus  appeii- 

Deacriptioii  Shrub  or  subahrub  up  to  1.5  m 

tall;  stems  torrte  glabrous  or  with  stellate 
hairs,  not  prickly  or  with  straight,  robust 
prickles  up  to  6  mm  long.  Leaves  alternate, 
simple:  stipules  absent;  petiole  up  to  7  cm  long 
or  leaves  subsessile;  blade  16-46  cm  x  8^0 
cm,  entire  or  with  short  to  large  lobes  up  to  8 
cm  long,  hair\'  on  both  surfoces  with  simple  or 
stellate  hairs,  later  often  glabrescent  prickles 
present  or  absent  on  leaves,  when  present 
principally  on  midrib  and  lateral  veins, 
straight,  up  to  13  mm  long.  Inflorescence  lat- 
eral, racemose,  3-12-flowered.  Flowers  func- 
tionally female  and  larger  in  lower  part  of  in- 
florescence, functionally  male  with  short  styles 
in  upper  part  regular.  5(-6)-merous  pedicel- 
late; calyx  campanulate,  lobes  pointed,  hairy, 
glandular,  sometimes  pridkly,  often  accrescent 
in  fniit-  corolla  infundibuliform-rotate  or  cam- 
panulate, 2-3.5  cm  long,  pale  purple  or  purple, 
rarely  white,  glandular  hairy  outside,  glabrous 
inside;  stamens  alternate  with  corolla  lobe^ 
filaments  short  and  thick  anthers  connivent 
opening  by  terminal  pores;  ovarj'  superior,  2-5- 
oelled,  glabrous  or  alig^tly  glandular  haiiy, 
style  in  female  flowers  sUg^t^  longer  than 


Solanum  maeroearpon  -  1,  flowering  branch;  2, 

fruit 

Redrawn  and  adapted  by  Ackmad  Saiiii  Nur- 
haman 

.'^tnmens.  Fruit  a  depressed  globose  berry  2-6 
cm  X  3-10  cm,  green,  ivorj*  or  purplish  white 
with  dark  stripes  when  young,  yellow  to 
brownish  when  ri|ie  many-seeded,  partly  cov- 
ered by  the  enlarged  calyx  lobes;  fruit  stalk 
erect  or  deeurved,  1-4  cm  long.  Seeds  com- 
pressed obovoid  to  n'niform,  3-4.5  mm  x  2-3.5 
mm  Seedling  with  epigeal  germination:  coty- 
ledons leafy,  subsessile,  narrowly  elliptical. 
Other  botanical  infbnnatioii  SohMnum 

niiirrnrarpnii  is  extremely  variable.  It  is 
treated  here  as  including  Solanum  maeroear- 
pon L.  sensu  stricto  and  Solatium  dasyphyllum 
Schumach.  &  Thonn.  (wild  ancestor  of  So- 
lainini  vtacroearfxtn)  This  is  dnrv  because 
crossability  expenmenls  invohmg  \ari0US 
groups  of  the  Solanum  maeroearpon  complex, 
including  wild  Solanum  HaayphyUuiu  and 
semiwild  types  and  cultivars,  produced  fully 
fertile  Fi  and  Fs  hybrids.  Fi  hybrids  between 
the  cultivars  of  Solamtm  maeroearpon  and  the 
wild  group  (Sniainim  rlnsyphylhim)  showed 
normal  meiosis.  The  domestication  process  of 
Solanum  dtuyphyBum  has  involved  selection 
against  hairs,  priddea  and  deeply  lobed  leaves. 
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Landraoes  that  wore  selected  for  their  fruit 
often  diow  a  reduction  in  bitterness  and  an 
increase  in  firuit  size.  The  distinction  between 
the  leaf  tjr'pes  and  fruit  typt-s  is  not  very  strict 
because  the  leaves  of  the  fruit  group  may  also 
be  eaten,  but  these  are  not  as  soft  as  the  leafy 
types.  Th.'  fruit  tx  pcs  hnvo  hirger  (180-500  g) 
and  softer  fruits  whereas  the  leaf  types  have 
relatively  smaller  fruits  (<180  g),  which  are 
ofi  (>n  nit  her  hard  nnd  have  a  cracked  surface. 
Si>\  i'i-nl  niltivnrs  of  Sdlniiiini  niacrncarpou  nre 
cultivated  e.g.  in  Ghana,  where  they  are 
mainly  grown  for  their  fruit  and  less  so  for 
their  leaves.  Thi'  names  given  tn  these  i-ulti- 
vars  are  either  those  under  which  they  were 
known  by  farmers  or  named  after  the  village 
where  they  were  found.  Kruits  and  leaves  of 
'Gboma  Mankessim".  Akw  aseho'  and  Kade' 
are  consumed,  whereas  of  Sarpeiman  and  Bui 
only  fruits  are  eaten. 

Growth  and  development  Obomn  seeds 
are  orthodox  and  if  kept  diy  and  cool  will 
maintain  a  high  viability  for  several  years. 
However,  if  kept  at  room  temperature  and  high 
air  humidity,  viability  is  lost  in  a  few  months. 
Germination  starts  about  a  week  after  sowing. 
Flowering  starts  2-3  months  after  germina- 
tion. Cultivars  grown  in  savanna  areas  flo\v(M- 
earlier  than  those  in  high-ramfall  areas  and 
are  more  tolerant  to  drought.  The  crop  is 
mainly  solf-poMinated.  It  has  low  levels  of  out- 
crossing, which  is  nininly  Hone  by  hers  nnd 
other  polimating  insects.  Flowers  open  early  m 
the  morning  when  it  is  still  dark.  The  stigma  is 

receptive  smnt'  liours  Ix-fore  the  flowers  open 
and  remains  receptive  for  about  two  days. 
Fruits  are  ready  for  picking  3-4  weeks  after 
fruit  set.  Fruits  take  about  10  weeks  to  ripen 
and  seeds  should  be  collected  from  fruits, 
which  are  physiologically  ripe, 

Eook^  Most  leafy  cultivars  grow  in  high- 
rainfrdl  areas  of  West  and  Central  Africa  An 
exception  is  a  group  of  cultivars  with  small 
leaves  and  fruits,  found  in  the  semiarid  and 
savanna  areas  of  Northern  Ghana,  Burkina 
Faso  and  neighbouring  countries.  Fruit  culti- 
vars are  restricted  to  the  humid  coastal  areas 
from  Cdte  d'lvoire  to  Nigeria  and  also  along  the 
East  .African  roast.  Gboma  requires  warm  con- 
ditions and  is  onl>'  occasionally  found  at  hi^ 
altitudes,  e.g.  in  Cameroon.  At  high  altitudes, 
plants  are  sturdy  and  their  growth  rate  is  slow, 

Propagation  and  planting  The  lOOO-seed 
weight  is  about  1.7  g.  Seeds  are  sown  in  a 
nursery  and  are  spaced  at  20  cm  between  the 
rows.  Presoaking  of  seeds  in  hydrogen  peroxide 


for  21  hours  genrrally  improves  germination. 
Seedlings  of  leafy  cultivars  are  transplanted 
after  4-6  weeks  at  a  spacing  of  50  cm  x  50  cm. 
The  spacing  for  fruit  cultivars  is  about  1  m  x  1 
m.  Fruit  cultivars  require  more  frequent  water- 
ing than  the  leaf  cultivars  as  drought  causes 
seeds  to  develop  faster  making  the  fruits  un- 
suitable for  consumption.  VVlien  preparmg  beds 
it  is  recommended  that  NPK  16-15-16  fertil- 
i/(>r  hv  added  at  a  rate  of  80-100  kg/ha. 

Management  Gommen  ial  growers  normally 
practise  monocropping.  l-or  subsistence  culti- 
vation, fsnners  grow  their  landraoes  in  home 
gardens  as  a  sole  crop  or  intercropped  with 
other  food  crops  like  maize  and  cassava. 
Gboma  responds  well  to  NPK  fertilizer  and 
animal  manure.  When  the  crop  is  grown  for  its 
leaves  it  is  trimmed  when  about  20  cm  tall  to 
promote  the  production  of  new  shoots.  Abun- 
dant fruit  production  also  follows  trimming. 

Diseases  and  pests  Gboma  is  rather  resis- 
tant to  diseases  and  pests  compared  to  exotic 
vegetables  like  tomatoes.  Many  diseases  and 
pests  have  been  reported  to  attack  the  crop, 
but  most  are  rarely  ver\'  harmful:  I'urriin'a 
peuniaeli  (yellow  rust),  Geotrichuin  cundtduin 
(rusty  brown  leaf  spot),  FUaarium  sp.,  Rhizoe- 

Ionia  sdJiiiiI,  VrrticiUiiiiv  JnhHui'  (wilt),  Gloeo- 
aporiuin  meloitgenae  (anthracnuse),  LeveiUuIa 
taurtea  (powdery  mildew),  Phomopsis  vexatta 
(phomop.sis  rot),  Phytophthora  pamailica  (fruit 
rot),  rtnlfttojiia  soJanacpnrum  (baeferial  wilt), 
leaf  curl  virus,  Empoasca  flai  esceiis  (leaf  hop- 
per), Epilaehtia  JuHa  (leaf  beetle),  Epitrix  eu- 
ciiiii'-ris  and  Epi'fn'x  punila  (flea  Iii'i't!i)  }h>iio- 
tliis  annigem  (army  worm),  Ltnivinodes  uiboii' 
alis  (fruit  borer),  Meloidogyiw  species  (root- 
knot  nematodes)  Psylliode.'i  balyi  and  Psyl' 
liddi's  sphndida  (cut  worm)  -Jarnbiasm  lyhi'ca 
Spodoplera  lilloralis  (army  worm),  Prodenia 
litura,  and  TVtranjwAiM  tiwusaAes  (red  spider 
mite),  r'iboma  leaves  often  show  a  deformation 
and  a  mottled  viruslike  appearance,  caused  by 
mites  (Polypgagotara<memua  latua);  when  the 
symptoms  appear,  the  mites  have  already  mi- 
grated to  the  younger  leaves. 
Certain  cultivars  are  resistant  to  Cenuspoiu 
aokmi,    Thielaviopais   beuieola  (damping-off 

Hi  sense)  lA'tiriiindrs  nrhniiah's  Trialettrodes 
vaporariorum  (whitefly),  Amrasca  biguttula 
(leaf  hopper),  and  highly  tolerant  to  Tetrany' 
ehua  urticae  (spider  mite)  and  Fu-snriii m  wilt- 
ing. CJultivars  having  fruits  with  a  tiuigh  calyx 
cover  and  high  phenolic  content  are  more  resis- 
tant to  fruit  b<»ers  than  those  without.  It  was 
observed  tiiat  gboma  completely  resisted  shoot 
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infestation  of  Leucinodes  orbonalU,  performinB 
better  than  Solanum  incanum  L.,  which  is  well 
known  for  its  resistance  to  tiiispest. 

Harvesting  Lf;if  liarvcst  starts  0,-9  weeks 
after  transplanting,  usually  about  a  week  alter 
flowers  have  appeared.  The  leaves  are  har* 
vested  periodically  and  depending  on  (he  avail- 
ability of  water  the  crop  continues  to  produce 
for  up  to  a  year.  The  whole  shoot  with  the  ter- 
minal l)U(l  and  occasionally  the  flowers  is 
picked.  Subsequent  hnrvosts  arc  made  ovrni- 
two  weeks  and  consist  of  side  shoots.  Whei-e 
fruits  are  eaten,  they  are  picked  when  still 
uniipc.  2-1  months  after  sowing.  Ripe  fruits 
are  harvested  one  month  later  for  seed. 

Tidd  An  average  leaf  yield  of  2.9  kg/m-  with 
a  crop  spacing  of  50  em  x  50  cm  has  been  re- 
corded in  Nigeria.  Cultivars  with  early  re- 
growth  are  most  suitable  fur  high  yields  as  a 
leaf  vegetable.  Leaves  can  be  harvested  for 

several  seasons  from  reprowthsbul  n  new  crop 
gives  the  best  yield.  In  Senegal  the  <nltivar 
'Newubaar^  has  given  1.5  kg  of  fruits  per  plant 
in  4  months.  Regular  leaf  harvesting  decreases 
the  fruit  yield. 

Handling  after  harvest  Fresh  leaves  and 
fruits  are  easily  transported  and  can  be  kept  in 
good  condition  for  some  time  csjKcially  in 
shady  or  cool  places.  Sprinkling  with  water 
helps  to  keep  the  leaves  fresh.  Gboma  leaves 
are  sometimes  presen'cd  by  sun -drying,  but 
AspcrQilhis  species  and  other  storage  fungi 
may  develop  on  stored  leaves.  The  dried  prod- 
uct is  broken  into  small  pieces  or  ground  to 
powder  and  used  in  soup.  Fruit  cultivars  with  a 
soft  skm  are  preferred;  they  are  easy  to  code, 
but  they  do  not  travel  well.  Cultivars  with  a 
tough  skin  are  easily  transported  and  can  be 

stored  up  to  two  weeks. 

Genetic  resources  Local  landraces  are 
presently  not  at  great  risk  of  genetic  erosicm. 
National  research  institutes  in  Nigeria  and 
Ghana  maintain  germplasm  of  Solanum  mac- 
rocarpon.  Since  1980,  the  International  Plant 
Genetic  Resources  Institute  (IPGRI)  has  organ- 
ized Solaniiin  species  collecting  missions  in 
West  Africa  (Benin,  Burkina  l''aso,  Cole 
d'lvoire,  Ghana  and  Togo)  and  materials  have 
also  been  collected  from  many  other  .\frican 
countries  including  Nigeria,  Uganda  and  Zim- 
babwe. A  collection  was  held  at  the  University 
of  Birmingham  (United  Kingdom).  Recently 
this  material  has  been  transferred  to  the  Uni- 
versity of  Nijuiegen  (Netherlands). 

Breeding  In  most  African  countries  gboma 
is  considered  to  be  a  minor  crop,  except  in  Ni- 


geria, and  therefore  research  to  enhance  the 
germplasm  potential  is  scarce.  Cultivar  devel- 
opment work  started  in  1998  in  both  Cameroon 
and  r;hiina  The  tremendous  variaVnlity  m  the 
species,  embracing  the  wild  ancestor  Solanum 
daayphyUum,  semiwild  forms  and  cultivars 
from  both  humid  and  dry  arons  offers  a  good 
opportimity  to  the  breeder  to  improve  the  crop, 
e.g.  for  disease  resistance. 

Fi  and  Ps  hybrids  between  the  various  groups 
of  Snfantim  ninrrnrai-pnii  (including  wild  So- 
lanum dasyphylluin)  .show  heterosis  and  Fa 
superior  hjrbiids  have  been  isolated  as  candi- 
dates for  future  breeding  programmes,  Fertile 
mterspeciiic  crosses  of  Solaiuim  macrocarpou 
with  Salmmm  aetkiopieum  L.  and  Solanum 
melmigeiia  L.  are  possible.  Solanum  maerocar- 
poll  is  a  gtHtd  genitor  for  inducing  disr-ase-  and 
pesl  resistances  in  eggplant  {Suluniini  melou- 
^na).  In  India,  the  resistance  to  fruit  and 
shoot  borer  (Lcuchincies  nrbonalis)  is  incorpo- 
rated in  eggplant  by  crossing. 

Prospects  Gboma  with  its  slightly  bitter 
taste  is  liked  by  consumers.  The  high  nutritive 
value  of  the  leaves  and  the  high  leaf  and  fruit 
yield,  as  well  as  the  fairly  high  resistance  to 
peats  and  diseases  make  the  crop  interesting 

for  ile\-elopmenl .  The  leafy  cult  ivars  have  po- 
tential for  mtroduction  in  semiarid  .in  as  to 
improve  the  nutritional  status  of  tht  i  >pula- 
tion.  The  fruity  cultivars  have  potential  for 
promotion  in  hot  humid  areas.  The  consider- 
able variation  within  the  species  gives  it  high 
potential  for  breeding  for  various  purposes. 
Development  of  the  export  market  will  require 
uniform  cultivars  and  putting  in  place  a  good 
system  of  post-harvest  handling. 
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SOLANUM  MELONGENA  L 

Protologue  Sp.  pi.  1:  186  11753). 

Family  Solanaoeae 

Chromosome  number  2ii  =  24 

Synonyms  Solatium  inaanuin  L.  (1767), 
Sokttuim  eteulentum  Dunal  (1813),  Solanum 
incanum  auct.  non  L. 

Vernacular  names  Eiiijplant,  auberKint'. 
brinjal  (En).  Aubergine,  bringelle,  melongene 
(Fr).  Beringela  <Po).  Mbiringanya,  mbilingani 
(Sw) 

Origin  and  geographic  distributiom  Wild 
Solanum  meloiigena  is  found  in  the  area  of 
Myanmai^Yunnan  where  it  J<  \  eloped  from  the 
Sulaiiiiin  iiiciitnnii  cornpli  x  w  hich  had  pn'\  i- 
uualy  migrated  into  Asia  Irom  the  \liddle  East 
and  East  Africa.  Domestication  took  place  in 

the  nroM  hclwccn  Indiii  Mynnm.iT-  nnd  China, 
where  many  primitive  or  weedy  eggplant  types 
are  still  found.  The  first  reports  of  the  use  of 
Finlannm  melongena  as  a  cultivated  species  in 
Sanskrit  and  Chinoso  apro-botnnirnl  lilrraturn 
date  back  about  2000  years.  Eggplant  was 
known  in  Iran  as  early  as  the  6— 7*i>  centuiy 
AD.  Follduiny  thf  yreat  Muslitii  i  xpansion 
westwards  (8-9"^'  centurj'  AD),  eggplant  moved 
towards  the  Maghreb  and  probably  further 
south  to  the  oases  of  the  Sahara  and  tropical 
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Solanum  melong&us  -  planted 


i\frica,  as  well  as  to  southom  Europe.  It  was 
described  in  Ethiopia  in  the  14fi*  centuiy. 
Nowadays  eggplant  is  cultivated  worldwide, 
but  its  two  main  production  regitma  are  Asia 
and  the  Mediterranean, 

Uses  The  immature  fruit  of  eggplant  is  eaten 
when  it  is  attractively  coloured  and  t;l"^i^y  i"id 
the  seeds  are  still  immature.  When  mature,  the 
fruit  flesh  is  fibrous  and  bitter,  and  the  seeds 
are  hard.  The  fruit  can  be  eaten  fresh  or  after 
rehydrntion  of  dried  slic<'s.  The  llesb  has  a  fine 
texture  and  a  taste  close  to  that  of  mushrooms, 
but  sometimes  stronger  or  even  quite  bitter. 
Most  often  the  fruits  are  eaten  grilled,  fried  or 
steamed,  or  stewed  with  other  vegetables,  meat 
or  fiflh,  or  roasted,  braised  in  adiea  and  sea- 
soned with  garhc.  onion,  spices,  sugar,  oil,  soy- 
bean sauce  etc.  The  fine  te.xture  and  taste  go 
together  harmoniously  with  various  vegetables, 
meat,  fish  and  spices,  making  it  a  popular 

vepotahle  in  many  roiinli'ies,  Sajinnins  Jilay  an 
important  role  in  the  development  of  the  rich- 
ness of  the  flavour.  In  South-East  Asia,  the 
fruits  of  certain  cultivars  are  used  raw.  They 
are  also  made  into  pickles  in  vinegar  (Iran. 
Egypt)  or  sweet  jam  (Turkey,  Greece),  and  can 
be  preserved  by  air-drying,  e.g.  Turicish 
(lolma  ,  or  by  freesse-drying,  canning  or  deep 

freezing. 

Eggplant  is  also  widely  used  for  mediemal  pur- 
poses. Various  plant  parts  are  used  in  decoc- 
tion, as  powder  or  ash  for  curing  ailments  such 
as  diabetes,  cholera,  bronchitis,  dj'suna,  dysen- 
tery, otitis,  toothadie,  akin  infections,  asthenia 
and  haemorrhoids.  Eggplant  is  alsn  a-ii  tilx-d 
narcotic,  anti-asthmatic  and  anti-rheumatic 
properties. 

Eggplant  has  magical  uses  in  several  countries. 
It  is  used  as  a  symbol  of  protection,  good  health 
and  female  fertility. 

Fkodnction  and  intenwtUmal  trade  World 
production  of  ocpp'jint  in  2001  was  almost  23 
million  t  from  1.1  million  ha.  Asia  is  the  main 
producer,  in  particular  (Thina  (53%  of  the  world 
production),  India  (28%)  and  Turkey  (1%).  Af- 
rica represents  less  than  4%  of  the  world  pro- 
duction and  area,  well  over  90%  of  it  from 
northern  Africa.  Data  on  eggplant  in  tropical 
.Africa  arc  incomplete,  and  may  include  .\frican 
eggplants  {Solanum  aethiopicum  L.  and  So- 
lanum maerocarpon  L.).  Except  for  the  maiket 
of  northiMii  Europe  that  is  mainly  supplied  by 
production  from  southern  Europe,  most  trade 
in  eggplant  is  nat  lonaL 

Properties  Eggplant  fruits  ocmtain  per  1(X) 
g  edible  portion:  water  92.9  g,  ^ergy  64  kJ  (15 
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kcai),  protein  0.9  g,  fat  0. 1  g,  cnrbohydratc  2.2 
g,  fibre  2.3  g,  Ca  10  mg.  P  16  mg,  Fe  0.3  mg, 
carotene  70  \ig,  thiamin  0.02  mg,  riboflavin 
0  01  m^.  niacin  0  1  mg,  folate  18  ascorbic 
acid  1  mg  (Holland,  B.,  Unwin,  I.D.  &  Buss, 
D.H.,  1991). 

Eggplant  contains  saponin  steroids,  in  particu- 
lar glycoalkaloids;  the  mam  eggplant  glycoal- 
kaloids  are  solasonine  and  solamargine.  It  also 
oontains  sjiponms  without  a  nitrogenous  nu- 
rlrus,  railed  mclongosidr.s.  The  bitter  tnstp  in 
eggplant  is  due  to  these  substances  and  de- 
pends <m  their  conoentration;  in  hi^  conoeii- 
trations.  far  above  the  palatabiHty  threshold, 
they  are  toxic. 

Flavonolds   isolated   from    eggplant  fruits 

showed  potent  anti-oxidant  activity.  They  had 
significant  hypolipidemic  ai'tion  in  normal  and 
cholesterol  fed  rals.  Delphinidin  show  ed  inhibi- 
tory eflfect  on  human  fibrosarcoma  HT-1080 
cell  invasion.  The  anthorynnin  nnsunin.  iso- 
lated from  the  fruit  peel,  can  protect  against 
lipid  peroxidation. 

Adulterations  and  substitutes  In  sauces 
egspltint  can  be  replaced  by  garden  egg  (So- 
laniun  aetkiopicum). 

Description  Annual  herb  to  perennial 
sbinib  to  1  .'lOf— 200)  cm  tall  often  much- 
branched,  with  lung  taproot;  stems  and  leaves 
with  or  without  prickles  and  densely  covered 
with  stellate  hairs  having  8-10  arm.s.  Leaves 
alternate  simple-  stipules  absent  petiole  6—10 
cm  long;  blade  ovate  to  ovate-oblong,  3-25  cm  x 
2-16  cm,  base  rounded  or  cordate,  often  un- 
equal, apex  acute  or  obtuse,  margin  sinuately 
lobed,  densely  hair>'.  Inflorescence  a  1-5- 
flowered  cyme  (flowers  oftexi  soUtary).  Flowers 
bisexual  or  functionally  male,  regular,  r>-%{- 
I0)-merovjs-  pedicel  1 -.'^  cm  long,  up  to  8  cm  in 
fruit;  calyx  campanulate,  lobes  c.  1.5  cm  long, 
enlarging  greatly  and  splitting  in  fruit;  corolla 
campanulate  with  broadly  triangular  lobes 
4  cm  in  diameter,  violet,  rarel}'  white;  stamens 
inserted  near  the  base  of  the  corolla  tube  and 
alternate  with  corolla  lobes,  filaments  short 
and  thick,  anthers  cx)nnivcnt.  yellow  uni  nintr 
by  terminal  pores;  ovary  superior,  li— mauy- 
celled,  style  as  long  as  or  longer  than  stamens, 

stigma  green,  capitate,  lobed.  Fruit  n  ilcpressed 
globose  to  ellipsoid,  ovoid,  obovoid  or  even  ser- 
pentine beny,  2-35  cm  long  (sometimes 
longer),  2-20  cm  broad,  smoothness  and  shini- 
nesB  variable  colour  at  commercial  stage 
white,  green  or  from  pale  violet-puiple  hues  to 
blade,  sometimes  netted  or  striped,  yellow  to 
brown  wh^  ripe,  many-seeded.  Seeds  lenticu- 


Solunum  meloii^eiia  L.  -  flowering  and  fruiting 

ahoot. 

Source:  PR08EA 

lar  to  renifurm,  flattened,  3  mm  x  4  mm,  pale 
brown.  Seedling  with  epigeal  germination; 
cotyledons  up  to  2."  cm  x  1  cm. 

Other  botanical  information  Solannm  com- 
prises over  1000  species  and  includes  major 
food  species.  Solanum  melmgena  belongs  to 
subu'emiK  Lfptosleniomiin  section  Mi'InmrriKt  to 
which  Svlauuin  macrocarpon  also  belongs,  and 
which  have  bisexual  as  well  as  male  flowers. 
Solamiiii  itndongetia  is  partially  interfertile 

with  the  .\frican  cultigens  Sninrnim  nrtJiin- 
piculu  and  Solanum  macrocarpon,  as  well  as 
wild  species  in  various  sections  of  subgenus 

Lpptnsfpnioini  in 

Solcuium  melougena  cultivars  are  so  diverse 
that  thoy  have  been  described  previously  as 
many  different  species,  but  even  clear  separa- 
tion into  cultivar-groups  is  impossible.  In  tropi- 
cal Africa,  Blade  Beaut3r'  is  the  most  popular 
cultivar.  Some  cultivars  are  popular  in  particu- 
lar  countries  e.g.  Rnvnyn'  in  'Jbann  or  'Flor- 
ida Market  in  Burldna  Faso.  The  cultivation  of 
Pi  hybrids  is  not  common,  except  to  some  ex- 
tent for  Fi  Kalendo  .i  Iiiiih-yielding  cultivar 
for  hot  (wet  or  dry)  cl  mint  is  in  West  .\frica 
tolerant  to  bacterial  wilt  and  fruit  anthracnose. 

Growtii  and  development  Germination 
takes  8-12  days  at  the  optimum  range  of  tern- 
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peraturcs  (22-28°C).  The  expansion  of  the  coty- 
ledons takes  fi  fpw  days  and  the  first  true  leaf 
appears  after  nm  wedc.  Dependini^'  mi  the  cul- 
tivar.  tlic  fii  si  flowers  appear  when  the  i^lant 
has  developed  5-12  leaves  (20-30  cm  tall). 
Vegetative  growth  and  flowering  are  thai  con- 
tinuous: after  2  leaves  h;ivc  developed  a  new 
flower  appears  on  each  branch  and  a  new  shoot 
from  the  axil  of  the  leaf  just  below  that  flower. 
In  temperate  (  limalos  eggplant  is  grown  ,'is  an 
nnnuni  in  fropirnl  rlimates  it  is  n  short-lived 
pei-ennial  (up  to  2  years  in  commercial  fields, 
longer  in  home  gardens).  Plant  height  may 
exceed  2  ni  under  tropical  conditions.  Eggplant 
is  autogamous  but  with  a  fairly  high  rate  of 
cross  pollination.  Pollination  is  mostly  by  in- 
sects (mostly  bumble  bees  or  bees  such  as 
Exoiiialupsin).  Fruit  sets  one  week  after  anthe- 
sis,  and  3-6  weeks  are  needed  tu  reach  com- 
mercial ripeness,  dqsmding  on  climatic  condi- 
tions. Fnjits  reach  jihysinlotjirnl  maturity  1.'', 
weeks  after  flowering,  also  depending  on  the 
climate.  Good  fruit  production  periods  alter- 
nate with  i)ci  iods  of  low  production. 

Ecology  Eggplant  develops  bi'st  under  con- 
ditions of  high  temperatures,  abundant  light 
and  ample  water.  Below  20*C  and  above  40'C 

iri-owth  am!  fruit  set  .irc  reducfnl.  Crowth  sfojis 
when  temperatures  drop  below  10— l^^C  and 
frost  kills  the  plants.  Eggplant  is  not  sensitive 
to  daylength.  Hie  adaptation  of  cultivars  to 
specific  environments  is  demnnstrnfod  when 
they  are  cullivuled  outside  the  area  for  which 
they  were  selected.  Tropical  cultivars  grown  in 
a  temperate  climate  often  disiday  slow  vegeta- 
tive growth  and  late  flowermg  and  fruit  set. 
Chinese  and  Japanese  cultivars  present  re- 
markably early  flowering  and  fruit  set,  but 
their  growth  potential  is  rapidly  exhausted  and 
therefore  their  vegetative  development  is 
weaker  tiian  when  grown  elsewhere.  Also,  cul- 
tivars bred  in  winter  in  greenhouses  in  Europe 
often  perform  poorly  under  open  field  condi- 
tions in  summer. 

Under  poor  light  conditions,  combined  with 
ample  suj^lies  of  water  and  nitrov,'en.  eggplant 
IS  susceptible  to  foliar  gigantism  and  ilower 
drop.  Foliate  flowers  and  fasciculate  stems  can 
d<n  clofi  after  exposure  of  the  younp  plants  to 
low-  temperatures.  Irregular  water  supply  dur- 
ing fruiting  disturbs  the  calcium  supply  to  the 
froit  and  results  in  blossom  end  rot  or  related 
sj'mptoms. 

Propagation  and  planting  Seeds  should 
be  extracted  from  fiilly  ripe  fruits  and  should 
be  dried  for  48  hours,  or  longer  if  the  conditions 


are  not  optimum.  During  the  drj'ing  process 
exposure  to  direct  sun  must  be  avoided.  Seed 
should  be  stored  in  dry  and  cold  conditions  (e.g. 
with  some  silica  gel  in  a  sealed  polyethylene 
bag  in  a  refrigerator).  The  1000-seed  weight  is 
about  4  g.  In  some  cultivars,  some  seed  dor- 
mancy may  occur  in  the  weeks  or  months  after 
harvest.  The  easiest  way  to  get  rid  of  it  is  to 
keep  the  dried  seeds  in  a  refrigerator  for  a 
minimum  of  3  weeks. 

Eggplant  ran  he  grown  in  many  ways  dejx'nd- 
ing  on  local  custom  and  facilities:  from  home 
garden  to  commercial  field,  as  sole  crop  or 
intercropped,  in  the  open  field  or  in  green- 
houses. A  common  cultivation  method  is  as 
fellows:  the  seeds  are  sown  in  tmya  or  seed- 
beds, and  seedlings  are  transplanted  in  small 
pots  or  bags  (8-10  cm  ditimeter)  2-3  weeks 
later  when  the  first  leaf  appears.  The  seedlmgs 
are  kept  in  the  nurseiy  till  they  have  developed 
.5-7  leaves  and  are  then  planted  in  the  open  or 
in  a  greenhouse  at  a  spacing  of  50  cm  between 
plants  and  1  m  between  rows.  With  proper 
nurser>'  management  the  seed  requirement  is 
about  300  g/ha,  but  farmers  often  use  more 
The  soil  should  be  light  and  well  prepared.  A 
first  watering  at  the  base  of  each  plant  is  nec- 
essarj-  just  after  planting.  .Afierwards  the  fre- 
quency of  irrigation  depends  on  the  soil  type, 
season  and  cultural  practices. 

Management  Eggplant  is  a  heavy  feeder 
and  It  remains  in  the  field  for  a  relatively  long 
period  of  time.  Therefore,  nutrient  depletion  of 
the  soil  occurs  quiddy  and  for  high  yields  fer- 
tilizer  and  manure  requirements  are  large. 
Fertilizmg  should  be  adapted  to  local  soil  rich- 
ness, rainfall  conditions,  and  tedinieal  skills  of 
the  growers.  Requirements  of  N,  P  and  K  are 
larger  than  for  tomato  The  mineral  exports 
per  1  t  of  fruit  are  N  7  kg,  1'  0.7  kg  and  K  6  kg. 
In  tropical  Africa,  fertilizer  recommendations 
for  intensive  production  may  include  45—50  t  of 
farmyard  manure,  50-300  kg  N,  25-100  kg  P 
and  30-200  kg  K  per  ha.  The  entire  amoimt  of 
farmyard  manure,  P  and  K  are  applied  before 
transplanting  Farmyanl  manure  is  thoroughly 
mi.ved  with  soil  at  ploughing,  whereas  K  and  P 
are  applied  in  furrows  before  or  at  transplant- 
ing. The  X  content  of  the  soil  should  not  be 
excessive,  to  avoid  the  young  eggplant  develop- 
ing excessive  foliage  to  the  detriment  of  fixiit 
production,  Therefore,  N  fertilizers  are  best 
applied  as  a  top  dressing  in  three  equal  doses 
at  6,  10  and  15  weeks  after  transplantmg.  For 
phjrtosanitary  reasons  planting  eggplants  after 
other  Solanaoeous  crops  (e.g.  tomato,  pepper, 
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tobacco)  should  bo  avoided. 
In  intensive  production  in  greenhouses,  prun- 
ing is  practised  in  order  to  reduce  plants  to  2-5 
mnin  stems.  SlakiriK'  is  ilom-  I'ither  vertically 
plunt  by  plant,  or  to  horizontal  wires  along  the 
plant  row.  Staking  is  rarely  practised  in  Africa, 
but  may  be  necessary  under  windy  conditions: 
the  weak  axillary  buds  located  below  the  first 
flower  should  then  be  pruned  to  steady  the 
main  stem.  In  m  rm  iI  open  field  conditions, 
there  is  no  nci  il  lur  st.-ikinp  nnd  pruning. 
Weeding  is  necessary,  in  particular  in  the 
jroung  crop.  Under  dry  oonditionB  irrigation 
shituld  lie  done  ri'euiarly:  in  a  humid  climate 
irrigation  is  oompleinentar\  to  rainfall.  Egg- 
plant reaponda  well  to  drip  irrigation,  which 
decreases  the  weed  population.  A  too  wet  soil 
with  (loor  drainage  increases  the  incidence  of 
diseases. 

Diseases  and  pests  Over  thirty  pathogenic 

aerini  fungi  bnvo  been  described  on  Snianiini 
melongena,  a  third  of  them  being  prevalent. 
Selerotium  rolfsii  (southern  blight)  causes  pro- 
gressive wilting  of  the  foliage,  chlorosis  and 
finally  necrosis.  T'liylophthoni  parasitica  (phy- 
tophthora  blight),  Rliizoctonia  solani  and 
perithecial  strains  of  Fuaanum  »oUmi  can  in- 

vnde  st(MTi  bn.ses,  cniisinsi  dnmping-off  or  bnsal 
stem  rot,  in  particular  m  case  of  waterluggmg, 
or  when  crop  residues  (especially  from  Solana- 
oeous  plants)  are  left  in  the  field.  Phytophlhora 
parnsitirn  cfin  invndc  and  affect  the  fruits  too. 
In  addition,  eggplant  is  affected  by  soil-bome 
diseases  including  PhomopnA  vexans  (stem  and 
fruit  |)yi  iiidial  lot),  to  which  Florida  Market'. 
'Aranguez,  Zebrina'  and  Ceylan  SM164'  are 
resistant.  Other  pycnidial  fungi,  such  as  a  still 
poorly  known  Phoma  species,  can  induce  simi- 
lar but  milder  symptoms.  I'nder  the  hea\y 
rains  of  southern  Cote  d  lvoire  Bolryodiplodia 
theobrotnae  causes  fruit  rot  and  Choanephora 
ruciirbilariiin  and  Pythiuni  apfiaiitdi^riiialiim 
invade  stems  and  branches  causing  wet  rot. 
Alt^emaria  aolani  (early  blight)  is  a  frequent 
pathngen  of  eggplant  eausm^'  leaf  spots.  Fruit 
anlbracnose  is  destructive  on  hnth  sides  of  the 
Atlantic  ocean,  it  is  caused  by  Culletolnchuiu 
gloeosporioides  fsp.  melongmae  in  the  West 
Indies  (where  the  nntiirnl  resen'oir  is  Sniniitini 
torvum  fruits),  and  Collelolrichum  nigrum  and 
Cottetotnchum  eapsici  in  Cote  d'lvoire.  The 
efficiency  in  the  West  Indies  of  the  monogenic 
dominant  resistance  to  anthracnose  of  cultivars 
such  as  Aiunguez  and  Zebrina  has  to  be 
tested  in  Africa;  that  of  Fi  'Kalenda'  has  been 
confirmed.  Powdery  mildew  due  to  LeveiUula 


faurica  or  Oidium  lycnpersicum  is  quite  fre- 
quent in  areas  where  night  temperatures  are 
cool. 

The  most  important  soilborne  disr-nse  is  bacte- 
rial wilt  (Balslonia  aolaiuiceaniin)  causmg 
wilting  of  brandies,  followed  by  wilting  of  the 
whole  plant.  Its  incidence  can  be  reduced  by 
good  rotations;  a  number  of  tropical  accessions 
are  tolerant  or  reaiatant,  e.g.  Ceylan  SM164'. 
Susceptible  cultivars  can  be  grown  if  grafted  on 
resistant  rootstncks  o  <t  those  of  Slnlainiiti  tnr- 
l  it  III,  Solamiiii  aelhiopicHin  Aculeatum  Group 
or  'CTeylan'.  Tomato  hybrid  rootstocks  are  less 
successful  under  tropical  conditions.  Veiti(i!- 
lium  wilt  {V'erticillium  dcthliae),  widespread  in 
temperate  dimatea,  occurs  jn  the  tropios  at 
elevations  above  1000  m.  Where  Fitsarium  wilt 
is  i^resent  (Fitsarium  oxytpomm  f.ap.  melon- 
geiiae),  grafting  on  Sokaium  aethutpieum  Acu- 
leatum Group  is  recommended.  Root-knot 
nematodes  (Melmdogyne  spp  )  mn  provoke 
severe  galling  on  the  root  ^stem  as  well  as 
withering,  wilting  and  severe  growth  reduction 
of  the  aerial  part  of  the  plant.  Eggplant  is 
much  less  susceptible  to  viruses  than  tomato 
and  c^ipsicums:  several  viruses  have  been  iso- 
lated from  eggplants,  but  their  damage  is  lim- 
ited. Eg<x[il;mt  is  susce[)t ihle  to  jihytoplasms 
inducing  either  a  sudden  yellowing  followed  by 
plant  death,  or  the  little  leaf  syndrome. 
Numerous  in.sects  and  mites  attack  eggplant 
under  tropical  conditions,  only  the  most  impor- 
tant ones  bemg  mentioned  here.  Lepidopterous 
flower,  bud  or  stem  borers  attadc  eggplant  in 
.\frica  (c  I,'  Li'itviixnh'fi  itvhiUKilis.  Dunilxi  lais- 
alis,  Scrubipaipa  ergasiina).  Leaves  are  eaten 
by  crickets  and  Epilaekna  flea  beetles,  foHar 
parenchyma  by  Selepa  docilis  and  root  I 
termites.  Biting  and  sucking  insects  im  luiK- 
several  jassid  species,  and  the  eggplant  lacebug 
Corythaiea  eyanffiieoUU  (synonym:  Corythaica 
plntian'.i)  The  aphid  My:ii.t  persirne  fr<  i|ucntly 
attacks  eggplant;  its  proliferation  can  be  stimu- 
lated by  excessive  use  of  fimgicides,  eliminat- 
ing the  li\ |  >ei  p.  n  )site  VerticilUum  lecami 
(synonym:  Ario!il(ihii>inus  aphiduin).  This  em- 
phasizes the  need  lor  Integrated  Pest  Man- 
agement methods.  Two  kinds  of  mites  can  be 
destructive  on  eggplant:  Tclrauyrluis  spp.,  fa- 
voured by  diy  hot  weather  and  water  stress, 
and  the  broad  mite  (Polyphagotarsonemua  kh 
tua),  infecting  flowers  and  inducint^  coiky  spots 
and  streaks  on  fruits,  rather  than  leaf  distor- 
tion as  observed  m  African  eggplants. 
Subtropical  Mediterranean  and  American  cul- 
tivars are  clearly  more  susceptible  to  the  oom- 
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plctc  nrroy  of  pests  nnd  diseases  of  eggplant 
than  landraces  or  improved  cultivars  from 
tropical  countries,  ui  particular  those  from 
South  and  Sout h-h'.ist  Asia 

Harvestiug  iiarvestmg  must  be  done  regu- 
larly, twice  or  three  times  per  week  in  order  to 
harvest  fruits  at  the  proper  conimerri;il  stage, 
avoid  plant  exhaustion  and  maintain  good 
growth  and  production.  The  fruit  stalks  can  be 
removi  <I  w  ith  a  knife  or  secateurs.  To  obtain 
fruits  that  keep  well  it  is  best  to  harvest  at 
dawn  or  in  the  early  morning. 

Yield  The  yield  is  very  variable,  depending 
upon  tiimate,  cultural  practices,  cultivar.  and 
crop  duration.  Under  conditions  of  extensive 
production  (open  field,  lese  than  i^timal  irriga- 
tion and  fertihzation)  it  is  up  to  10  t/ha, 
whereas  under  verj'  intensive  pioduction  in 
greenhouses  (e.g.  in  the  Netherlands)  the  yield 
can  jump  to  370  t/ha.  In  Africa  average  yields 
of  10  5(1  i  /lia  from  open  field  production  of  4-6 
months  are  possible. 

Hancning  after  harvest  Eggplant  fruits  are 
susceptible  to  rapid  dehydration  after  harvest, 
losing  their  colour,  brightness  and  smoothness. 
The  younger  and  the  longer  the  fruits,  the 
more  susceptible  th^  are  to  dehydration. 

Thcrcfdrr  .lulirrpines  must  he  har\'csted  at  the 
proper  de\ «  lojuiienL  stage,  and  must  be  trans- 
ferred rupuii>  from  the  field  to  a  cool  and 
shaded  place.  They  should  be  sold  within  a  few 
days  after  bar\'est  I'nder  controlled  conditions 
firuits  can  be  kept  up  to  10  days;  the  storage 
temperature  should  not  drop  below  15*C  to 
avoid  (did  injui-y 

Genetic  resources  Eggplant  genetic  re- 
sources consist  of  three  genepools.  The  primary 
gw^pool  consists  of  traditional  and  modem 
rulUvars  of  Solaniim  niploitfipna,  the  diversify 
is  important  in  terms  of  fruit  size  (from  some 
tens  of  g  to  over  one  kg),  frtiit  shape  (from  glo- 
bose to  -snake-.shaped,  furrowed  nr  smnoth)  and 
fruit  colour  (white,  green,  pmk  to  violet  or  pur- 
ple or  even  black,  imiform,  striped,  mottled  or 
netted).  The  secondary  genepool  is  formed  by 
some  20  related  Suiamiiii  species  that  nif  rela- 
tively easily  crossable  with  eggplant  and  give 
relatively  fertile  hybrids;  Sofaftum  a^iopieum 
belongs  to  this  genepool  but  the  hybrids,  though 
quite  easily  obtained,  have  verj'  low  fertility. 
The  tertiary-  genepool  consists  of  about  20  other 
Sokmum  apecu^s  that  are  croasabla  widi 
plant  using  pai-tirular  procedures  such  as  em- 
brj'o  rescue  or  oolchicuie  treatment,  and  produce 
interqpedfic  hybrids  of  low  fertiUty;  Solanum 
maerocarpon  belongs  to  this  gen^iool. 


Eggplant  has  suffered  genetic  erosion  where 
hybrids  have  replaced  traditional  and  local 
cultivars.  As  early  as  the  1970s  it  was  classi- 
fied li\  the  International  Board  for  Plant  Ge- 
netic Resources  (IBIHJR,  later  IPGRl)  as  one  of 
the  important  vegetables  for  which  genetic 

resources  should  be  collected  and  c  imserved  In 
cooperation  with  IPGRI,  India  (almost  3000 
accessions)  and  China  (about  1000  accessions) 
have  made  noticeable  efforts  to  colled  and  con- 
sen-e  their  native  eggplant  di\i  isi(y.  Other 
Significant  eggplant  germplasm  collections  in 
Asia  are  maintained  by  the  National  Institute 
of  Agrobiological  Resources.  Japan  and  the 
Asian  Vegetable  Research  and  Development 
Center,  Taiwan.  In  Russia,  the  Vavilov  Insti- 
tute in  St  Petersbuii;  maintains  more  than 
1000  accessions  and  ui  the  I'nited  States  a 
significant  collection  is  kept  in  the  BellsviUe 
Research  Station  of  USDA.  In  the  European 
T'nion  a  network  comprising  seven  countries  is 
regenerating  and  characterizing  their  eggplant 
genetic  resources  (EGGNET  project).  Genetic 
resiiui  i  es  r)f  e^jiiplant  and  related  species  have 
been  larijely  under-utilized  till  now  but  the 
development  of  networks  which  create  belter 
access  to  information  and  seeds  should  stimu- 
late their  use  in  research  and  breeding  pro- 
grammes in  the  near  future. 

Breeding  Eggplant  is  an  autogamous  spe- 
cies, with  a  strong  tendr-niy  to  cross  pollination 
whenever  there  are  ptillinating  itiserts  fmustly 
Hymenoptem).  Therefore  controlled  pollination 
is  necessary  for  the  maintenance  of  pure  lines. 
The  wide  genetic  diversity  in  SdIuiiuih  iik'Ioii- 
gena  germplasm  (e.g.  fruit  traits,  earimess, 
resistance  to  diseases  and  agro-climatic  adap- 
tation) is  more  widely  used  by  breeders  from 
tropical  countries  than  by  those  from  temper- 
ate countries,  where  the  production  and  mar- 
keting are  highly  standardized. 
In  temrierate  countries  the  seed  market  has 
been  dommated  for  more  than  20  years  by  Fi 
hybrids,  adapted  to  the  requirements  of  inten- 
sive production.  For  the  tropical  market,  land- 
races  and  open-pollinated  cultivars  are  lieing 
progressively  replaced  by  Fi  hybrids.  Fi  Kal- 
enda',  co-developed  by  INRA-IRAT  in  1976, 
was  one  of  the  first  hybrids  especially  designed 
for  the  tropics.  It  was  first  commercialized  in 
the  Frendi  West  Indies  and  is  still  grown  in 
Afidca.  It  combines  a  good  yield  of  purple  fruits 
(intermediate  shape),  with  resistance  to  Hal- 
stonia  soloiiacearuin  and  truit  anthracnose. 
In  Europe  as  well  as  in  Asia,  research  is  in 
progress  to  id^tify  and  characterize  new 
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sources  of  resistance  to  bactprinl  wilt  (Ralsto- 
Ilia  solanaceamm),  Verticillium  and  Fusarium 
wilt,  root-knot  nematodes  and  various  viruses 
within  Sohtiiiiifi  i>H'1nii<:;i'ti(i  ot-rmplfism  as 
as  in  related  species.  Several  Asian  Solanuin 
melongena  accessions  as  well  as  accessions  of 
Sohnium  aethiupicum  Aculeatum  Group  and 
Gilo  Group  display  high  levels  of  resistance  to 
bacterial  wilt.  However,  the  efficiency  of  most 
of  rhe  n  sisi iinces  varies  with  the  geographic 
oiiijin  of  the  linrtoria  isolntcs  nnd  furthnr  rr- 
search  is  needed  to  better  understand  these 
interactions.  Open-pollinated  eggplant  culti- 
vars  of  diverse  fruit  shapes,  sizes  and  colours 
were  created  by  INRA  (French  West  Indies)  in 
the  1980fl,  from  recurrent  selection  pro- 
grammes involving  these  intraspecific  and  in- 
terspecific sources  of  resistance.  Testing  of  this 
material  is  still  in  progress. 
Several  vegetable  breeding  companies,  in  par- 
ticular from  Asin  rommerrinlizr  rultivars  of 
different  fruit  types  which  are  adapted  to  the 
climatic  and  patiiological  conditions  of  the  trop- 
ics (e.g.  East  West  Seed  Company  from  Thai- 
land and  Tropicasem  from  Senegal).  In  Tanza- 
nia the  AVRDC  Regional  Center  for  Alrica  also 
created  a  number  of  improved  lines  of  egg- 
plant. 

The  creation  of  transgenic  eggplants  for  resis- 
tance to  insects  and  abiotic  stress  factors  is 
actively  pursued  in  many  countries.  The  cmer- 

ponro  nf  trnnsgrnir  rultivars  ran  he  export od  in 
a  short  time,  though  their  superiority  over  con- 
ventionally bred  cultivars  remains  to  be  dem- 
onstrated. 

Prospects  Eggplant  has  good  prospects  m 
tropical  Africa.  Related  Solemum  species  con- 
stitute a  rich  potential  of  genetic  diversity. 
Their  chararteriyation  for  tropical  pests  nnd 
diseases  is  highly  desirable.  The  recent  publi- 
cation of  the  first  eggplant  molecular  map, 
usinp  niarkrrs  nlrc.iily  locnted  on  the  tomato 
genome,  has  shown  that  there  is  a  lot  of 
synteny  between  eggplant  and  tomato.  This 
means  that  a  great  part  of  the  knowledge  of 
tomato  genetics  cduld  he  used  in  eggplant 
breeding,  and  that  molecular  tools  will  proba- 
bly soon  be  used.  However,  field  experimenta- 
tion remains  the  ultimate  and  the  most  dis- 
criminating breeding  tool  for  creating  good 
cultivars. 
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SOTJVNUM  SCABRUM  Mill. 

Protologue  Gard.  diet.  ed.  8:  Solanum  No  6 

(1768). 
Family  Solanaoeae 

Chromosome  number  2n  -  72 

Synonyms  Sotauuin  giiineeiiae  (L.)  \Iill. 
(1768),  Solamim  nigrum  auct.  non  L. 

Vernacular  names  .\friran  nightshade, 
black  nijiht shade,  garden  hurklobern,'  (En). 
Morelle  de  Guinee,  morelle  noire  (Fr).  Erva 
moura  (Po).  Mnavu  (Sw). 

Origin  and  geographic  distribution  Snia- 
mtin  acabrum  occurs  as  a  cultivated  vegetable 
from  Liberia  to  Ethiopia,  and  south  to  Mozam- 
biqij  II 'I  South  .Africa.  It  is  veiy  common  in 
lowland  as  well  as  highland  regions  in  West 
and  East  Africa.  It  is  also  reported  from  Reun- 
ion and  may  well  occur  on  other  Indian  Ocean 
island.s,  where  it  -  si  if  us  m  <  ils  to  bo  confirmed. 
The  wide  ranw  ot  diversity  of  Solamtin 
9cabmm  finmd  especially  in  Nigeria  and  Cam- 
eroon, suggests  that  its  origin  is  likely  to  be  in 
the  warm  humid  forest  belt  of  West  and  Cen- 
tral .\frica.  Outside  Africa,  Solanum  scabivm 
can  be  found  in  Europe,  Asia  O^dia,  China  and 
the  Philippines),  Australia,   New  Zealand, 
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Solcamm  aeabmm  -  plcuited 
North  America  and  the  Caribbean. 

Uses  I,onvr-.<  nnH  fivsh  shoots  of  Solajiinn 
acabrum  are  widel>'  used  as  a  cooked  vegetable. 
Th^  are  served  with  com  'fufu',  plantains, 
sweet  potatoes,  potatoes,  yams,  maize  or 
pounded  coooyfims.  Snliititnii  sr<ibniin  is  popu- 
lar in  Cote  dlvoire  (known  as  louel ),  Benin 
fogomoh'),  Nigeria  Cogunmo'  or  'odu')  and 
( 'nmoroon  ('os;in  or  '/om').  As  i1  has  a  hittrr 
laste,  some  people  pivler  not  to  use  salt.  Con- 
traxy  to  what  is  reported  in  older  literature, 
fruits  of  Solannin  .Hcabnim  arc  not  oafon  in 
Afirica.  Reports  on  its  odihio  fruit  from  South 
Afirica  probably  refer  to  Solanum  relrojlexuin 
Dunal,  and  from  North  America,  Asia,  Austra- 
lia and  Xew  Zealand  refer  to  types  or  cultivar- 
groups  that  do  not  occur  in  Africa.  In  south- 
western Nigeria  the  inflorescence  with  buds, 
flowers  and  small  fruits  is  normally  n  mov*  d 

before  mokintj"  it  ran  he  veiy  hitter  in  taste  hut 
this  IS  appreciated  by  elderly  people  who  may 
add  thmn  to  th^  soup.  Bitterness  is  reduced 
by  discardnig  tlie  cooking  water  and  replnrinp 
it  with  fresh  water.  The  cooking  water  may  be 
very  dark,  whidi  is  not  appreciated.  Some  peo- 
ple add  milk  or  salt  to  further  reduce  the  bit- 
terness. 

Solanuiii  scubruiii  is  widely  used  as  medicinal 
plant.  Leaf  extracts  are  used  to  treat  diarriioea 
in  children  and  eertain  oyo  infections  and 
jaundice,  in  Bast  Africa  the  raw  frtiit  is  chewed 
and  swallowed  to  treat  stomadi  ulcers  or  stom- 
ach-ache. Infusions  <rf  leaves  and  seeds  are 
rubbed  onto  the  pums  of  children  who  have 
developed  crooked  teeth.  In  the  literature 
many  other  medicinal  uses  for  Solaimm  species 
with  black  fruits  have  been  recorded,  but  it  is 


not  likely  that  these  refer  to  Solanum  scahrttm. 
Solanum  acabrum  is  used  as  fodder  for  cattle 
and  goats.  Both  the  leaves  and  fruits  are  a 
source  of  dyes  The  anthocyanni  pigments  in 
the  purple  to  black  fruits  are  used  as  a  d>e  or 
as  a  kind  of  ink. 

Production  and  international  teade  Sola- 
num acabrum  is  communis'  cultivated  on 
smallholder  plots,  in  kitchen  gardens  and  in- 
creasingly near  the  major  dties  for  maiket 
supply.  Xo  reliable  stntistirs  on  production  are 
available.  It  is  one  of  the  most  important  leafy 
vegetables  in  West  and  especially  Central  Af- 
rica, less  impoi  tant  in  East  Africa.  The  crop  is 
exported  from  Cameroon  to  Nigeria  and  Gabon. 
Yaounde  retail  price  statistics  show  that  So- 
lanum acabrum  prices  are  lowest  from  May  to 
October  and  rise  to  a  peak  price  towards  the 
begmning  of  the  rainy  season  in  March.  The 
price  per  bundle  remoins  constant,  but  the 
quantity  and  quality  per  bundle  vaiy  consid- 
erably. 

Properties  The  composition  of  100  g  edible 
portion  of  African  nightshade  leaves  is:  water 

87  8  g.  energ\'  183  kJ  (39  kcal).  protein  3.2  g. 
fat  1.0  g,  carbohydrate  6.4  g,  fibre  2.2  g,  Ca  200 
mg,  P  64  mg,  Fe  0.3  mg,  p-carot^e  3.7  mg, 

asciii'liic  .-iriil  li  I  m<:  (Leiin<i,  W.-T.W..  P.usson, 
F.  &  Jardin,  C,  iy(i8).  The  dry  matter  content 
varies  greatly,  from  6-18  %  depending  on  plant 
ago,  .soil  moisture  and  fertilizing.  The  protnn  is 

rich  m  methionine 

Green  fruits  contam  comparatively  high 
amounts  of  the  glycoalkaloid  solsnine  and  the 
less  poisonous  solanidine  The  initial  efGect  of 
solonine  poisonmg  includes  diarrhoea  and 
vomiting,  and  ft«quent  consumption  of  this 
compound  may  lead  to  accumulation  in  the 
liver  cnusinp  Hi/ziness,  mentnl  confusion  and 
loss  of  speech,  and  it  can  even  result  in  blind- 
ness. The  leaves  ocmtain  only  low  levels  of 

these  nlknloids,  which  are  probably  .nssocinted 
with  tis  bitter  taste.  Unfortunately,  heating  or 
frying  will  not  reduce  the  toxic  effects  of  so- 
hinuie  and  solanidine,  The  acceptable  limit  for 
these  jilkaloids  is  L'fl  mg  jier  H)(>  g  fresh  weight 
of  the  edible  portion.  Most  research  stations  in 
Africa  have  no  facilities  to  analjrse  these  alka- 
loids m(\  .ii'e  thus  not  nble  to  screen  accessions 
for  this  important  characteristic.  The  degree  of 
bitterness  is  easier  to  estabHsh,  and  research  is 
currently  ongoing  to  determine  how  the  gly- 
coalkaloids  relate  to  bitterness. 

Adulterations  and  substitutes  In  dishes 
Solanum  aeabmm  leaves  can  be  replaced  by 
those  of  other  species  of  the  section  Solanum, 
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e.g.  Solanum  americaunm  Mill,  or  Solamim 
villosum  Mill,  with  a  comparable  taste  and 
bitterness  imd  sometimes  also  by  Sokumm 
aelhiopicum  L.  or  Solcuium  maeroearpm.  L. 
leaves, 

Deaciiptioii  Annual  or  diort-lived  perennial 

herb,  erect  and  widely  spre.idinK  u])  to  inO(- 
150)  cm  tall,  unarmed;  stem  rounded  or  nar- 
rowly winged  with  more  or  less  toothed  wings, 
glabrous  or  sparsely  pubescent,  young  si(>m 
more  or  loss  pubosront  with  short,  simple 
hairs.  Leaves  arranged  spirally,  sometimes 
almost  opposite,  simple;  stipules  absent;  petiole 
2-10  cm  long:  blade  rhomboid  to  ovate- 
lanoeoiate,  up  to  4.5-22  cm  x  3-16  cm,  cuneate 
at  base  and  deeurrent  along  the  petiole,  acute 
to  acuminate  at  apex,  sometimes  obt  use,  entire 
to  sinuate  or  sli^ihtly  tuuthed  ijlabrous  or 
sparsely  pubescent.  Inflorescence  an  extra- 
axillary,  umbel-like  cyme,  3-10(-12)-flowered; 
peduncle  1-2. .5  mi  long,  elongnlinp  up  to  1  cm 
in  fruit.  Flowers  bisexual,  regular,  5-merous; 
pedicel  4-9  mm  long,  elongating  to  12  mm  in 
firuit  I  n  I  I  or  nodding;  calyx  cup-shaped.  2-4. o 
mm  long,  lobes  triangular,  becoming  letlexed 
in  fruit;  corolla  stellate,  7—16  mm  m  diameter, 
white  or  flushed  purple  with  basal  yellow- 


Solwmm  scabnim     1,  flowermg  and  fruiting 

branch;  2,  infmcleacence. 

Redrawn  and  adapted  by  Aehmad  Satiri  Nur- 

haman 


green  star,  lobes  ovnto-clliptical,  3-6  mm  long; 
stamens  inserted  on  corolla  throat,  filaments  c. 
1  mm  long,  with  hairs  on  inner  side,  anthers 
connivent.  2-^  mm  long,  usually  brown -yellow 
openmg  by  terminal  pores;  ovarj'  superior, 
conical  to  ovoid,  c.  1.5  mm  long,  style  3-4.5  mm 
long,  hairy  in  the  lower  part,  stigma  capitate 
pale  green.  Fruit  a  globose  liern  10-16  mm  in 
diameter,  glossy  deeply  purpl.-  to  purplish 
black  at  mat urity,  many-si  i  ;  i  St  ids  di8C»id, 
2-'.i  mm  long,  rronmy  coloured,  often  tinged 
with  purple.  Seedling  with  epigeal  germma- 
tion;  hj^poootyl  4—5  mm  long;  cotyledons  leafy, 
elhpt ic.'il    l-r.  mm  ■  LI-:'  mm 

Other  botanical  information  Solaiium 
aeabrum  belongs  to  the  subgenus  Solanum  and 
section  Solanum,  formerly  known  as  section 
Mattrelht  or  section  or  subsection  Morella. 
Currently  about  30  species  are  mcluded  in  this 
section  of  which  10-12  are  known  to  occur  in 

•Africa.  R(^search  is  si  ill  needed  to  belter  under- 
stand the  species  within  section  Solanum  and 
their  diversity.  In  Afiica  the  name  Solatium 
nigrum  is  often  used  for  almost  all  species  of 
section  Sniaiiiini  with  blackish  fruits,  including 
Suluiiuiii  scubmiii.  This  confusion  is  probably 
aggravated  by  the  use  of  vernacular  names 

whereby  one  name  ran  apply  to  several  species, 
or  several  names  to  the  same  species.  Solatium 
$ctU>rum  is  often  confused  with  Solanum 
americanum,  but  more  sloider  stems,  nar- 
rower loaves  and  smaUer  flowers  and  fruits 
distinguish  the  latter. 

Growth  and  development  Seed  germina- 
tion can  be  problematic  because  of  low  vigour 
caused  by  improper  seed  extraction  and  there- 
fore inadequate  removal  of  sugars  and  germi- 
nation inhibitors  present  in  the  fruit.  Other 

causes  of  problemntir  germination  are  that 
seeds  are  not  dried  and  stored  properly,  or  that 
the  seed  is  dormant.  The  seeds  can  remain 
viable  for  several  years  w  hen  kept  drj-  and  cool. 
After  seed  emergence,  growth  is  fast.  The  ^st 
flowers  appear  8-1 1  weeks  after  sowing. 
Flowering  occurs  earlier  when  the  seeds  are 
sown  directly  than  when  seedlings  are  trans- 
planted. The  plant  continues  to  produce  new 
flowers  for  several  months.  The  flowers  are 
mainly  .self-pollinated.  Solanum  .irabriitn  has 
low  levels  of  out-crossing,  which  is  mainly  done 
by  honeybees,  bumble  bees  and  black  syrphid 
flies 

Ecology  The  optimum  temperature  for  seed 
germination  is  lo-SO^C  and  for  grow  th  it  is  20— 
30*C.  Solanum  aeabrum  grows  from  sea-level 
to  well  over  2000  m  but  does  not  tolerate  night 
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frost.  The  rainfall  during  the  growing  season 
should  be  at  least  500  mm;  it  grows  well  under 
conditions  with  much  higher  rainfall  but  then 
becomes  susceptible  to  leaf  diseases.  It  prefers 
fertile  soils,  with  high  nitrogen  content  and 
ridi  in  organic  matter.  Sandy  loams  to  finable 
clay  soils  with  a  pH  of  6.0-6.5  are  suitable  The 
plants  tolerate  some  shade,  but  grow  better 
when  exposed  to  full  sun  as  long  as  they  have 
adequate  access  to  water. 

Propagation  and  planting  Propngnfion  of 
Solanum  scubmin  is  by  seed  and,  less  com- 
monly, by  cuttings.  Most  farmers  produce  their 
own  seed  and  some  buy  their  seed  or  seedlings 
from  speciahzed  producers.  For  a  subsistence 
crop  seeds  are  sown  directly  at  the  beginning  of 
the  rainy  season,  There  are  about  lOOH  si  eds 
per  g.  A  few  (3-10)  seeds  are  used  pei-  iioK' 
when  sown  among  other  crops  in  an  intercrop- 
ping system.  The  strongest  plants  are  kept  and 

the  nther^^  n  moved  n.'i  the  first  harv-est  or  for 
transpiantmg.  Direct  sowing  during  the  wet 
season  results  in  taller  plants  and,  when  there 
is  adequate  room,  in  more  and  larger  leaves 
and  branches  and  higher  dry  matter  cont^t 
than  with  transplanting. 
Sowing  in  nurseries  and  transplanting  is  nor^ 

mally  practised  when  the  crop  is  cultivated 
commercially.  The  seed  can  be  mixed  with  ash, 
sand,  soil,  or  dry  poultry  manure  before  broad* 
casting  to  spread  the  fine  seeds  evenly.  The 
nurserj'  requires  manure  for  a  good  emergence 
of  seedlings.  Seeds  are  sown  m  lines  10-20  cm 
apart  or  seeds  are  broadcast.  The  soil  of  the 
nursen,'  bed  should  he  loosened  to  facalitate 
rooting.  After  sowing,  the  beds  should  be  cov- 
ered with  a  thin  layer  of  soil,  which  also  helps 
to  prevent  ants  irom  carrying  off  the  .seeds. 
Sometimr.'i  the  weed  vogotntion  in  the  field  is 
burnt  to  provide  a  layer  of  ash  that  is  rich  in 
nutrients^  especially  potash,  and  also  to  kill 
snil-homo  pathogens  and  weeds  Transplanting 
takes  place  1-6  weeks  later,  depending  on  pre- 
vailing temperatures,  when  the  seedlings  are 
at  least  6-8  cm  tall  and  have  5-6  true  leaves, 
but  are  not  more  than  15  cm  tall  to  avoid  weak 
and  thin  plants.  The  seedlings  are  selected  for 
their  strength  and  freedom  from  diseases  and 
]?l.inted  late  in  the  aftemonn  or  early  in  the 
morning.  Adequate  water  is  needeil  just  before 
and  immediately  after  transplanting  since 
roots  are  sensitive  to  drought. 
When  propagation  by  cuttings  is  practised, 
cuttings  of  20-30  cm  long  are  taken  from  the 
main  stem  and  are  trimmed  before  they  are 
inserted  into  the  soil.  The  spacing  is  40  cm  x  40 


cm  or  even  40  cm  x  60  cm,  considering  that 
plants  may  reach  1  m  in  height  (if  not 
trimmed).  The  advantage  of  this  propagation 
method  is  that  tln'  first  harvest  can  start  early 
(3—1  weeks  after  planting).  However,  the  total 
3rield  is  lower  than  from  transplanted  seedlings 
or  from  plants  sown  directly. 
Usually  farmers  use  sole  cropping.  The  spacing 
may  differ,  depending  on  cultivar  and  season. 
It  is  usually  wider  during  the  rainy  season, 
when  \-eni ilni ion  is  required  to  reduce  the  inci- 
dence of  diseases.  Spacmg  is  normally  between 
15-25  cm  X  15-40  cm.  A  wider  spacing  is  used 
when  the  cro|)  is  to  be  kept  for  a  long  period, 
encouraging  stronger  branches  and  an  ex- 
tended harvest  period  for  whidi  additional 
fertihzing  is  needed.  Branching  is  stronger  at  a 
wider  spacing,  making  up  for  the  lower  number 
of  plants.  Close  planting  is  mainly  used  when 
the  growing  season  is  expected  to  be  short  or 

with  once-over  harvesting 

Management  Daii^'  irrigation  is  necessary' 
for  the  first  week  after  transplanting,  espe- 
cially during  the  dry  season.  The  irrigation 
frequency'  can  later  be  reduced  to  two  or  three 
times  per  week,  depending  on  temperatures, 
doud  cover  or  possible  rains.  Watering  can  be 

cvirried  out  through  the  paths  between  raised 
beds  or  by  using  a  hose  or  a  walermg  can. 
Overhead  irrigation  is  less  ai^pi  upriate  because 
of  the  potential  .spread  of  foliar  diseases.  Weed- 
ing is  needril  during  the  early  stages  of  devel- 
opment. Nightshades  require  large  amounts  of 
nitrogra  and  other  nutrients.  Consequently, 
they  do  well  in  soils  that  are  rich  in  organic 
matter,  and  also  grow  well  on  land  covered 
with  ash  from  recently  burnt  vegetation. 
Farmers  use  NPK  20-10-10,  urea  or  ammo- 
nium sulphate  when  there  is  no  pnultr>-  or 
farmyard  manure  available.  Poultry  manure  is 
recommended  at  a  rate  of  15  t/ha  alone  or  in 
combination  with  100  kg/lia  NPK  10-10-20. 
Side  dressing  is  practised  after  every  second 
harvest.  However,  high  nitrogen  levels  reduce 
the  dry  matter  content  of  the  plants  and  make 
the  crop  more  vulnerable  to  diseases  unless  the 
balance  with  potassium  is  correct.  They  also 
increase  the  level  of  unwanted  nitrates  in  the 

leaves. 

Diseases  and  pests  Many  pests  and  patho- 
gens of  tomato  also  occur  in  Sokamm  seabmm. 
A  inajo)'  disease  of  African  nightshades  gro^^n 
in  the  w  et  season  of  tropical  highlands  is  late 
blight,  caused  by  Phylophthom  infesiaiis.  Yield 
losses  of  up  to  100%  have  been  reported  for 
susceptible  cultivars  in  tiie  nursery  and  up  to 
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45%  in  the  field.  Control  is  possible  with  three- 
weekly  sprays  of  metalaxyl  +  mancozeb  (Ri- 
domil  MZ,  2.5  kg/ha).  Some  Solantun  aeabmm 
cultivars  in  CfimeriKin  twe  resistjint  to  late 
blight.  Another  important  disease  is  early 
bli^t  (Altemaria  aolani),  whidi  occurs  more  in 
lowlmd  regions.  Other  diseases  include  grey- 
ish-green leaf  mould  (Cladosporiu  iii  ox- 
ysponiin).  eye  spoi  (Ceicospom  nigresccii.s). 
powdery  mildew  (Li  vi'iUuta  tmirica),  bacterial 
wilt  {Ral.stoiiid  .soldiinreani III)  nnd  root-knnt 
nematodes  {Meloidogyne  spp,).  Bacterial  wilt 
has  been  recorded  in  Kenya  and  Tanzania. 
Prominent  viral  diseases  are  yellow-vein  virus 
(observed  in  Cameroon  and  Nigeria),  probably 
transmitted  whitefly  (Bemuia  teAaei),  and 
leaf  curl  and  leaf  mosaic  viruses. 
Common  insect  pests  are  black  ants  elephant 
grasshopper  {Zoiiocerus  l  ariegatua)  and  beetles 
{Lagna  spp.,  Podagriea  spp.  and  Epilaehux 

hirln)  Inspil  [it'sts  th;il  arc-  orcasionnlly  en- 
countered include  Cletus  and  Bathycoela  spe- 
cies (Heteroptera)  and  larvae  of  an  unidentified 
lepidopterous  species.  Black  aphids  (.Aiihis  fa- 
bae)  l  aust'  leaf  curl.  A  traditional  cure  for  pests 
IS  wood  ash  spread  onto  the  leaves.  Insect  prob- 
lems can  generally  be  controlled  with  deltame- 
thrin  spirays.  Some  t-onsumers  in  Cameroon 
regard  msect  damage  on  leaves  as  proof  that 
insecticides  have  not  heen  applied. 

Harvesting  Tt  takes  about  4-6  weeks  from 
transplanting  to  the  first  hnr\"est  for  Snfaniini 
scabmin,  when  stems  are  cut  down  to  about  15 
cm  firom  the  ground^  allowing  new  side  shoots 
to  develop.  The  length  of  har\'ested  shoot  var- 
ies from  15-50  cm,  depending  on  the  cultivar. 
Further  harvests  take  place  at  7—14  day  inter- 
vals, on  average  3-fj  times/plant  if  there  is  no 
additional  manure  or  fertilizer,  but  larBc-scale 
commercial  farmers  will  harvest  up  to  10 
times. 

Yield  Optimum  yields  are  obtained  during 
the  third  or  fourth  harvest,  which  is  about  two 
months  after  planting.  Yields  of  7-27  t/ha  are 
reported  per  harvest.  Yields  (l<  (  Iini'  signifi- 
cantly after  the  sixth  harvest  unless  adequate 
fertilizer  is  applied.  Cumulative  yields  may 
readi  40  t/ha. 

Handling  after  harvest  The  pmHure  is  tied 
in  bundles  and  sent  to  the  market,  where  trad- 
ers will  split  those  bundles  into  smaller  retail 
units.  It  is  important  to  place  the  bundled  m  .m 
upright  position,  especially  when  the  time  be- 
tween hai-vestmg  and  the  final  sale  is  more 
than  six  hours.  If  long  stems  are  laid  down 
borizcmtally,  their  heads  are  likely  to  turn  up- 


wards, making  them  less  attractive.  Traders  at 
the  market  sprinkle  some  water  on  the  leaves 
to  keep  Uiem  fipesh.  Harvested  plants  with 
their  rnnt<  still  attached  need  to  be  cleaned 
thoroughly.  When  they  are  placed  in  a  bucket 
with  water,  they  will  remain  fresh  for  a  much 
I  time  than  the  sheets  .alone. 

Genetic  resources  At  present  all  African 
nightshades  are  grown  &om  local  cultivars, 
and  there  is  no  danger  of  genetic  erosion.  Be- 
sides Snlnniiiii  arabruin  occurs  in  many  differ- 
ent countries.  The  largest  germplasm  collection 
is  maintained  at  the  University  of  Dsdiang, 
{^.aniereen  Another  substantial  collection  is 
maintamed  at  the  Botanical  Garden  of  Ni- 
jmegen  University  (Netherlands),  and  a  small 
collection  of  local  cultivars  is  maintained  at 
XIIInRT.  Ibadan.  Nigeria 

Breeding  Solanuin  scabiuin  and  other  Afri- 
can   nightshades   are   predominantly  self- 

pollm.-il  in<x,  although  there  are  differences 
among  species.  In  breeding,  the  absence  of  a 
self-incompatibility  system  is  useful  in  stabiliz- 
ing any  crossings  made,  whereby  the  new 
population  will  be  sufficiently  uniform  after 
only  2—3  generations.  Cultivars  can  thus  be 
created  within  a  short  period.  Seed  crops 
.should  be  planted  in  blodss  nnd  not  in  lines; 
the  outer  rows  should  be  discarded  and  fruits 
only  collected  from  die  inside  of  the  block  be- 
cause pollinating  insects  may  cause  some 
cross-fertilization.  For  a  seed  crop  the  planting 
distance  should  be  50-100  cm  x  50-100  cm, 
depending  on  the  cultivar.  Interspecific  crosses 
of  Solamiin  scabmin  with  St>hiiiiiin  imirrorar- 
poii  or  Solauum  aethiopicuin  produced  mature 
fruits  but  no  viable  seed. 

Prospects  It  is  worth  promoting  Solauum 
scahniin  as  it  is  an  exrellmt  leaf  vrget.ihl(^  and 
a  major  source  of  mcome  for  many  vegetable 
farmers  and  tradets  in  uxban  and  rural  areas. 
Selection  and  brooding  of  improved  cultivars 
with  high  growth  vigour,  strong  resistance  to 
pests  and  diseases  and  good  consumer  quality 
should  be  enhanced. 

Major  references  Edmonds,  J.M.  & 
Chweya,  J.A.,  19537;  Maundu,  P.M.,  Ngugi, 
G.W.  &  Kabuye,  C.H.S.,  1999;  Schippers,  RR, 

2000:  Stevrls,  J.M.C  ,  1990. 

Other  references  Ambomo,  D.L.P.,  2001; 
Berinyuy,  J.E.,  Pontem,  D.A.,  Pocho,  D.A  & 
.S<hippers,  K.K,.  2002:  Bukenya,  Z.R..  199-3: 
Dupriez,  H.  &  De  Leener.  P.,  1989;  FAO.  1988; 
Francis,  K.J.  &  Hurborne,  J.B.,  1966;  Kokwaro, 
J.O.,  1993;  Leung,  W.-T.W..  Busson,  F.  &  Jar- 
din,  C,  1968;  Martin,  F.W.  &  RubertS,  RM., 
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1975;  Nchotu.  A.,  2001;  Nchu,  W.A.,  2001; 
Neleyo,  I..  2000;  Nkengaka,  P..  1999;  Xsi,  N.H.. 
1998;  Omidiji,  M.O..  1979;  Koddick,  J.G.,  1986; 
Schippers,  R.R.  &  Fereday,  K.  (Editors),  1998; 
Tiomo,  B.,  1998;  Watt,  J.M.  &  Breyer- 
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Sources  of  illuBtration  Stevels,  J.M.C., 
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SOLANUM  SCHUMANNIANUM  Dammer 

Protologue  Engl.,  Pflanzeuw.  Ost-Afrikas 
C:  362  (1895). 

Family  Solanaceae 

Origin  and  geographic  distribution  Sofa- 
num  Schumann ianiun  is  only  knuwn  I'rum 
mountainous  areas  in  Kenya  and  Tanzania. 

Usps  Yoiinp  and  mature  fruits  of  Sninntiin 
achumaitnia-iium  are  eaten  cooked  as  a  vogot  n- 
ble,  mixed  with  other  vefretables  audi  as  peas, 
beans  or  amaranth  to  lni|ir  their  flavour. 
They  are  also  eaten  raw.  Fruits  are  offered  for 
sale  on  local  markets  in  Tanzania,  and  dried 
and  pounded  fruits  are  stored  as  powder.  Juice 
of  a  mixture  of  pounded  fruits  onion  an<l  lemon 
is  used  as  a  substitute  fur  vinegar.  A  decoction 
of  pounded  fruits  is  used  as  a  remedy  ibr  con- 
stipation  and   intestinal  worms.  Snldinnn 

schinnniinininiin  is  also  used  for  fodder  and  for 
hedge  and  boundary  plantmg. 
Botany  Erect  perennial  herb  or  dirub  up  to 

3. .5  m  tall;  stem  and  branches  densely  oivered 
with  soft,  purple  bristles  up  to  8  mm  long. 
Leaves  arranged  spirally,  simple;  petiole  c.  3 
cm  loi^,  bristly;  blade  elliptical,  6-26  cm  x  2-8 
rm  base  runonto  apex  aruminafe  marpin  rn- 
lire,  glabrous  when  mature.  Inflorescence  an 
apparently  terminal,  many-flowered  ooiymbose 
cyme;  peduncle  up  to  10  cm  lonp,  sometimes 
mealy  hair}'.  Flowers  bisexual,  5-merous,  pen- 
dent; calyx  cup-shaped;  corolla  rotate,  c.  12  mm 
in  diameter,  with  reflexed  lobes,  white,  cream 
or  mauve,  turning  brown  before  fallint?.  Fruit  a 
globose  berry  6—8  mm  in  diameter,  in  dense 
bundles,  shiny  green,  turning  jrellow  and  fi- 
nally dark  red  at  mntiirity. 
Solamiin  achumaiinianuin  belongs  to  subgenus 
L^tostemmmm,  together  with  e.g.  Solafmm 
anffiivi  ham.,  Solaiium  aitoitiahnn  Thonn  and 
Solaniun  iorntiii  Sw.,  the  fruits  of  which  are 
also  eaten  as  vegetable. 

Beologjr  Solanum  aehumtmnumum  occurs 
in  dense,  evergreen  and  wet  montane  forest,  in 


open  Rlades  and  around  water  holes  in  forest 
areas,  in  moist  forest  remnants,  in  disturbed 
forest  edges  and  is  locally  common  in  dry  mon- 
tane forest  at  1.300-2700  ,n  altitude 

Management  Solaimiit  schiimaunianuiit  is 
usually  collected  from  the  wild  in  the  rainy 
season.  Sometimes  it  is  also  cultivated  near 
houses. 

Genetic  resources  and  breeding  Solcaium 

schiiiiumuianiim  has  a  limited  distribution, 
although  it  is  locally  common.  Germplasm  col- 
lection 18  recommended. 

Prospeeta  Solanum  aehumannianum  will 
remain  a  minor  fruit  vegetable  of  local  impor- 
tance only  in  Kenya  and  Tanzania. 

Major  referenoM  Beentje,  H.J.,  1994b; 
Kuffo,  C.K..  Bimie,  A-  &  Tengniis,  B.,  2002. 

Other  references  D'Arcy,  W.G.,  1979; 
Whalen,  M.D.,  1984. 

Authors  P.C.M.  Jansen 


Solanum  TARDEREMOTUM  Bitter 

Protologue  1  .  tides  Repert.  10:  547  (1912). 
Family  Solanaceae 
Cluromosome  number  2n  =  48 

Synonyms  Snianiiiu  ridon'liiiiiii  in  auct., 
Solanum  eldorelii  auct.,  Solanum  nigrum  auct. 
non  L. 

Vernacular  names  Black  nightshade.  .Afri- 
can nightshade,  Eldorets  niphtshade  (En).  .\lo- 
relle  noire  (Fr).  Erva  moura  (Po>.  iXhiavu  (Sw). 

Origin  and  geographic  distribution  Sola- 
tnnn  lanlenntiotuiit  is  indigenous  in  r^ntral 
and  East  Africa  and  is  found  in  OR  Congo, 
Rwanda,  Burundi,  Ethiopia,  Kenya.  Uganda 
and  Tanzania.  .As  a  cultivated  ve^'ctnlili  ii  is 
only  known  from  a  limited  area  m  hifjhhmii 
regions  in  Western  and  Central  Province,  Kifl 
Vall^  and  the  south-western  highlands  in 
Kenya  and  in  northern  Tnnrania  bordering 
these  regions.  Its  occurrence  was  recently  con- 
firmed in  the  Mt  Mem  area  of  Tanzania,  and 
plant  populations  found  in  south-western  Tan- 
zania may  also  belong  to  this  species  The  pur- 
ple-fruited types  found  in  the  wild  possibly 
represent  the  ancestor  of  the  cultivated  plants, 

which  often  have  Inrjjer  ^ncn  fruits 

Uses  Leaves  and  young  tender  shoots  of  So- 
lanum  tardermnotum  are  cooked  and  used  as 
spinadi  or  fried  directly  wnlinui  boiling, 
mainly  as  accompaniment  to  the  local  staple 
food.  Fruits  are  removed  and  milk  is  usually 
added  to  the  cooked  leaves  and  left  overnight  to 
reduce  bitterness.  The  leaves  may  be  mixed 
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SoUumm  tarderemotum  -  wUd  and  planted 

with  other  leafy  vegetables  (e.g.  amaranth)  to 

enhanrp  their  ji.-il.ntability.  The  i>urplc-friiitpd 
types  are  usuallj'  more  bitter  than  green- 
fruited  ones.  Children  often  eat  ripe  fruits  of 
the  green-fruited  types  raw. 
Infusions  of  Ifjives  roots  and  yourii;  fruits  are 
used  medicinally  to  treat  duodenal  ulcers, 
stomadi  upsets,  bdlls,  swollen  glands  and 

Ifolhinp  problems.  Cookrd  Solannm  /(//r/c/c- 
inolum  is  recommended  for  malana  patients. 
The  plants  are  used  as  fodder  when  there  is  no 
mnrkol  for  (ho  frosh  produce. 

Production  and  international  trade  Sola- 
it  u  in  tardeiemoluni  used  to  be  mainly  grown  in 
kitchen  gardens  in  mixed  stands  together  with 
other  veget;ibli's,  It  is  also  picked  from  the 
wild.  Of  late  there  is  an  mcreasing  demand  for 
this  crop  that  has  led  to  its  current  commercial 
production.  In  local  markets  people  rarely  dis- 
tinguish this  sprcios  from  other  \cnfy  Solainim 
species,  that  are  all  called  ninavu .  There  is  a 
lack  of  reliable  data  on  production  and  prices, 
but  Snlrtnii til  tnrffrrrmntum  has  probably  over- 
taken Solauuin  viUoaum  Mill,  as  the  most 
popular  leafy  Solanum  vegetable  in  Kenya. 
Occasional  cross-border  trade  occurs  between 
Kenya  and  Tanzania.  The  price  at  local  mar- 
kets IS  lowest  during  the  ramy  season  in  April 
and  highest  in  the  warm  and  dry  period  before 

the  i-  iins  -fnrt. 

Properties  The  composition  of  Solanum 
tarderemotum  leaves  is  comparable  to  other 
dark  green  leafy  vegetables, 

Adulterations  and  substitutes  In  dishes 
Solanuin  tai-dereinoluin  can  be  replaced  by 
other  species  of  the  section  Solatium,  e.g.  So- 
lanum amerieanum  Mill.,  Sokmum  tcabrum 


Mill,  or  Sokuuini  l  illosuin  Mill. 

Description  Annual  or  short-lived  perennial 
herb  up  to  150  cm  tail,  usiudlx  widefy  spread- 
ing with  erect  or  prostrate  liriinehes,  unarmed: 
stem  narrowly  winged  with  finely  toothed 
wings,  glabrous  or  sparsely  pubescent,  green  to 
greenish  purple  with  puri>lish  nodes.  Leaves 
arranged  spirally,  sometimes  almost  opposite, 
simple;  stipules  absent;  petiole  c.  2  cm  long, 
winged;  blade  ovate  to  lanceolate,  up  to  1()(-18) 
cm  X  G(-7)  cm,  cuneate  at  base  nnd  derurrent 
along  the  petiole,  acute  to  acummate  at  apex, 
entire  to  undulate,  sparsefy  pubescent,  pale  to 
medium  ureen  Inflorescence  an  exti  a-axillarj', 
simple,  raceme-like  cyme,  7-12-flowered;  pe- 
duncle c.  2  cm  long.  Flowers  bisexual,  regular, 
5-merous;  pedicel  3-8  mm  long,  elongating  up 
to  10  mm  in  fruit:  c;dy.v  cup-sh;iped  c.  3  mm  in 
diameter,  up  to  (i  mm  in  fruit,  with  lanceolate 
to  ovate  or  broadly  triangular  lobes  reflexed  or 
adherent  in  fruit:  rorolln  stclbite  (i  ll  mm  in 
diameter,  white  to  pale  purple,  with  yellow 
basal  star,  lobes  3-6  mm  x  1-2  mm;  stamens 
inserted  on  corolla  throat,  filaments  0.5-1  mm 
long,  with  hairs  on  inner  side,  anthers  con- 
nivent,  1.5—2  mm  long,  yellow,  opening  by  ter- 
minal pores;  ovaty  superior,  style  2-3  mm  long, 

hnirj'  in  the  lower  i);ir(  stiiim.i  cniiil ate.  Friiil 
a  globose  berry  4-(i  mm  m  diameter,  pale  green 
to  purplish  at  maturity,  dull,  many-seeded. 
Seeds  lens-shaped,  c.  1.5  mm  long.  Seedling 
with  epipf.il  ei-rminntion. 

Other  botanical  information  Solanuin 
t<trderemotum  bel<mgs  to  the  subgenus  So- 
lainiin  and  section  Sohtiniiii,  formerly  known 
as  section  MauruLLa,  or  section  or  subsection 
Morella.  Currently  about  30  species  are  in- 
cluded in  this  section  of  which  10—12  are 
known  to  occur  in  .\fricn.  Research  is  still 
needed  to  better  understand  the  species  withm 
section  Solanum  and  their  diversity.  Solanum 
tarrlerriiintii III  is  close  to  Solanuin  Ponihvitum 
Bitter,  but  this  species  has  a  forked,  many- 
flowered  inflorescence.  Cultivated  plants  of 
both  species  have  been  chilled  Solaiuim  eU 
(li>ri't{anum  or  Salami m  cUlon'tii  in  the  htera- 
ture,  but  these  names  have  not  been  published 
validly.  However,  the  section  SoUmum  contains 
n  number  of  species  thnt  nrc  highly  diverse  nnd 
the  same  could  well  apply  to  this  species.  This 
could  be  80  especially  if  it  has  been  cultivated 
over  a  long  period  of  time,  and  this  appears  to 
be  the  case  in  contrast  to  Solaiiiiiii  lillo.vim 
which  has  probably  been  brought  under  culti- 
vation more  recently.  Sokmum  seabrum  is  a 
similarfy  diverse  species,  whidi  must  have 
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been  cultivated  over  a  long  period. 

Growth  and  development  Normally,  seed 
germination  takes  plac^  m  r>-7  days.  Initial 
siM'dling  t,''*<'\vth  is  rapid,  I''l(i\vorin^'  starts 
when  plants  are  about  6  weeks  old,  but  har- 
vesting of  leaves  can  continue  thereafter.  When 
after  si'scnil  iiKuiths  tln'  crop  comes  to  its  end, 
the  farmers  collect  the  fruits  that  have  dropped 
on  the  ground  for  extraction  of  seed*  for  the 
next  season. 

Ecology  Snfaiiiim  lardivfiiinfinu  orrurs  in  a 
wide  range  of  habitats  from  sea-level  up  to 
3000  m  altitude.  It  appears  to  tolerate  drier 
conditions  than  the  related  Solatium  lillosuiii 
and  SoUumin  acabmin.  It  grows  best  in  soils 
hi|^  in  N  and  P,  with  a  high  organic  matter 
content.  It  is  reported  to  grow  wild  in  disturbed 
areas  or  as  a  weed  on  agriculturnl  land,  proba- 
bly often  as  escapes  from  cultivation. 

Propagation  and  planting  Most  farmers 
produce  their  own  seeds  rather  than  buying 
those  from  the  market.  Seed  germination  is 
sometimes  problematic  because  of  low  vigour 
caused  by  improper  seed  extraction  and  there- 
fore inadequiite  remo\'Ml  of  susjars  and  germi- 
nation inhibitors  present  in  the  fruit.  Other 
reasons  for  problematic  germination  are  that 

seeds  are  not  dri<'d  and  stored  properly  nr  thai 
the  seed  is  dormant.  The  seeds  can  remain 
viable  for  several  years  when  kept  dry  and  cool. 
It  is  common  practice  to  sow  .seeds  in  a  nurseiy 
and  Iransjilant  the  si-cdhngs  when  they  are 
10-15  cm  tall  and  have  at  least  5  true  leaves. 
Many  growers  mix  the  tiny  seeds  with  fine  soil, 
ash  or  dru  d  iiiaiuire  liefrire  snwint;,  Xurseiy 
beds  are  muli  ln  il  and  irrigated  dady  Well- 
fermented  fanii,\ard  manure  is  incorporated 
into  the  plant  bods  whenever  available  because 
this  gives  better  residts  than  fertilizers  only. 
Most  fanners  plant  randomly  with  a  spacing 
betwemi  plants  of  15-20  cm.  Othw  femers 
may  plant  in  lines  with  a  spnrinp  of  10-12  cm 
in  the  line  and  30~15  cm  between  lines.  The 
spacing  is  usually  wider  during  the  rainy  sea- 
son than  durinii  the  dry  season. 

Management  I'lots  are  kept  free-  of  weeds 
by  hoeing,  but  this  becomes  unnecessary  after 
dosing  of  the  canopy.  Farmers  in  western 
Kenj'^a  often  use  foliar  sprays  with  macro  and 
micro  plant  nutrients.  Wlien  these  are  not 
available,  top  dressing  with  a  nitrogen  fertil- 
izer  is  given  after  everj^  har\'est.  These  regular 
fertilizer  applications  allow  the  farmer  to 
lengthen  the  han'est  period  considerably.  Irri- 
gation is  needed  during  the  dry  season  and  this 
ia  often  the  limiting  factor  for  production.  A 


crop  rotation  with  e.g.  nioize  or  amaranth  is 
recommended  to  control  nematodes. 
Diaeaaea  and  peats  Solanuin  tarderemotum 

seems  to  lie  more  susceptilde  to  diseases  than 
Solanuin  scabruin  and  Solanuin  villosuin.  Bac- 
tmal  wilt  (Rcdatonia  aolawieearum)  and  the 
fungus  Clculospon'uni  oxy.tjinruiit  are  the  main 
diseases,  but  several  other  fungal  diseases  can 
also  be  noticed  such  as  late  blight  {Phv' 
tophthora  inff.HhiiiH),  which  may  become  prob- 
lematic when  farmers  continue  planting  this 
crop  closely  during  the  rainy  season.  Some 
farmers  use  a  fungicide,  e.g.  Ridomil-copper 
mixture  for  control.  The  main  pests  are  black 
aphids  {Aphia  fabae),  flea  beetles  (Epituchna 
hirta),  cutworms  and  nematodes.  Aphids,  flea 
III  ■■<  t  les  and  cutworms  are  sometimes  controlled 
b\  cliemical  spraying 

Harvesting  Young  shoots  of  10—15  cm  in 
l«igth  are  picked  starting  3—4  weeks  after 

tranq)lanting  or  o-^S  weeks  after  snwing.  The 

preferred  harvest  method  is  ratoon  cropping 
where  the  apical  dioot  is  picked  at  the  first 
harvest,  allowing  side  shoots  to  grow.  Subse- 
quent harvests  are  at  intervals  of  1-2  weeks 
for  the  following  8—12  weeks.  The  harvest  pe- 
riod for  a  rainy  season  crop  without  additional 

fertilizing  is  I— weeks  but  a  well-m.-inaged 
crop  may  be  harvested  for  up  to  4  months. 
Regular  harvesting  of  young  shoots  causes  a 
prolonged  vegetative  period  whereas  undis- 
turbed III  ants  may  flower  8  weeks  after  seed- 
ling emergence. 

Yield  The  average  size  of  a  plot  is  about 
inoo  m-  where  the  first  harvest  will  be  about  7 
sacks  of  90  kg,  the  equivalent  of  6  t/ha.  The 
second  harvest  may  yield  11  t/ha,  the  third  14 
t/ha  or  more.  Harvesting  at  intervals  of  about  2 
weeks  can  go  on  for  'i  months  or  even  longer  as 
long  as  there  is  proper  pest  and  disease  cont  rol, 
and  regular  fertilizing  and  irrigation.  Fanners 
may  thus  get  up  tn  80  i.Tia  but  those  who  do 
not  provide  the.se  inputs  can  expect  an  average 
cumulative  leaf  yield  per  season  of  12—20  t/ha. 

Handling  after  harvest  Harvested  So- 
Idiitiiii  tdnli'ivniotiiin  shoots  are  highl\  jierish- 
able  and  need  to  be  sold  as  soon  us  possible 
before  th^  wither.  The  best  harvest  time  is 
either  late  in  the  afternoon  for  marketing  the 
following  day,  or  early  in  the  morning  on  the 
day  the  produce  ia  to  be  sold.  Shoots  may  be 
dipped  in  water  to  kee))  tiiem  fresh,  but  more 
often  they  are  wrapped  in  [lolythene  sheets  or 
banana  leaves  as  small  bundles  to  keep  them 
beak  for  some  time. 

Qenetio  resoovoes  In  Kenya  germplaam  of 
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Sokiiuiiu  tarderemotiim  is  kept  at  Mascno 
University.  Other  collections  held  at  the  Na- 
tional Seedbnnk  ami  tht-  I  niveraity  of  Nairobi 
are  not  \v»  ll  hilicllcd  mikI  represent  the  l-H 
species  ol  nightshades  with  edible  leaves  that 
are  known  from  Kenya.  A  few  acoessians  are 
also  maintnined  at  the  Botanical  and  Experi- 
mental Garden  of  Nijmegen  University,  Neth- 
erlands. The  largest  depositon.'  of  germplasm  is 
with  the  communities  thai  uiili/o  SoUumm 
favderemotum  ns  n  vogctjihlc.  There  is  a  need 
for  further  collection,  stud^'  and  documentation 
concerning  the  ethnobotanic,  agronomic  and 
ecological  aspects  of  this  spei  ies  and  to  carrj' 
out  more  surveys  to  gam  a  more  complete  pic- 
ture of  its  distribution  throughout  East  Africa. 

Breeding  Tlie  t-haracteristics  to  be  selected 
and  bred  for  should  s[>eeific;ill>  include  discHse 
tolerance  and  improved  storabilily  of  the  prod- 
uct. Currently,  no  known  attempts  to  select  and 

breed  SnJatniiti  fnrdrrrtnotum  are  lieinp  made. 

Prospects  With  the  recent!}^  witnessed  in- 
crease in  the  popularity  of  indigenous  vegeta- 
bles in  East  Africa  and  the  fact  that  it  is  al- 
ready popular  among  some  communities,  So- 
laiiuiii  laideivinuluni  has  guud  prospects  of 
becoming  an  economically  important  leafy 

vegetable  for  medium-elevation  and  bi<:hlnnd 
regions.  Biosystematic  studies  uf  Solumiiii 
tardtremotum  and  related  species  of  the  so- 
calli  !  r  !  Ilium  nigrum  complex  are  needed  to 
un(]ersi;ind  the  ronnertions  between  wild  and 
cultivated  plants  and  to  establish  a  clear  and 
sound  system  of  taxonomic  nomenclature. 

Major  references  Bukenya,  Z.R.  &  Carasco. 
J.F.,  1995b;  Edmonds,  J.M.,  1977;  Edmonds, 
J.M.  &  Chweya,  J.A..  1997;  Gray,  J.M.,  1968; 
Schippers,  R.R.,  2()()2a. 

Other  references  Bukonj^a.  Z.R.  &  Carasro 
J.F.,  1999;  Chirchir,  J.K..  2001;  Imbumi,  M., 
2001;  Mwai,  G.R,  2001;  Mwai,  G.N.,  2002; 
Onyangn,  M.A.,  109.-?;  Schippers  R,R.,  2002b; 
West,  C.E.,  Pepping,  F.  &  Temaliwa,  C.R.  (Edi- 
tors), 1988. 
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SOLANUM  TORVUM  Sw, 

Protologue  l^i-odr.:  47  (1788). 
Family  Solanaoeae 
Chromosome  iiimiber  2n  =  24,  18 

Vernacular  names  Pea  egpplant,  cherrj' 
eggplant,  devil  s  iig,  plate  brush,  Turkey  berry 
(En).  Melongene-diable,  bellangere  bdtarde, 
aubergine  pois  (Fr). 




SoUumm  torvum  -  wUd  aiul  planted 
Origin  and  geographic  distribntion  Soia- 

mini  fnn  iini  originates  from  Central  and  South 
America,  where  it  is  found  from  Mexico  to  Bra- 
zil and  Peru,  and  is  widespread  in  the  Carib- 
bean It  is  now  a  pantropical  weed.  In  West 
and  Central  Africa  it  is  locally  a  kitchen  gar- 
den crop,  and  it  probably  occurs  in  other  re- 
gions of  Africa  as  well.  It  is  cultivated  as  a 

small-.scale  vegetahh^  in  southern  and  eastern 
Asia,  and  is  especially  popular  m  Thailand. 

Uses  The  bitter  fruita  are  appreciated  espe- 
cially by  elderly  people  and  are  used  in  soups 
and  sauces  or  are  chopped  together  with  egg- 
plant fruits  or  tomatoes.  Soiaiiuiii  lonuin  is 
also  used  in  traditional  medicine.  When  used 
wisely,  its  fruit  and  leaves  can  be  useil  t'«  <  on- 
trol  a  range  of  microbial  activities.  The  giy- 
ooalkaloid  solasodine  that  is  fotmd  in  its  leaves 
and  fruits  i-  d  in  India  in  the  manufacttu« 
of  steroidal  so\  hormones  for  oral  contracep- 
tives. The  antimicrobial  properties  of  the 
leaves  have  beea  known  for  some  time  in  Cen- 
tral .America  and  India  and  also  in  'labon  peo- 
ple apply  the  leaves  to  cuts  and  wounds.  In 
Sierra  Leone,  the  fruit  in  decoction  is  given  to 
children  as  a  cough  medicine,  whereas  in 
Senegal  the  jilant  is  taken  to  treat  sore  throat 
and  stomachache.  In  India  leaves  are  dried  and 
ground  to  powder,  which  is  used  as  medicine 
for  diabetic  patients.  In  Cnte  d  l voire  the  plant 
is  known  to  cause  instant  insanity  when  eaten 
raw  and  it  has  been  used  as  poison  for  people. 
On  soils  infested  with  Meloidogytie  nematodes 
and  liacterial  wilt,  Sniaiiuni  tnrviint  is  occa- 
sionally used  as  a  rootstock  for  eggplant  and  to 
a  lesser  extent  for  tomato.  For  the  latter,  So- 
lanum  aethiopieum  cv.  lizuka'  gives  bett^ 
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results. 

Prodnctioii  and  intemational  trade  Sola- 
num  lorvum  is  becoming  more  popular  in  West 

Africa  as  a  vegetable,  especially  in  Ghana  and 
collected  from  the  wild  or  from  home  gardens, 
both  for  direct  consumption  and  for  sale  at 
local  iiLukcts,  NVi  statistical  data  are  available. 

Properties  Per  lOU  g  edible  portion,  young 
fruits  contain:  water  86.4  g,  energy  197  kJ  (47 
kcal),  protein  2.4  g,  fat  0.4  g,  carbohydrate  10.7 
p,  fibre  <>.]  R.  Cn  10  1  tug,  P  70  mp,  Fe  4.n  mp, 
P-carotene  390  ng,  thiamin  0.12  mg,  riboflavin 
0.09  mg,  niacin  2.6  mg,  ascorbic  acid  4  mg 
(Leunu  \V  -T.W..  Butrum,  H.R.  &  (^lianK-  F.H.. 
1972).  The  leaves  and  fruits  contain  about 
0.84%  flolasodine.  In  tests  in  India,  dried  fruits 
fried  in  oil  and  fed  to  mice  caused  hepatic  tu- 
mours in  30%  of  the  animals. 
In  tests  in  Nigeria,  a  methanuhc  extract  of  So- 
hamm  torvutn  fruits  diowed  a  wide  spectrum 

of  anfimirrobial  aHivitios.  The  isoflavonoid 
torvanol  A  and  the  steroidal  glycoside  torvoside 
H  isolated  from  the  fruits  showed  antiviral 
activity  against  herpes  simplex  virus  type  1. 
Studies  on  the  effect  of  dried  leaf  powder  in 
India  showed  no  significant  changes  with  re- 
spect to  glucose,  lipid  profile,  glycated  proteins, 
total  amino  acids  and  uronic  acid  levels  in  non- 
msuiin  dependent  diabetes  mellitus  patients. 
Solanum  tonmm  is  suspected  of  poisoning  live- 
stock. 

Description  Sjireadinp  or  scramblinp  slen- 
der shrub,  up  to  3(— 1)  m  tall,  pubescent  with 
stellate  hairs;  stem  and  branches  usually  with 
scattered  prickles  3-7  mm  lonK  slightly 
hooked.  Leaves  alternate,  solitary  or  in  pairs, 
simple;  stipules  absent:  petiole  1.6—6  cm  long; 
blade  ovate,  7-20  cm  «  1-1H  cm,  usually 
coarsely  and  sinuously  T-lobcd  with  trianeular, 
acute  to  obtuse  lobes,  somewhat  sagittate  to 
auriculate  at  base.  Inflorssoenoe  a  compact, 
branched,  up  to  100-floworod  corjrab,  at  first 
terminal,  later  becoming  lateral;  peduncle  1-2 
cm  long.  Flowers  bisexual,  regular,  5-merou8; 
pedicel  5-10  mm  long:  calyx  with  lobes  3-4  mm 
long,  persistent:  coroMa  stellate,  c.  2  -5  cm  in 
diameter,  white,  lobes  lanceolate,  c.  1  cm  long; 
stamps  inserted  on  corolla  throat,  filaments 
very  short  .■intbcrs  connivrnt,  0-7  mm  long 
opening  by  termmal  pores;  ovary  superior,  glo- 
bose, pubescent,  style  8-10  mm  long,  stigma 
capitate.  Fruit  a  globose  berr}'  1-1.5  cm  in  di- 
ameter, yellowish,  many-seeded  Seeds  discoid. 
1.5—2  mm  long,  brownish.  Seedling  with 
epigeal  germinatiain. 

Other  botanical  inJbrmatloii  Sokamm 


Solanum  lorvum  -  flowering  and  fruiting 
branch. 

Source:  PROSEA 

lorvum  IS  classified  in  section  Torvum  of  sub- 
genus L^io^tmmum.  This  section  comprises 
about  10  six-cies,  all  of  Ccnlral  and  South 
American  origm.  In  South-East  Asia  cultivated 
types  of  Solamtm  torvum  exist  which  are 
thomless. 

Growth  and  development  Seeds  require 
sunlight  for  germmation,  and  shading  may 
thus  control  Ihe  spread  of  Solanum  torvum  as 
a  weed.  The  plant  starts  flowering  after  .3-4 
months  and  contmues  flowering  during  its  life- 
time of  up  to  6  years.  Birds  and  fruit  bats  eat 
the  brownish  yellow  fruits  and  disperse  the 
seeds  through  their  droppings. 

EUiology  Solanuiii  loirum  establishes  itself 
on  open  land  in  disturbed  soil,  along  roads  and 

on  waste  places  where  it  often  turns  into  a 
weed  that  becomes  hard  to  control.  In  Camer- 
oon it  is  a  diaracteristic  pioneer  species  on 
fallow  land.  It  is  listed  as  a  noxious  weed  in  the 
south-(>astefn  United  States.  It  is  normally 
found  either  near  wetlands  or  in  high  rainfall 
areas,  mainly  in  lowland  regions;  yet  it  is  tol- 
erant of  dry  periods. 

Propagation  and  planting  Solanum  tor- 
vum is  normally  propagated  by  seed.  The 
lOOO-seed  weight  is  about  3.3  g.  The  fredk  seed 
shows  strong  dormancy.  Seed  is  sown  in  a 
nursery  and  seedlings  are  transplanted  after 
5-6  weeks  at  a  spacing  of  1  m.  Branch  cuttings 
tak^  from  hig^-jrielding  shrubs  are  also  used 


SOLANUM  503 


for  propngation.  Scmi-hardwood  cuttings  12—15 
cm  long,  collected  from  fresh  shoots  and  with 
their  leaves  removed,  will  produce  roots  and 
new  >;h(i<itH  in  3-4  weeks. 

Management  Fruits  of  pea  eggplant  are 
mostly  collected  from  the  wild.  In  cultivation 
some  tare  is  required,  including  fertilizing  and 
weeding  when  plants  are  young  and  irrigation, 
but  pea  eggplant  is  a  veiy  sturdy  i  rup  that 
grows  without  much  care. 

Diseases  and  pests  Poa  rguplnnt  m.iy  suf- 
fer from  some  of  the  diseases  that  are  found  on 
other  solanaceous  crops,  e.g.  from  Altemana 
aolani  and  eggplant  anthrat  miHc  Collrlo- 
triehuin  gloeoaporioides  t  ineloiigenac .  The  rust 
Aeeidium  habunguenae  causes  orange  pustules. 
Solanuiti  loniiiii  is  sometimes  damaged  1>,\ 
aphids.  Lvuciiio(fr.'<  fViiit  and  slioot  l)urers.  leaf 
hoppers  and  Spuduplera  calerpillara.  It  is  a 
natural  reservoir  for  the  hemipterous  eggplant 

lace  bug  Cnryflinica  ryatitJ)irnHis  (synonym 
Corytltaica  planaria)  which  attacks  eggplant.  A 
mosaic  virus  is  transmitted  by  the  aphids 
Aphis  craeeivora  and  Aphis  gossypii.  However, 
Solamim  torviim  is  known  for  its  resistance 
agamst  aoilborne  pests  and  diseases,  mcludmg 
Ralatonia  iolanaeeemttn  (the  resistance,  how- 
ever mriy  lircrik  down  at  high  temper.ifiircs) 
\'ertuiUiiiiii  dahliae,  Thielaviopaia  basicola, 
Phytophihoni  parasitica  and  Fusarium  solani. 
It  also  appears  to  be  resistant  to  flea  beetles 
and  Mplniflnf>yiie  incngjiila.  IJnfortimaf  oly 
crosses  with  the  more  important  cixips  So- 
latium melongena  L.  and  Sokatum  aethu^ieum 
L  are  net  suci-esgfulj  but  somatic  hyV)ridization 
with  Solauuiii  melongena  has  shown  promise. 

Harvestin|r  Clusters  of  immature  green 
firuits  are  picked  by  the  time  that  these  have 
reached  I  he  si/o  of  n  poa  or  chorrj'  depending 
on  the  cultivar.  They  can  be  picked  for  con- 
sumption in  many  successive  rounds,  starting 
2  works  nftor  first  floworing. 

Handling  after  harvest  P^a  eggplant  is 
marketed  in  clusters  of  green,  immature  fruits 
rather  than  as  imlis  i dual  fiiiit.  The  firuits  can 

bo  ko()1  for  -:c\  ■■!-:\  \  d:.\\  < 

Genetic  resources  Soiuiiuin  tunuiii  is  an 
extremely  widely  distributed  species  with 

woody  rharnrtorisf irs,  and  thus  not  throafonod 
by  genetic  erosion.  Accessions  of  it  are  included 
in  several  germplasm  collections  of  Solatium. 

BreedixiK  In  :  1i  i .  u  mn  .\frican  farmers 
use  their  own  s«  l<  <  ti  d  types.  In  Thailand  si^^d 
of  improved  local  cultivars  is  commercially 
available,  e.g.  at  East  West  Seed  Company. 
One  cultivar  is  lacking  prickles  and  another 


has  a  compact  growth  habit,  both  having  big, 
less  bitter  fruits.  Some  Western  seed  cata- 
logues offer  seed  for  rootstock  production. 

Prospects  Pea  eirjiplant  is  Inrjilly  a  (lopular 
traditional  vegetable.  Selection  of  improved 
cultivars  might  enhance  interest  for  commer- 
cial production  However  attention  should  be 
paid  to  the  possible  adverse  effects  of  frmt  con- 
sumption. 
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bulem,  S.L,  2000;  Date,  H.,  Nasu,  H.  &  Hata- 
moto,  M    in04:  Iyer,  I'  M.  Mohta  N.C.  Mani, 

I.  &  Mani,  U.V.,  i992;  Jarl,  C.I.,  Rietveld,  E.M. 
&  de  Haas,  J.M..  1999;  Leung,  W.-T.W.,  But- 
rum,  R.R.  &  Chang,  F.H..  1972;  Mian  I.H., 
.Akhter.  R.  &  Islam,  M.N.,  1995:  Muria  L 
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SOL.\NUM  V1LLU.SUM  Mill. 

Protologue  Gard.  diet.  ed.  8:  Solanum  No  2 

(1768). 
Family  Solanaceae 
Cbrtmiosome  number  2n  =  48 

Synonyms  Snininini  hiloum  Mill.  (1768), 
Solanum  nigrum  auct.  nonL. 

Veniaeidaf  nmmc»  Red-firuited  nightshade, 
haiiy  nightshade  (En).  Morelle  jaune  (Pr). 
Mnavu  (Sw). 

Origin  and  geographic  diatribntioii  Sola- 
mim villosum  is  believed  to  have  originated  in 
Eurasia  and  is  sumotimes  considered  to  have  a 
southern  liui  opean  origin.  It  is  widespread,  but 
absent  in  Central  and  South  America,  and  New 
f^Tuinoa.  Tt  has  boon  introduced  in  North  Amer- 
ica and  Australia.  In  Africa  it  is  recorded  from 
Tunisia,  Algeria  and  South  Africa,  and  from 
many  countries  of  tropical  Africa,  e.g.  in  Cen- 
tral .\frica  from  Burundi,  in  East  Africa  from 
Sudan,  Ethiopia,  Somalia,  Kenya,  Uganda  and 
Tanzania,  and  in  southern  Afiica  from  Zambia 
and  Angola.  In  West  Africa  Solanum  villosum 
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Solaiuim  viltoaum  -  wild 

has  been  recorded  only  from  Nigeria.  However, 

its  distribution  is  inrompletely  known,  and  it 
may  occur  in  many  other  oountnes.  Its  use  as 
vegetable  is  most  popular  in  E!ast  Africa. 

Uses  Leaves  and  young  ahoots  of  sparsely 
hain,'  types  of  Soluiiuin  i  illosiiin  are  used  as  a 
lealy  vegetable.  The  young  leaves  are  boiled 
with  water  and  are  sometimes  fried.  In  Tanza- 
nia young  shoots  nnd  lenvrs  ;irc  picked 
chopped  and  then  boiled  or,  especially  m  urban 
areas,  fried  with  onions  and  tomatoes  and 
sometimes  mixed  with  meat  or  fiah.  In  the 
Mara  region  in  Tanzania  whole  ynimc  jilnnfs 
are  used  as  a  vegetable.  In  Kenya  the  Luo  and 
Pokot  people  prepare  this  vegetable  together 
with  less  bitter  v<"„'i'1  •iblt  s  sueh  as  amaranths, 
whereas  other  cultural  groups  mi.v  it  with 
meat,  spider  plant  (Cleome  gynandra  L.),  bitter 
leaf  (Vernonia  spp.)  or  cowpea  leaves.  Nandi 
women  in  Eldnret  Kenya  use  milk  to  boil  the 
vegetable.  In  L'ganda  the  young  shoots  and 
leaves  are  mixed  with  groundnut  paste, 
wrapped  in  banana  leaves  and  steamed.  Other 
people  prefer  to  boil  the  vegetable,  drain  off  the 
remaining  water  and  add  sesame  {Seaamum 
ittdieum  L.)  to  make  it  a  thick  and  more  tasty 
sauee  In  some  instanees.  it  is  chopped,  washed 
and  fried  eiliier  directly  or  after  buihng  it  m 
sour  milk.  Groundnuts  or  sesame  paste  can  be 
added  to  this  prepnrntion 

The  ripe  fruits  are  eaten  in  Ethiopia,  Kenya, 
Uganda  and  Tanzania,  where  orange,  yellow 
and  red  fruited  types  are  found  Solaniiiit  n'llo- 
sum  also  forms  an  important  part  of  traditional 
medicine  in  Africa.  In  Kenya,  unripe  fruits  are 
used  to  soothe  toothadie.  They  are  also 
squeezed  on  babied  gums  to  ease  pain  during 


teething.  Leaves  are  used  to  treat  stomachache 
and  extracts  from  leaves  and  fruits  are  used  to 
treat  tonsillitis.  Maasai  boil  the  roots  in  milk 
and  give  it  to  children  as  a  tonic  In  Tanzania, 
Sukuma  people  apply  leaves  to  swellmgs, 
whereas  tiie  firuit  juice  is  used  to  calm  sore 
eyes.  Hanyankore  and  Banyero  people  in 
Uganda  beheve  that  addition  of  Solanuin  villo' 
turn  leaves  to  the  diet  contributes  to  the  treat- 
ment  of  fever  associated  with  hypertension. 
Pregnant  women  in  inost  parts  of  Kenya  are 
encouraged  to  eat  boiled  Solanum  leaves;  peo- 
ple believe  that  they  will  then  give  birth  to 
dark-eyed  and  smooth-skinned  babies.  It  is 
fiirther  beheved  that  children  who  eat  So- 
lanum vegetables  cooked  with  milk,  ground- 
nuts or  sesame  rarely  develop  marasmus  or 
kwashiorkor  Leaves  of  Solanuin  villosiim  are 
used  as  fodder  fur  goats  and  sheep  in  Sudan, 
and  for  cattle  and  goats  in  Kenya. 

Production  and  international  trade  Sin- 
lanum  villomm  leaves  are  a  common  product 
at  many  local  markets  in  rural  and  urban  ar- 
eas of  Kenya  and  Tanzania.  In  Arusha  in  Tan- 
zania Solanum  viUosuni  is  the  most  expensive 
leafy  vegetable  at  the  urban  market.  No  statis- 
tical data  on  production  and  trade  are  avail- 

abl<-. 

Properties  The  composition  of  Solanuin 
villomm  leaves  is  probably  comparable  with 
that  of  other  dark  green  leafy  vegetables.  Two 
alkaloids  have  been  isolated  from  green  fruits 
of  Solanum  l  illosuni,  diosgenin  and  solasodine, 
but  the  amount  of  alkaloids  is  lower  than  in 

Soldiillln  n!i;rri(  .\Iill. 

Adulterations  and  snbstituteB  In  dishes 
Solanum  villomm  can  be  replaced  by  some 
other  leafy  vegetables  from  section  Solanum, 

e.g.  SnJanuin  srahnim  Mill. 

Description  Annual  or  short-lived  perennial 
herb  up  to  60(-60)  cm  tall,  much  branched, 

unarmed;  stem  rounded  to  angled,  almost  gla- 
brous to  pubescent  with  appressed  hail's. 
Leaves  arranged  spirally,  simple;  stipules  ab- 
sent: petiole  0  5-1  cm  long;  blade  ovate  to  ellip- 

tu'al.  u]>  to  l(-8)  em  ■<  em.  euneate  at  liase 

and  deeurrenl  along  the  petiole,  acute  at  apex, 

entire  to  sinuatefy  or  ooarsefy  toothed,  sparsefy 

pubeseent.  Inflorescence  an  extra-axillan,-,  um- 
bel-lilie  cyme,  3-5(— 7)-flowered;  peduncle  4-7 
mm  long,  elongating  iqi  to  2  cm  in  frtiit.  Flow- 
ers bisexual,  regular,  5-merous:  pedicel  4-6(- 
10)  mm  long  becoming  deflexed  in  fruit;  calyx 
cup-shaped,  1-2  mm  in  diameter,  lobes  obtuse 
to  acute  or  acuminate^  deflexed  in  fruit;  corolla 
stellate,  (4r-)5-8(— 10)  mm  in  diameter,  white 
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Solnniiin  n'llostiiii  I.  pari  of  Pau  rriiiii  and 
fruiting  plant;  2,  flowering  and  fnuling  branch; 
3,  fruit. 

Redrawn  and  adapted  by  Aehmad  SaUri  Nur- 
hamaii 

with  basal  yellow-green  star,  lobes  ovate- 

uV)lrniK  c,  mm  Icmt;:  sImiix  iis  in<cH<'(l  on  cu- 
rolla  throat,  liiaments  2  mm  lung,  with  hairs 
below,  anthers  connivent,  1.6—2.5  mm  long, 
opting  by  terminal  pnros;  ovai>'  superior,  glo- 
bose, c.  1.5  mm  in  dinmotor,  style  (3-)4-5  mm 
long,  hairj'  at  base,  stigma  capitate,  pale  green. 
Fruit  a  globose  berty  6-8<-10)  mm  in  diameter, 
red  ornnco  or  yoHow  win:  n  rijio  many-snodrd. 
Seeds  discoid,  c.  1  mm  long.  Seedling  with 
epigeal  germination. 

Otber  botanical  information  SoUauiiii 
l  illosuiit  belongs  to  the  subt^enus  Suiainini  and 
section  Solununi,  formerly  known  as  section 
MaureU<t,  or  section  or  subsection  Morula. 
Currently  about  .'^0  species  nre  included  in  this 
section,  of  which  10-12  are  known  to  occur  in 
Africa.  Research  is  still  needed  to  better  under- 
stand  the  species  ,ind  their  diversity  within 
section  Solnuiiiit.  In  herbnria  in  Afrien  several 
members  of  the  section  are  lumped  under  So- 
kuiuin  tugmm.  Solatmm  viUomim  has  jreUow, 
orange  or  red  fruits  whereas  SoUaium  nigrum 


L.  has  black  or  greenish  fruits  when  ripe.  Sev- 
eral botanists  erroneously  grouped  taxa  with 
black  fruits  together  with  yellow  to  red-fruited 

t;i.\:i  ill  Solinnnn  iiioriini. 

Two  subspecies  of  Solanum  l  illosuin  have  been 
distingui^ed:  subsp.  viUomm  and  subsp. 
miiiialiini  (Bernh.  ex  Willd.)  Edmonds,  based 
on  hair  density  and  presence  or  absence  of 
glands  on  the  hairs  and  whether  the  stem  is 
rounded  and  smooth  or  angled  with  toothed 
n<igi's.  The  less  haiiy  sulisp  ininiatum  is  pre- 
ferred as  a  vegetable.  However,  many  authors 
do  not  recognize  these  subq>ecieB. 

Growth  and  development  Under  oi)tiinum 
conditions  of  moisture  and  temperature,  the 
seeds  of  SoUamm  villomm  germinate  within 
seven  days.  Growth  of  seedlings  is  fast  and 
flowering  starts  after  5-8  weeks.  Under  stress, 
flowering  can  start  even  earlier.  Vegetative 
growth  slows  down  with  flowering  as  a  result 
of  compel  it  ion.  Solonum  villnsiitn  is  self- 
pollinating  and  self-compatible  and  sets  fruit 
easily  under  favourable  environmental  condi- 
tions. It  continues  flowering  even  when  it  has 
started  fruit  set  resulting  in  plants  bearing 
mature  fruits  on  the  lower  branches,  young 
ones  in  the  middle  and  flowers  in  the  top  part. 
Fioiits  remain  on  the  plant  and  drop  only  when 
over-ripe.  They  are  attractive  to  birds,  rodents, 
lizards  and  rabbits>  but  also  cattle  and  even 
humans  are  partly  responsible  for  seed  disper- 
sal. Seeds  can  pass  through  the  digestive  sys- 
tem of  animals  w  ithout  being  damaged. 

Ecology  Solanum  villomm  occurs  from  sea- 
level  to  about  2100  m  altitude  hut  it  rjni's  not 
tolerate  mght  frost.  The  optimum  temperature 
is  prohably  between  20-30*C.  It  performs  well 
during  th<  i  nny  season  or  when  irrigated 
regularly,  and  is  not  resistant  tn  drought  .\n 
annual  rainfall  of  500-1200  mm  is  suitable. 
Solanum  viUosum  can  grow  on  a  wide  range  of 
soils,  but  prrfiTs  soils  that  nre  rich  in  organic 
matter  and  land  covered  with  ash  of  recently 
burnt  vegetation.  In  the  wild,  it  is  found  in 
disturbed  areas  and  along  the  edges  of  agricul- 
tural fields. 

Propagation  and  planting  Soiamini  viUo- 
mm is  mainly  propagated  by  seed.  The 

lOnO-seed  weight  is  about  1.0  g  Stem  cuttings 
have  also  been  used  for  propagation.  Farmers 
collect  seed  from  their  farm  or  buy  it  at  the 
market  S(  cds  iVom  fVc<h  fruits  that  have  been 
carefully  ilmd  gcrmmalc  well.  In  home  gar- 
dens direct  sowing  is  common,  commercial 
farmers  ofl;en  use  nurseries.  In  nurseries  the 
seed  is  mixed  with  sand  or  aah,  or  sometimes 
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both,  to  facilitate  uniform  sowing.  The  beds  arc 
im  pared  by  loosening  the  soil  by  hand  hoe 
i  I  Iter  application  of  decomposed  manure.  The 
beds  Jifc  covered  with  grasses  which  Jire  burnt 
to  sterilize  the  soil.  This  also  adds  potash  to 
the  soil.  Seed  is  broadcast  or  sown  in  furrows 
16—20  cm  apart.  The  seeds  CDVeicd  with  a 
thin  layer  of  soil,  but  sometimes  farmers  pre£er 
to  leave  them  open  so  that  they  germinate  ear- 
lier. Etfiecially  during  the  diy  season,  the  beds 
nre  covered  with  tnll  sirnsscs  to  mnintnin  soil 
moisture.  The  grass  is  removed  when  the  seed- 
lings are  about  3  cm  tall.  Nurseries  require 
wjitering  twice  a  day  and  careful  weeding.  Pest 
management  is  also  unportant  at  this  stage. 
Seedlings  are  transplanted  when  diey  have  6 
true  leaves  into  well-prepared  and  irrigated 
fields  at  a  spacing  of  2r)-:!n  cm  '<  30-10  cm 
Solanuin  vilLosiiin  is  sometimes  intercropped 
with  other  crops,  e.g.  maize.  In  this  case,  the 

seeds  are  direct  sown  normally  10  per  hole. 
If  the  plants  have  enough  space,  direct  sowing 
results  in  taller  plants  with  larger  leaves  and 
branches  than  a  transplanted  crop,  thus  pro- 
ducing more  dry  matter  For  once-o\'er  han'est- 
mg,  usually  dune  when  enough  land  is  avail- 
able for  raising  several  successive  crops,  a 

densi  -jincing  of  10  cm  x  10  cm  is  practised. 

Management  Solcmuni  villoaum  requires 
fairly  large  amounts  of  nutrients.  A  soil  rich  in 
organic  matter  is  appropriate.  Weeding  is  im- 
portant when  the  plants  are  young  later  the 
crop  suffers  little  from  weeds.  During  the  drj* 
season  farmers  irrigate  newly  transplanted 
-I'i  dlings  twice  a  day,  but  decrease  the  fre- 
quency to  2-3  times  per  week  once  the  plants 
are  well  established.  For  a  good  harvest  of 
shoots  and  leaves,  farmers  often  use  compound 
fortilizor,  e.g.  NPK  20-lf)-10.  In  experiments 
in  Tanzania  it  was  shown  that  the  ma.\imum 
yield  was  obtained  by  the  use  of  60-100  kg  N, 
11  kg  P  and  'JO  K  per  hn.  To  imjirove  the 
yield,  and  depending  on  local  soil  conditions,  a 
side-dressing  of  50  kg  urea  and  100  kg  sul- 
phate of  ammonia  per  ha  a  few  weeks  after 
trans|drintmg  can  be  (xmsidered.  In  Kenya, 
commercial  farmers  prefer  to  use  weekly  foli- 
age-sprays  of  fertilizer  starting  a  week  after 
t:i-rniination  until  the  first  h.'irvest  nnd  then 
after  every  harvest.  Farmers  are,  however, 
advised  not  to  use  excessive  nitrogen  fertiliz- 
ers as  these  encoiuiiui  I.mI'  diseases  and 
build-up  of  nitrates,  which  is  a  health  risk  to 
consumers. 

Diseases  and  pests  Powdery  mildew 
(LeveiUula  tauriea)  has  be^  recorded  on  So- 


lanum  rilln.vim,  as  well  as  downy  mildew 
{jPseudoperonospora  nigrescens).  Late  blight 
{Pkytophthora  inlcstuiis)  may  be  problematic  in 
cool  wet  highlands,  but  rrsist .■mcc  to  it  li.is 
been  found.  Bacterial  wilt  {h'alstoiiia  solaiia- 
eeamm)  is  a  serious  problem  in  Kenya  and 
Tanzania.  Solamini  l  illosinn  is  susceptible  to 
tomato  yellow  leaf  curl  virus  (TYLCV)  spread 
by  whitefly  (Bemhia  tabaci),  to  tobacco  rings- 
pot  nei)o\iius  (TF\S\')  ])olala  I'  nej)o\irus 
(PM  )  nnd  probably  other  viruses.  The  croii  is 
susceptible  to  root-knot  nematodes  (Meloi- 
dogyne  spp.),  which  can  be  limited  by  crop  rota- 
tion  With  non-susceptible  cn)ps  (cereals,  ama- 
ranth) and  apphcation  of  large  amounts  of  or- 
ganic fertilixer.  Crop  rotation  with  non- 
solanaceous  crops  is  g^ierally  recommended  to 
avoid  diseases 

The  greatest  nuisance  io  Solaiuiiii  villoaum  in 
Tanzania  is  black  aphid  Aphia  fabae,  infesting 

the  gj'owing  points  nnd  the  lower  p;irt  uf  ihe 
leaves,  making  them  curl,  after  which  the  plant 
stops  growing.  Caterpillars  and  beetles  (La- 
gria,  Podagriea  and  EpUaehna  spp.)  and  occa- 
sionally grasshoppers  cause  damage.  Some 
farmers  use  chemical  control  in  the  nursery 
and  in  the  iSeld.  Traditionally,  farmers  spread 
wood  ash  on  the  leaves,  although  this  afiects 
leaf  quaUty. 

Haxvestlns  The  first  harvest  is  expected  4- 
6  weeks  after  transplanting.  Harvesting  for  the 

market  is  done  in  the  late  evening  or  early 
mornmg.  The  stem  is  cut  with  a  knife  or  picked 
by  hand  about  10  cm  above  the  ground.  This 
allows  new  shoots  to  form  and  is  done  at  inter- 
vals of  7-14  days,  allowing  8—10  harvests  from 
the  stodc.  When  spacing  is  dose  (e.g.  10  cm  x 
10  cm)  whole  plants  are  uprooted.  Flowers  are 
removed  before  the  produce  is  taken  to  the 
market. 

Yield  bi  Kmya  and  Tanzania  the  annual 

yield  of  small-scale  farmers  is  20—2.5  l/hn  of 
leaves  and  young  shoots;  another  report  men- 
tions a  cumulative  jield  of  edible  leaves  of  12- 
20  t/ha  per  growing  season  in  Kenya. 

Handling  after  harvest  The  harvested 
product  is  covered  with  banana  leaves  or  plas- 
tic in  the  evening  to  maintain  its  moisture  con- 
tt  Tit  In  fore  taking  it  to  the  market  the  next 
mornmg.  The  shoots  are  often  tied  in  small 
bundles  that  are  either  partly  immersed  in 
water  in  small  buckets  or  sprinkled  with  water 
at  short  inte?-\nls  to  keep  them  fresh.  For  use 
during  the  dry  season,  the  leaves  are  har\'ested 
in  large  quantities,  boiled  in  water,  dried  and 
crushed  to  powder. 
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Genetic  resources  Some  Solanuin  villosum 
accessions  ore  kept  at  the  AVRDC  Regional 
Center  for  Africa  (AVKDC-RCA)  in  Arusha, 
Tanzanii).  In  Kenya.  Xhvro  ;ire  several  insti- 
tutes that  hold  collections  of  Solwium  villo- 
sum, and  outside  Africa  correctly  identified 
fi<  c  essions  are  present  at  the  Botanical  Garden 
of  the  University  of  Nijmegen,  Netherlands. 

Breeding  Some  selection  work  on  Sotcamm 
lilloHuin  is  reported  from  AVRDC-RCA  in 
Arusha,  Tanzania.  Artificial  hybridizntion  be- 
tween Solanuin  villosum  and  other  Solanum 
species,  e.g.  Solanum  aeabmm  and  Solanum 
{miericaiiuin.  may  be  carried  out  to  improve 
productivity  and  resiatance  to  diseases.  These 
apedes  have  been  reported  to  hybridize  suc- 
cessfully. In  Kenya  and  Tanzania  Alpha  Seed 
Tompany  and  Kenya  Seed  Company  sell  So- 
laniiin  l  illoaum  seeds. 

Proapects  Soianum  viUomm  is  worth  pro- 
moting ns  nn  oxoeil^t,  biph-valuo  leafy  vege- 
table and  a  source  of  income  for  vegetable 
farmers  and  traders  in  East  Africa.  Selection 
and  breeding  of  improved  cultivars  with  high 
vigour,  strong  resistance  to  pests  and  diseases 
and  good  consumer  quality  should  be  en- 
hanced. 

Major  references  AWDC,  2001;  Edmonds, 
J.M.,  1977;  Edmonds,  J.M.,  1979;  Edmonds, 
J.M.,  1984;  Edmonds,  J.M.  &  Chweya.  J.A., 
1997;  Henderson  R  J.F.,  1974:  Kamoun,  S., 
Huitemn  K  &  \  looshouwers 
Katende,  A.B.,  Ssegavva,  i\  &  JBirnie,  A.,  iUitU; 
Maundu,  P.M.,  Ngugi,  G.W.  ft  Kabuye,  C.H.S., 
1999:  Rrhipi)ers  R  IJ.  2000. 

Other  references  AVRDC,  2003;  Bukenya, 
Z.R.,  1996;  Bukenya,  Z.R.  &  Carasco,  J.F., 
1995b;  lUik.  nya,  Z.R.  &  Carasco,  J.F..  1999; 
SchillinK,  LM:]  &  Anderson  R.N.,  1990;  Symon, 
D.E.,  1981;  West,  C.E.,  Pepping,  F.  &  Te- 
maliwa,  C.R.  (Editors),  1988. 

Sources  of  illustnitlon  Coste,  H.,  1903; 
dauzem,  1*.,  1995. 

Authors  M.L.  Manoko  &  G.M.  van  der 
Weerden 


SOLENOSTEMON  MONOSTACHYUS  (P.Beauv.) 

Bhq. 

Protologue  Engl,  ft  Prantl,  Nat.  Pflanzen- 

film.  IV  3a:  369  (1897). 

Family  Lnmiacone  (T^abintao) 
Chromosome  number  'In  =  14,  26,  28 
Ssmonyma  Soleaioslemmi,  ocymoides  Sdm- 

madi.  (1827). 


Origin  and  geographic  distribution  Sole- 
nosiemon  monostachyua  occurs  from  Senegal  to 
Chad,  Central  African  Republic,  DR  Congo  and 

Anynhi, 

Uses  The  leaves  are  eaten  as  a  potherb,  and 
the  plant  has  been  grown  for  this  purpose.  So- 
leuoslemon  monoatachyua  has  numerous  me- 
dicinal uses.  The  leaf  sap  is  considered  sedative 
and  stomachic  and  is  applied  internally  to  treat 
colic,  convulsions,  fever,  headache  and  cough, 
especially  in  children  and  externally  apninst 
eyesight  troubles  and  aphthae.  Moreover, 
leaves  are  used  to  treat  dysmenorrhoea, 
haematuria,  female  sterility,  rheumatism,  foot 
mfectiona  and  snakebites.  The  roots  are  used  to 
treat  ondiooerdaaia  (rivex^lindnesa,  eraw- 
craw).  The  plant  has  many  ritual  uses,  espe- 
cially rt'laled  to  pregnanty. 

Properties  Fresh  leaves  contain  per  100  g 
edible  portion:  water  82.0  g,  energy  230  kJ  (56 
kcal),  protein  4..'^  g,  fat  0.9  g,  carbohydrate  10.4 
g,  fibre  1.9  g,  Ca  437  mg,  P  109  mg  (Leung,  W.- 
T.W.,  Busson,  F.  ft  Jardin,  C,  1968). 
A  test  with  mice  in  Nigeria  supported  the  use 
of  SoU'ii  ostein  on  inotiostncliyini  lea\'es  to  treat 
convulsions  in  children.  The  ethanolic  leaf  ex- 
tract contains  an  anticonvulsant  principle 
whicb  depresses  the  centrrd  ner\'f)iis  system. 
The  leaf  essential  oil  contains  tJ-i  inene  (13%), 
oct-l-en-3-ol  (12.5%),  p-car>uph\ lUne  (7%), 
octan-3-ol  (7%)  and  (E,E)-a-fome8aie  (6%)  as 
t  be  mnjnr  constituents. 

Botany  Annual  or  perennial,  slightly  succu- 
lent,  aromatic  herb  up  to   100  cm  tall, 

br.inclu'd:  stem  erect  or  decumbent.  4-angIed, 
shortly  pubescent.  Leaves  opposite,  simple; 
stipules  absent;  petiole  1,6-^  cm  long;  blade 
ovate,  5-9  cm  x  3-6  cm,  cuneate  at  base,  ob- 
tuse tn  acute  nt  apex,  margin  cronate  puboru- 
lous  and  gland-dotted  below,  distinctly  veined. 
Inflorescence  a  terminal  and  slender  false 
.spike  up  to  r-iQ  cm  long  consisting  of  oon^iact, 
sessile  or  shortly  stalked  dichasia.  Flowers 
bisexual,  zygomorphir  pedicel  up  to  3  mm 
long:  calyx  ui>  U>  1  .">  mm  long,  upper  tooth 
ovate,  2  lateral  teeth  shorter.  2  lower  teeth 
almost  completely  or  completely  fused;  corolla 
(5-)9-16  mm  long,  pubescent,  pale  bluish  pur- 
ple, with  cur\-ed  tube,  2-lipped  upper  lip  erect, 
short,  lower  lip  boat -shaped:  stamens  1,  curved 
within  the  lower  corolla  lip:  ovary  superior,  4- 
celled.  style  2-fid.  Pruit  consisting  of  4  orbicu- 
lar nutlets  c.  I  mm  in  diameter. 
Solenoslenioii  comprises  some  dozens  of  species 
and  occurs  in  Africa  and  Asia.  It  is  sometimes 
included  in  PUetrmi^uia.  Pleetrauthua  in  the 
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strict  sonsc  differs  in  its  calyx,  of  which  the 
lower  teeth  are  united  at  the  base  only, 
whereas  the  lateral  teeth  are  more  or  less 
equal  to  the  low  it, 

Soiaioslemon  monostachyua  is  variable  and 
has  been  divided  into  4  subspecies,  but  inter- 
mediate specimens  occur. 

Eksology  SoleiLoatemoii  monostachyiis  occurs 
in  a  range  of  habitats.  It  can  be  found  as  an 
annual  weed  in  anthropogenic  habitats,  but 
also  n  porennial  herb  or  even  subshrub  in 
rocky  savanna. 

Genetic  resources  and  breeding  Sole- 
noateiiioii  imiUDslacliyus  is  widosiirciid  in  West 
and  Central  Africa  and  common  in  many  re- 
giims,  and  consequently  not  Uable  to  genetic 
erosion. 

Prospects  Soh'iinsfciiion  mono8taeh\us  will 
probably  remain  a  minor  vegetable.  Mure  re- 
seardh  on  its  pharmacological  prcqperties  seems 
jiistiriod  in  viow  of  its  common  application  in 
traditional  medicine. 

Major  references  Beihaut,  J.,  1975b; 
lUiikill  1I,M  .  1995:  Leung,  W.-T.W,.  Busson, 
F.  &  .lunlin.  1968;  Adorton,  J.K.,  1962; 
Oden-Unu,  U.,  1990. 

Other  references  Busson,  F.,  1966;  Mve- 
\n)n,  C.K.  Moniit  (•  Lnmnty,  Zollo, 
P.H.A.,  Tchoumbuugnang,  F.  &  Bessiere,  J.M., 
1994. 

Authors  R.H.M.  J.  Lemmens 


SOLENOSTEMONBOTUNDIFOUUS  (Poir.) 
J.K.MoTtxm 

Protologtte  Joum.  Linn.  Soc.  Lond.,  Bot.  68: 

272  ( 

Family  l.aminccae  (Labiatae) 
Chromosome  number  2n  =  64,  84 
Syaoaytns  Qermatum  rotundifblia  Poir. 
(1812)  Ph'cl Kill  thus  Irnialn.s  Sims  (1824).  Pier- 
tlxtuthus  ivIundifoUus  (Poir.)  Spreng.  (1825), 
Cokua  dyaenterieiu  Baker  (1894),  Coleua  ro- 
tundifaUua  (Poir.)  ACSiev.  &  Perrot  (1905). 

Vernacular  names  ITausa  potato,  frafra 
potato,  Sudan  potato,  coleus  potato,  Zulu  round 
potato  (Ehn).  Pomme  de  terre  de  Madagascar, 

ponimc  lie  Icffc  i!u  Si  uil.in  (Fri, 

Origin  and  geographic  distribution  Sole- 
noatemtm  rottuidifoUus  originates  from  tropical 
Africa,  where  it  is  still  found  in  the  wild  in 
East  .Africa.  Tt  was  widely  rultivatod  in  the 
savanna  region  from  Senegal  to  western  Sudan 
and  in  South  Africa,  but  nowadays  there  are 
only  relics  of  former  cultivation  in  Mali, 


Soleno^emoii  rotuiidifoliua  -  wild  cuid  planted 

Ghana,  Nigeria  and  South  Africa.  As  a  crop  it 

is  now  more  important  in  trojiiral  Asia 

Uses  The  tasty  tubers  of  Hausa  potato  are 
eaten  as  a  relish  with  a  starchy  staple  food,  but 
occasionally  they  constitute  the  staple  food. 
They  are  tx>oked  with  sfjici  s  in  various  combi- 
nations with  other  foods  such  as  beans  and 
cooked  vegetables.  The^  are  often  roasted  and 

people  eat  them  whoU'  including' their  skin  .'IS 
a  snack.  In  northern  Ghana  farmers  use  them 
to  bridge  the  hunger  gap  between  planting  and 
harvest  of  the  main  staple  crops  The  tubers 
arc  made  into  filcnholic  ihinks.  'I'ho  leaves  are 
occasionally  used  as  a  potherb,  but  more  often 
in  traditional  medicine,  e.g.  for  the  treatment 
of  dysentery  m  Nigeria  The  plant  is  also  used 
to  treat  blood  m  the  urme  as  well  as  eye  disor- 
ders. It  has  various  sodocultural  uses.  Stems 
from  harvested  plants  ran  be  used  as  bedding 
material  f  r  Incstock  and  later  turned  into 
farmyard  manure. 

Frodnctkm  and  inteniHtioniil  trade  Hausa 
potato  has  declined  cnnsider.nhly  in  importance 
both  as  a  starchy  vegetable  and  as  a  staple 
crop;  it  has  been  replaced  by  higher-yielding 
starch  crops  such  as  cassava  and  sweet  potato. 
It  can  still  lie  iuund  in  cultivation  in  the  Kita 
region  in  Mali,  the  northern  districts  of  Lihana, 
the  Jos  Plateau  in  Nigeria,  and  northern  and 

enstem  parts  of  South  .\frica.  Production  data 
are  not  available.  International  trade  has  been 
reported  to  take  place  between  northern  Ghana 
and  Burkina  Faso. 

Properties  The  composition  of  the  raw  tu- 
bers per  100  g  edible  portion  is:  water  75.6  g, 
energy  394  kJ  (94  kcal),  protein  1.3  g,  fat  0.2  g, 
carbohydrate  21.9  g,  fibre  1.1  g,  Ca  17  mg,  Fe 
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6.0  mg,  thiamin  0.05  mg,  riboflnvin  0.02  mg, 
niacin  1.0  mg.  ascorbic  acid  1  mg  (Leung,  W.- 
T.W.,  Busson  F.  &  Jardin,  C,  1968). 

Description  Perennial  semi-succulent,  aro- 
matic heitt  up  to  lOt-eO)  cm  tall,  branched,  pro- 
ducing ovoid  tubers  up  to  4(-8)  cm  long;  stem 
erect  to  decumbent.  4 -angled,  shortly  pubescent. 
Leaves  opposite,  simple;  stipules  absent;  petiole 
2-3  cm  long;  blade  ovate,  2.5-8  cm  x  2-6  cm, 
cuneate  at  base,  obtuse  to  acute  at  ap<'\  a^argin 
cronato-drntato  puborulous  and  fjl.ind-dottcMl 
below,  distmctly  veined.  Iniloi-escence  a  termi- 
nal and  slender  false  spike  up  to  15  cm  long, 
consist  mg  of  compact,  sessile  dichasia,  Flowers 
bisexual,  zygomorphous;  pedicel  up  to  l(-2)  mm 
lung;  calyx  campanulate,  1.6-3  mm  long,  glan- 
dular-hispid,  upper  tooth  ovate,  2  lateral  teeth 
small.  2  lower  teeth  almost  completely  fu^crj 
corolla  4-8  mm  lung,  pubescent  and  giand- 
dotted,  with  curved  tube,  2-lipped,  upper  lip 

erect  l-loln  fl  whitish,  lower  lip  bnal -shajiod, 
bluish  purple;  stamens  4,  shoitly  united  at  base, 
curved  witiiin  the  lower  corolla  hp;  ovary  supe- 
rior, 4-celled,  style  2-fid.  Fruit  omsisting  of  4 
nutlets,  but  rarely  devflojiing. 

Other  botanical  information  Sulviiosle- 
mon  comprises  some  dozens  of  species  and  oc- 
curs in  .Xfrira  ,ini!  Asia.  It  is  snm(Miini's  in- 
cluded m  Plecli-anlhus.  Ph'tlrajiUiua  m  the 


Solenostemou  rotundifoUus  -  1,  lou  er  part  of 
pkait;  2,  flowering  hrtaich. 
Source:  PROSEA 


strict  scncc  differs  in  its  calyx,  of  which  the 
lower  teeth  are  united  at  the  base  only, 
whereas  the  lateral  teeth  are  more  or  less 

equal  to  the  lower. 

The  Hausa  potato  is  sometimes  confused  with 
other  tubei^bearing  Lamiaeeae  species,  par- 
ticularly Plecfmnthus  csruli'iitiis  N.E.Br.  (Liv- 
ingstone potato),  which  differs  in  its  cylindrical 
stems,  elongate  tubers  and  larger,  yellow  flow- 
ers, and  Pleclranlhua  edulis  (Valke)  Agnew 
(Ethiopian  potato),  which  differs  in  its  trailing 
stems  rooting  on  the  nodes,  irregularly  shaped 
tubers  and  ascending  hairy  inflorescences  with 
bright  blue  flowers. 

Tubers  of  Ilausa  potato  can  be  found  m  a  di- 
versity of  shapes,  sizes  and  colours.  Types  with 

a  grej'  to  blackish  brown  tuber  skm  are  found 
in  Mali,  whereas  tubers  with  a  skin  colour 
ranging  from  pale  yellow  to  dark  red  are  found 
elsewhere  in  Africa.  There  are  also  wild  types 

without  tiihi-rs 

Growth  and  development  Tubers  occui'  in 
cluBt«rs  of  3—7,  either  at  the  base  of  the  stem  or 
at  the  nodes  below  the  soil  surface.  They  are 
ready  for  harvesting  1.50-200  days  after  plant- 
ing by  which  time  the  plant  has  flowered  and 
aerial  parts  have  become  senescent.  Most  tu- 
bers found  in  .Africa  are  2..')— I  cm  1-11  cm. 
but  some  reach  up  to  8  cm.  Such  larger  tubers 
are  the  norm  in  India  and  Sri  Lanka,  where 
yields  are  also  higher  than  those  in  Africa's 

<('mi-.'irid  /ones. 

Ecology  SoU'iiosteinoii  roluiidi/oiius  occurs 
wild  in  grassland  in  East  Africa,  up  to  2200  m 
.iltitLide  in  Kenya  It  is  suited  for  cultivation  in 
margmal  areas  m  dry  savanna  with  puur  soils. 
However,  tubers  may  not  be  formed  when  rain 
IS  insufficient.  WTien  there  is  too  much  rain, 
the  tubers  tend  to  branch,  which  is  dislil«  i!  hy 
consumers  because  they  are  then  difficult  to 
peeL  Hausa  potato  requires  full  sunlight  and 

shade  from  other  crops  reduces  yields.  Tubers 
are  formed  with  relative  ease  in  sandy  soil,  but 
will  not  develop  well  in  compacted  heavy  soil. 
Soils  should  be  well  drained  as  waterlogging  is 

not  tolerated 

Propagation  and  planting  i  lausa  potato  is 
normally  propagated  vegetatively  by  tubers, 
sucl«  rs  or  snft-wnndy  stem  cuttings  because  it 
produces  few  seeds  despite  the  many  flowers. 
Planting  is  done  at  the  beginning  of  the  rainy 
season  either  in  mounds  or  ridges  or  in  well- 
drained  loose  soil  on  flat  ground.  In  (lhana 
only  sprouted  tubers  are  planted  with  the 
growing  end  placed  at  the  soil  surface  and  not 
covered  by  soil.  Burying  will  delay  sprouting. 
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Ridges  are  spaced  at  90  cm  and  plants  are 
spaced  at  15-20  cm  in  the  ridges,  resulting  in  a 
plant  density  of  about  60,000  plantn/ha.  in 
South  .\frica  tubers  are  phinted  at  a  depth  of 
5-10  cm  with  a  spacing  of  25  cm  on  ridges 
spaced  at  75  cm.  Cuttings  are  used  occasionally 
and  planted  in  pairs  facing  opposite  diret  fnins 
They  are  placed  at  a  depth  of  5  cm,  but  with 
the  gnnving  point  clearly  above  the  soil  sur- 
face. Farmers  in  Ghana  apply  wood  ash  and 
diluted  cattle  urine  prior  to  planting  to  pro- 
mote growth  and  development  of  the  crop. 
Experimental  in-vitro  multiplication  by  tissue 
culturi'  u  as  successful,  using  stem  meiistems, 
apices  and  nodes. 

Management  Hausa  potato  ia  grown  either 
as  a  sole  crop  or  intercropped  with  bambara 
groundnut,  yam.  okra  millet  maize  or  soryhum 
Because  of  the  comparatively  low  yieldii,  ptnjple 
hardly  apply  manure  or  fertilizer.  In  Ghana, 

hn\vev(M-,  miirh  hotter  yields  were  obtained 
when  a  liberal  appUcation  of  organic  material 
was  incoiporated  into  the  ridges  or  mounds  be- 
fore planting,  followed  by  a  topdressing  of  NPK 
fertihzer  (e.g.  XPK  10-8-8  at  a  rate  of  12.5 
kg/ha).  Wlien  the  crop  is  well  established, 
earthing  up  with  loose  soil  is  neoessaiy  for  good 

tuber  development.  Irrigation  may  be  required 
during  the  diy  season  for  crops  planted  towards 
the  end  of  the  rainy  season.  Cultivation 

Umn^houtthe  year  is  j>ossible 

Diseases  and  pests  The  in(  i(i<  nee  of  pests 
and  diseases  in  Hausa  potato  is  generally  low. 
Tuber  rot,  virus  mottling  and  scab  have  been 
observed,  as  well  as  damage  by  termite-^,  centi- 
pedes and  potato  wee\  ils.  Millipedes  bore  holes 
in  the  tubers.  Grasshoppers  and  stem  borers 
may  attack  the  leaves.  In  South  Africa  it  is 

believed  that  the  ernp  suppresses  nematode 
populations,  but  the  Crop  Research  institute  m 
Kumasi,  Ghana,  has  fimnd  that  infestation  by 

nematodes  may  lend  to  large  yield  losses  so 
that  further  research  is  needed.  VVliere  pigs 
roam  freely  these  are  the  most  serious  pest. 

Harvesting  When  the  leaves  and  stems  dry 
out  and  tubers  have  reached  maturity,  the 
plants  are  harvested  with  iheir  tubers  still 
attached  by  gently  excavating  them.  The  tu- 
bers are  then  removed  and  packed  in  baskets 
or  sacks.  I'ubei's  left  in  the  soil  are  hable  to 
rapid  decay. 

Yield  Tuber  yields  depend  strongly  on  the 
amount  and  regularity  of  the  rains.  In  ♦  lhana 
yields  range  between  5  and  15  t/ha  when  condi- 
tians  are  good,  but  are  considerably  lower 
when  soil  fertiUty  or  rainfall  are  poor.  Experi- 


mcntal  work  carried  out  at  Roodeplaat  in 
South  Africa  has  indicated  that  the  potential 
yield  could  l><  up  to  45  t/ha  when  adequate 
irrigation  and  |)lant  nutrients  are  provided 
together  with  good  agronomic  practices. 

HandUng  after  harvest  Hausa  potato  is 
dilTicuh  to  store,  Traditionally  the  tubers  are 
stored  in  the  ground  under  a  tree  where  it  is 
cooler  than  in  the  open.  When  stored  in  this 
way  tmder  hot  conditions  th(>  special  taste  of 

Hausa  potato  usually  lasts  for  two  months 
only,  after  which  the  tubers  become  bland  and 
are  no  longer  considered  a  delicacy.  Hausa 
potato  is  also  packed  in  bags  or  baskets  stuffed 
with  straw,  but  if  these  are  kept  under  warm 
conditions  the  tubers  will  soon  shrivel  and  are 
no  longer  edible.  To  keep  the  tub.  i  -  I  nger, 
{leople  put  them  in  [)ots  sealed  with  cow  dung. 
The  small  tubers  needed  for  the  next  planting 
season  are  stored  in  this  way.  In  cooler  oondi- 
tions  such  as  in  highland  regions  or  in  South 
Africa,  storage  is  easier. 

Genetic  resources  Hausa  potato  has  be- 
come a  rare  food  crop  in  Africa.  It  also  seems 
unwimmon  in  the  wild  However,  there  is  still  a 
wide  diversity  of  both  wild  and  culluated 
germplasm  throughout  the  African  continent. 
The  Vegetable  and  Omamint.il  Plant  In.sti- 
tute,  Pretoria,  South  Africa  mamtains  germ- 
plasm  collected  in  Malawi,  Zambia  and  South 

.Africa.  ;\  small  gerni])I,ism  i  i  i  n  -  also 
held  at  the  Plant  (Icnctic  Kcsoui-cc-  Venire  in 
Bunso,  Ghana.  More  elaborate  collection  of 
germplasm  all  over  Africa  is  needed  to  main- 
tain this  traditional  crop  for  future  genera- 
tions. Outside  Africa  collections  are  mamtamed 
at  the  Plant  Genetic  Resources  Centre,  Gan- 
noruwa,  Perad(*niya,  Sri  Lanka  and  at  the  Cen- 
tr.il  Tubi  r  ('ropa  Research  Institute,  Trivan- 
drum,  India. 

Breeding  Very  little  breeding  work  on 
Hausa  potato  has  been  done.  Breeding  to  in- 
crease the  size  of  the  tuber  is  highly  desirable. 
Selection  in  seed-propagated  populations  m^y 
result  in  productive  virus-free  types. 

Prospects  Ilausa  potato  has  good  prospects 
as  a  delicate  vegetable  if  cultural  practices 
could  be  improved  in  combination  with  im- 
proved cultivars.  However  as  a  vegefntively 
propagated  crop  it  is  of  no  interest  to  seed 
companies.  Although  as  a  starchy  staple  food 
Hausa  potato  cannot  compete  with  cassava, 
yams  and  sweet  potatoes,  it  may  be  of  some 
interest  for  diyland  i*egions  with  poor  soils, 
wbow  the  choice  of  atardiy  crops  is  limited. 
Comparatively  little  is  known  about  this  crop 
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and  research  is  badly  needed,  not  only  concern- 
ing cultural  practice  but  also  taking  into  ac- 
count wild  populations. 

Major  references  Agnew,  A.D.Q.  &  A«ne\v 
S.,  1991;  Allemann,  J.  &  Coertze,  A.F.,  1997; 
Apabol,  R.R.,  1997;  BurkiU,  H.M.,  1995;  Codd, 
L.E..  1970:  Jansen.  P  C  M.,  1996:  Kay,  D.E.  & 
Gooding,  E.iMV  1987;  Miege,  J.  &  Moncousin, 
C.  1989;  Schijjpers,  R.R.,  2000;  Tetteh,  J.P.  & 
Guo,  J.I.,  1993. 

Other  references  Codd,  L.E.,  1!)H,-,:  Du- 
priez,  H.  &  De  Leaner,  P.,  1989;  Harlan,  J.K., 
De  Wet,  J.M.J.  &  Stemler,  A.B.L.,  1976;  Leung, 
W.-T.W,.  Bu8son.  F.  &  Jardin.  C.  ]9(^fi:  Mur- 
dock,  G.P.,  1959;  Tindali,  H.D.,  1983;  van  Wyk, 
B.E.  &  Gericke,  N.,  2000. 

Sources  of  illastration  Jansen.  P.C.M.,  1996. 
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SONCHUS  ASPER  (L.)  Hill 

Protologue  Herb.brit.  1:  47  (1769). 
Family  Asteraoeae  (Compositae) 
Chromosome  mmiber  2//  =  18 
Synonyms  Soncluia  uL'taceus  L.  var.  aaper 
L.  (1763). 

Vernacular    names    Prickly   sow  thistle 
rough   suw    ihisLle,    spmy   sowthistle  (£n). 
Laiteron  epmeux,  laiteron  rud^  laiteron  pi< 
quant,  laBtrom  piquant  (Fr).  Serralha  aspera, 

serrnlhn  profn  srrrnlhn  espinhosn  fPo). 

Origin  and  geographic  distribution  Son- 
ehus  asper  is  widespread  in  AMca  (induding 
Madn^asiar),  Asia  and  Europe.  In  southern 
Africa  it  is  widespread  but  infrequent.  It  has 
been  introduced  in  the  Americas  and  is  now 
widespread  thoretoo. 

Uses  The  leaves  are  eaten  as  a  conked  vege- 
table, or  occasionally  raw  ui  salads.  Soiiclius 
asper  and  Sonchus  oleraems  L.  are  used  in  the 

same  way  and  are  often  mixed  as  they  are  dif- 
ficult to  distinguish.  In  the  Mediterranean  re- 
gion and  South-East  Asia  use  of  Sonehus  aaper 
as  a  vegetable  is  widespread,  in  Africa  its  use 
as  a  vegetable  is  reported  from  Madasifisear 
but  it  IS  probably  used  elsewhere  too.  The  latex 
has  been  used  to  treat  warts. 

Properties  The  leaves  of  Soiichiie  €Uper 
taste  quite  bitter  and  contain  per  100  g  edible 
portion:  water  86  g,  energy  1 1 1  kJ  (27  kcal), 
protein  3,3  g,  carbohydrate  2,0  g.  fibre  3,6  g.  Ca 
99  mg,  Mg  29  mg,  P  19  mg,  Fe  3,0  nig  Zn  0.0 
mg,  carotene  8  mg,  ascorbic  acid  63  mg  (Guil- 
Guerrero,  JXi.,  Gimenez-Gim^nez,  A.,  Rodri- 
guez-Garda,  I.  &  Torija-Isasa,  M.E.,  1998). 


Sesquiterpene  lactones,  especially  of  the  cu- 
desmanolide  type,  have  been  isolated  from  both 
roots  and  aerial  parts;  several  of  these  are 
known  to  be  effective  against  PI  i  ism  odium  fid- 
cipaiuin,  fungi  and  inflammations. 

Botany  Annual  or  sometimes  biennial  herb 
up  to  2  m  tall:  stem  ridged,  simple  or  branched. 
Leaves  alternate,  simple;  blade  oblanceolate, 
4-30  em  x  1-9  cm.  pinnately  lobed  with  wide 
triangular  lobes  to  t(M)thed  base  amplexicaul 
with  rounded  auricles,  but  basal  lea\es  attenu- 
ate at  base,  apex  acute;  distal  leaves  smaller 
and  less  lobed.  Inflorescence  a  stalked  head, 
many  arranged  together  in  a  lax.  leafy  corymb; 
involucre  12-14  mm  long.  Flowers  bisexual, 
ligulate,  yellow;  corolla  tube  6  mm  long,  ligule 
4-5  mm  long;  stamens  5,  anthers  united  into  a 
tube  around  the  style;  ovary  inferior.  1 -celled, 
style  2-branched.  Fruit  a  strongly  flattened, 
ribbed,  smooth  adiene  up  to  3.6  mm  long,  with 

white  pappus  0-9   mm   long.   Seedling  with 
epigeal  germination;  hypocotyl  0.5-1.5  cm  long; 
cotyledons  leafy,  oblong-elliptical. 
Sonchtia  comprises  about  60  species,  out  of 
which  17  have  been  recorded  in  tropical  AfVu  a 

Ecology  Souchua  asper  is  a  weed  of  culti- 
vated fields,  and  is  abo  found  in  grassland, 
along  lakeahores  and  on  mud,  at  750-2550  m 
altitude. 

Management  Sonehua  asper,  like  Sanehue 
oleraceura,  may  be  a  host  of  insect  pests  and 

viral  diseases  that  may  affect  crops,  notably 
crops  belonging  to  the  Solanaceae  and  As- 
teraeeae  fiamilies.  Harmfiil  viruses  of  tomato 
and  lettuce  have  been  found  in  Sonchus  asper 
in  temperate  regions,  as  well  as  a  thrips  spe- 
des.  Although  Sonchus  cuper  is  a  weed,  it  is 
generally  not  considered  noxious  in  agriculture 

.md  horf irnltnre. 

Genetic  resources  and  breeding  As  Son- 
ehua a^ter  is  widespread  no  genetic  erosion  is 

envisaged  even  thon<:h  if  is  mostly  not  veiy 
abundant  throughout  its  range. 

Prospects  Although  possibly  underutiUzed 
as  a  vegetable,  promotion  of  Sonchus  asper  is 
not  recommendf'd  licrause  of  its  weedy  nature. 

Major  references  Beenlje,  ll.J.,  2000; 
BurkiU,  H.M.,  1986;  Decary,  R,  1946;  Guil- 
Huerrern  JL.  ' ;jmrn'  /-nimenez.  A.,  Rodli- 
guez-Garcia,  1.  &  Tonja-lsasa,  M.E.,  1998. 

Oilier  references  Groves,  R.L.,  Walgen- 
bach.  J.F,.  Moyer,  J.W.  ft  Kennedy,  G.G.,  2001; 
Helal  A.M..  Nakamura,  N.,  El-Asknn,-  H.  & 
Hattori,  M.,  2000;  Hidajat,  E.B.,  1993;  Pope, 
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SONCUUS  OLERACEUS  L. 

Protologue  Sp.  pi.  2:  794  (1753). 

Family  Asti'i'Mr.  m.  f '^ompositae) 
Chromosome  number  2ii  -  32 
Vernacular  names  Smooth  sow  thistle, 

annual  thistle,  common  sowthistlo  milk 
thistle  (En).  Laiteron  potager,  laiteron 
maratcher,  laiteron  commun,  lastron  (Fr).  Ser- 
ralh.i  hranca,  serralha  miici,-!  Icila  ruga  (Po). 

Ori^n  and  geographic  distribution  .Son- 
elms  olemceua  is  native  to  Eurasia  and  north- 
ern Africs.  It  is  currently  a  cosmopolitan  weed. 

Uses  Throughout  Africa,  the  primary  use  of 
Sonehus  olemceua  is  as  a  cooked  leafy  vegeta- 
ble, but  it  is  also  eaten  raw.  The  tender  leaves 
are  eaten  as  a  salad  and  some  people  also  eat 
the  juicy  root.  In  Uganda  the  Langi  |)eople  first 
dry  the  leaves  and  later  bull  and  mash  them  tu 
be  added  to  beans  or  made  into  a  sauce  that  is 
cnfcn  with  n  staple  food.  Tn  Tan/.'inin  and 
Madagascar  the  roots  are  used  as  a  purgative, 
and  in  Tanzanis  as  an  abortifacient  and  vermi- 
fuge. The  use  of  leaf  sap  to  treat  earache  (Tan- 
zania. China.  Xew  Zenlatul)  and  deafness 
(western  Europe)  is  probably  effective  in  cases 
where  excessive  amounts  of  earwax  are  the 

undorlying  cause  of  the  problem.  The  leaves 
are  said  tu  clear  mfectiuns,  are  used  as  a  seda- 
tive. Stomachic,  diuretic  and  to  treat  liver  dis- 
eases, including  hepatitis.  Further  medicinal 
uses  are  the  treatment  of  eye  problems  (Bu- 
rundi), gastritis,  salmonella  infection  (Mada- 
gascar), kwadiiorkor  and  anaemia  (Burundi, 
Sudan.  l'y;anda).  In  China  the  latex  is  used  as 
a  cure  fur  upium  addiction  and  tu  treat  warts 
and  cancer.  For  Burundi  several  veterinary 

applications  are  recorded  (e^  to  treat  diar- 
rhoea haematuna  vnpinal  |)n^l;iiise)  Sow- 
thistle  18  a  favourite  food  for  rabbits  and  poul- 
tiy  and  it  is  also  used  as  fodder  for  cattle.  The 
white  latex  is  suspected  of  beinc  mildly  poison- 
ous and  cases  of  poisoning  of  lambs  (Somalia) 
and  hKMTses  (Australia)  have  been  attributed  to 
Simehus  oleraceus. 

Properties  The  leaves  taste  mild  to  quite 
bitter.  Leaves  contain  per  100  g  edible  portion: 
water  87  g,  energy  1 10  kJ  (26  kcal),  protein  3.2 

rarbohyrlrate  1.8  c  fibre  .'i..'^  <i.  Ca  '.VI  mp  Ms; 
76  mg,  P  58  mg,  Fe  3.8  mg,  Zn  0.8  mg,  carotene 
16  mg,  ascorbic  acid  78  mg  (Guil-Guerrero, 
J.L.,  Gimenez-Gimenez.  Kodriguez-Garda, 
I.  &  Torija-Isasa,  M.E.,  1998). 
Callus  cultures  of  Sonehus  oleraceus  showed 
broad  spectrum  antibacterial  activity.  The 
aqueous  extract  demonstrated  acariddal  activ- 


ity against  the  two-spotted  spider  mite, 
Tetranychiis  urticae.  Sesquiterpene  lactones, 
especially  of  the  eudesmanolide  tjrpe,  have 
been  isolated  from  Soiicliu.'t  species 

Botany  Annual  or  bieimial  herb  up  to  1.1  m 
tall;  stem  ridged,  simple  or  branched.  Leaves 
alternate,  simple:  blade  lanceolate  or  oblanceo- 
late,  4-30  cm  x  1-9^-17)  cm,  deeply  pmnately 
iobed  with  few,  reflexed  lobes,  coarsely  toothed, 
base  amplexicaul  with  pointed  auricles,  but 
basal  leaves  attenuate  at  base  apex  rounded  or 
acute;  distal  leaves  smaller  and  less  lobed,  In- 
floresoraice  a  stalked  head,  few  to  many  to- 
gether arranged  in  a  lax  leafy  corjTnb  or  pani- 
cle; involucre  10-13  mm  long.  Flowers  bisex- 
ual, ligulate,  yellow;  corolla  tube  6—7.6  mm 
long,  ligule  c.  6  mm  long:  stamens  5,  anthers 
united  into  a  tube  amund  the  '^tyle:  ovary  infe- 
rior, 1 -celled,  style  2-branched.  Fruit  a  slightly 
flattened,  ribbed,  rugose  adtene  up  to  4  mm 
long,  with  whitc^  ikijij  us  7—8  mm  long.  Seedling 
with  epigeal  germmation;  hypocotyl  0.5-1  cm 
long;  cotyledons  leafy',  oblong-elliptical. 
Sonehus  comprises  about  60  species,  of  which 
17  have  been  recorded  in  tropical  Africa.  The 


Sonehus  oleraceus  -  plant  hctbit. 
Source:  PROSEA 
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many  small  light  seeds  of  Sonchus  oleraceut 
disperse  readily  by  wind  and  water.  Germma- 
tion  can  take  place  at  temperatures  ranging 
from       to  over  35°C. 

Ecology  Sonchus  olemceus  is  mainly  found 
in  di8tui4)ed  localitiea,  induding  farmland, 
abati'lunt  'i  l  fn  kls.  and  recently  burned  fields,  up 
to  265U  m  altitude. 

Management  In  Africa  Sonchus  oleraems  is 
rollcc  lod  from  the  wild  and  is  not  cull ivalcd.  It 
is  only  tr.ulcc]  on  a  small  sralc  at  loral  markrts, 
e.g.  in  Tanzania.  In  Indonesia  it  is  cultivated 
on  a  small  scale,  and  also  in  ancient  times  in 
Ehirope.  Thi-  number  of  viral  diseasr-s  it  hosts  is 
large  (e.g.  watermelon  mosaic  virus  (WMV), 
pepino  mosaic  virus  (PepMV),  tomato  spotted 
wilt  virus  (TSWV)  and  alfalfa  mosaic  virus 
(A\r\'>V  Saiichus  ulrntcoiis  furthiT  is  a  host  for 
castor  whilefly  {Trialeurodes  ricini),  Beiiiistu 
whiteflies,  cotton  bollworm  (Hetieoverpa  ar- 
fiiigrrn)  and  the  nrmatodo  R(uJni)Iinlii.s  .liiDi'lis. 
Sonchus  oleraceus  is  a  preferred  host  for  the 
cotton  bollworm. 

Genetic  resources  and  breeding  In  view 
of  its  worldwide  distribution  and  abundance 
there  is  no  threat  of  genetic  erosion  and  there 
have  been  no  attempts  to  collect  and  maintain 

Prospects  Interest  from  suentists  in  Sou- 
ehua  ideraceus  will  continue  to  be  focused  on  its 
role  in  crop  yield  reduction  and  as  a  host  of  dis- 
cnses  and  prst«.  Monitorinc  and  rontrol  of  insert 
populations  w  ith  this  species  as  a  trap  crop  of- 
fers possibilities.  Medicinal  and  toxic  properties 
require  further  investigations  As  a  \-ogetable  it 
is  likely  to  remain  of  minor  unportance. 

Bilajor  references  Andersen,  R.N.,  1968; 
Beentjo  H.J.,  2()()();  Guil-Cuerrero,  J.L.,  Gime- 
nez-(iim6noz.  A.,  Rodripiio'/-' ^arn'a  T  &  Torija- 
laasa,  M.E.,  1998;  Herbison-Evans,  D.  & 
Crossley,  S.,  2003;  Katende,  A.B.,  Ssegawa,  P. 
&  Bimie  A.,  V.y.",K 

Other  references  Baerts,  M.  &  Lehmann, 
J.,  2002h;  BurkiU,  H.M.,  1985;  Decary,  R., 
1916;  Gu,  H.,  Cao.  A.  &  Walter,  G.II.,  2003: 
Ilidajat  E.n  .  1993;  Khafagi-lshrak,  K  .  1999; 
Leonard,  D.B.,  2003;  Pope,  G.V.,  1992;  Watt, 
J.M.  &  Breyer-Brandwqk,  MG.,  1962. 
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Authors  R.K.  Schippers 


SPINACIA  OLERACEA  L. 

Protologue  Sp.  pi.  2:  1027  (1753). 

Family  CIienqx)diaceae  (APG:  Amarantha- 

ceae) 

Chromosome  nmuber  2it  =  12 
Vernacular  names  Spinach  (En).  Epinard 

(Fr)  Espinafre  (Po). 

Origin  and  geographic  distribution  Spin- 
ach  is  no(  known  in  a  wild  state.  It  probably 
orijiinated  in  northern  Iran  Afphanistan  and 
Turkmenistan  where  related  wild  species  such 
as  Spinacia  tetrandra  Steven  ex  M.Bieb.  and 
Spinacea  turheshiitica  Iljin  can  he  found  It 
spread  to  China  in  the  7^  century  and  to 
Europe  in  the  12^  century.  Spinach  is  now 
cultivated  worldwide  mostly  in  temperate  re- 
gions, but  also  in  the  cooler  parts  of  the  tropics. 
In  tropical  Africa  it  is  grown  to  a  limited  extent 
in  the  highland  areas  of  East  and  southern 
Africa. 

Uses  Spinach  is  an  important  green  leafy 
vegetable  in  temperate  dimates.  The  entire 
above-ground  part  of  jroung  plants  or  the  tops 

of  older  plants  are  generally  consumed  after 
light  cooking.  Raw  spmach  is  sometimes  eaten 
in  salads.  In  Africa  it  is  entirely  a  fresh  matket 

product;  in  western  Europe  and  Xorth  .America 
more  than  half  of  the  produce  is  processed  mto 
canned  or  deep-frozen  products. 

Production  and  international  Inidfl  In 
2002  sotne  2  J>  million  t  fresh  spinach  was  pro- 
duced worldwide  from  170,000  ha,  excluding 
China.  The  total  area  under  spinadi  was 
30.000  ha  in  Europe.  2G.000  ha  in  Japan 
22,000  ha  in  Turkey  and  18,000  ha  m  North 
America.  The  area  for  China  alone  was  esti- 
mated al  590,000  ha  w  ith  a  production  of  7.8 
million  t,  but  this  probably  includes  several 
other  green  leafy  vegetables.  No  statistics  are 
available  for  tropical  Africa,  because  here  spin- 
.u  h  is  only  ?rown  as  a  home  garden  crop  for 
European  cuisine. 

Properties  Spinach  contains  per  100  g  of 
fresh  leaves  (ribs  and  stems  removed,  81%  of 
the  product  as  purchased);  water  89.7  g.  energy 
lOo  kJ  (25  kcal),  protein  2.8  g,  fat  0.8  g,  carbo- 
hydrate 1.6  g,  dietaty  fibre  2.1  g,  Ca  170  mg, 
Mg  54  mg,  P  15  m<:  Fe  2.1  mg,  Zn  0.7  mg. 
carotene  3535  t^g,  thiamin  0.07  mg,  riboflavin 
0.09  mg,  niacin  1.2  mg,  folate  150  pg,  ascoibic 
acid  2*1  niK  (Holland.  B,.  L^nw  in.  I  D  &  Ikiss, 
D.H.,  I99I).  In  addition  to  a  high  nutritional 
value  with  respect  to  micronutrients,  spinach 
is  a  good  source  of  flavonoid  antioxidmts.  It 
also  contains  oxalic  acid  and  free  nitrates,  but 
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these  are  not  considered  harmful  when  average 
consumpt  ion  is  less  than  100  g  spinadi  per  day. 

Adulterations  and  substitutes  In  AMca 
Ceylon  spinach  (/-fa.sc/A;  (tlha  L.)  is  ;>  rcnson- 
able  substitute  tor  spmacli.  There  is  also  a 
wide  variety  of  other  leafy  vegetables  such  as 
atn;iratUh-<  and  Solaiiuiit  species, 

Description  Usually  dioecious,  glabrous 
annual  herb  up  to  160  cm  tall,  with  a  lon^  (np- 
root.  L('iiv<>s  initially  forming  n  n)s<itc.  ai- 
ranprd  sjiirally  on  stems,  simple;  stijujlcs  ab- 
sent; petiole  6-12  cm  long;  blade  angular-ovate 
to  hastate,  with  round  to  sharply  pointed  basal 
lobes.  9-30  cm  >:  7-20  cm.  entire,  pale  tt>  dark 
green.  Inflorescence  an  axillaiy  cluster,  in  male 
plants  ekngated  and  i^ike-like,  up  to  10  em 
long.  Flowers  usually  unisexual,  rarely  bisex- 
ual small,  greenish:  male  flowers  with  (L'-)  1(- 
5)-lobed  perianth  and  3— o  stamens;  lemale 
flowers  without  perianth  but  with  2(—4)  bracte- 
oli  s  Iifiominf:  a  hard  shell  tightly  enveloping 
the  t'ruit,  ovary  superior,  1-celled,  stigmas  4- 
5(-6),  thread-like.  Fruit  a  utricle,  indehiscent, 
teeth  of  envelope  sometimes  developing  into 
prickh's  1 -seeded  Seed  dull,  obtusely  mar- 
gined. Seedlmg  vv  ilh  epigeal  germination. 


Spinacia  olerarm  -  1,  habit;  2,  stew  u  ilh  male 
inflorescences;  3,  part  of  stein  with  prickly 
fruits;  4,  part  of  stem  with  tum-priekly  fruits. 
Redrawn  and  adapted  by  Jskak  Syamsudm 


Other  botanical  information  Many  culti- 
var  classifications  exist,  based  on  fruit  and  leaf 
diaracteristics.  A  major  division  is  into  culti- 
vars  with  prickly  fruits  also  classifu'd  as  v,'ir 
olemcea,  and  cultivars  with  non-prickly,  i"ound 
firuits,  also  classified  as  var.  inermis  (Moench) 
Metzg,  or  var.  glabra  (Mill,)  Moench,  Cultivars 
are  also  grouped  according  to  leaf  colour  (pale 
or  dark  green)  and  leaf  texture  (smooth,  semi- 
smooth  and  crumpled).  Asian-type  spinach 
cultivars  arc  fast-growing  and  quick -liolt ing, 
have  hastate,  thin  and  smooth  leaves,  long 
petioles  whidi  are  purple-red  at  the  base,  and 
often  prickly  fruits.  Leaves  should  be  dark 
green  according  to  Japanese  and  pale  green  to 
CSiinese  prefermoes.  European  and  American 
cultivars  vary  from  quidc-growing  win- 
ter/spring types  with  jiale  green,  thin  and 
smooth  leaves  to  sluw-boltmg  summer  types 
with  dark  green,  smooth  to  crumpled  leaves; 

the  jH  liolc  is  groon  or  j)ink  al  lh(>  base. 
Examples  of  old  open-poUinated  cultivars  are 
'Munsteriander'  (smooth  leaves)  and  'Blooma- 
dale  Longstanding'  (cmmpled  leaves).  AU  mod- 
em cultivars  are  Fi  hvlu  iils. 

Growth  and  development  Spinach  is  nor- 
mally dioecious  with  almost  equal  proportions 

of  male  and  female  plants  Init  many  gi'ada- 
tions  of  monoectsm  and  hermaphroditism  are 
known.  In  horticulture,  the  fruit  of  spinach 
(utricle I  is  usually  called  the  seed.  Dry  spinach 
seed  wd!  remain  viable  for  2-.'^  years  at  ambi- 
ent temperatures  and  5-6  years  when  stored  at 
5"C  and  30%  relative  humidity.  Depending  on 
season  and  genotype,  seedlings  emerge  6-20 
days  after  sowing  and  35-100  days  later  the 
rosette  is  fully  grown  with  the  first  signs  of  the 
flowering  stem.  Spinach  is  wind-pollinated. 
Seeds  are  mature  about  HO- 70  days  after  flow- 
ering, when  plants  quickly  senesce  and  die  off. 

Ecology  Asian  spinadi  cultivars,  being 
adapted  to  short -day  autumn  or  winter  sea- 
sons, bolt  readily  in  response  to  photoperiods  of 
12—14  hours.  In  Ehirope  spinadi  is  grown 
mostly  in  early  spring  and  summer  (north- 
western Europe)  and  requires  a  dayli  rii^lh  "f  ;it 
least  14  hours  for  stem  and  llower  lormulion. 
Optimum  growing  temperatures  are  16—20^, 
but  spinach  is  toler.inl  nf  I(n\-  Icmperatures 
(3"C)  and  even  of  light  fiost  ui  some  winter 
types.  Vegetative  growth  is  retarded  by  tem- 
peratures in  excess  of  In  East  Africa 
spinach  cannot  be  grown  successfully  at  alti- 
tudes below  1200  m.  Soils  should  be  light  in 
texture,  fertile,  well-drained,  rich  in  organic 
matter  and  with  pH  6-7.6. 
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Propagation  and  planting  The  weight  of 
1000  seeds  is  9-13  g.  Spinach  seeds  are  broad- 
cast, or  preferably  sown  in  rows  (5-15  cm 
apart)  1-3  cm  deep  m  carefully  prepared  soil. 
Seed  rates  are  15-25  kg/ha  for  Asian -type 
spinadi,  60-100  kg/ha  for  the  European  and 
Ainericiin  priK'cssnit;  (ilcep-freezing  and  cnn- 
ning)  mdustry.  15U  kg/ha  (summer)  to  400 
kg/ha  (winter/spring)  fur  the  fresh  market. 

Management  <  'ontrol  of  weeds  can  only  be 
cnrricH  out  shortly  bcforn  sowing  by  tillage  or 
application  of  herbicides.  For  optimum  yield 
and  quality  apinadi  needs  high  doses  of  N  and 
K  fertilizers  as  well  as  a  regular  water  supply 
throughout  the  season. 

DiseaMS  and  pests  llie  most  important 
disease  is  downy  mildew  (F\'i-onospora  farinosa 
f  sp  spittaciao).  Control  liy  funKicules  is  diffi- 
cult. Host  resistance  to  7  physiological  races  is 
available  in  some  modem  Ft  hybrids,  but  a 

new  virulent  rnce  h;is  been  found  recently  that 
is  capable  of  overcoming  this  resistance.  Blight, 
caused  by  cucumber  mosaic  virus  (CMV),  is 
especially  important  in  warm  and  humid  con- 
ditions: chemical  control  of  the  vector  aphids 
{Aphis  fabue  and  AJyzus  peisicae)  reduces  inci- 
dence and  some  cultivars  are  blight  tolerant. 
Fusarium  i!<  <lin''  (Fm^nHii m  oxysponim  f.sp. 
apmaeiae)  and  white  rust  {Albugo  occidenlaUs) 
are  particularly  important  la  the  United 
States.  Seedling  damping-ofT  caused  by  Py- 
f  hill  in  spp.  and  Rhiznctonia  spp.  ran  be  pre- 
vented by  seed-dressmg  with  fungicides.  Bacte- 
rial rot  {Erwittia  earoiovora)  may  destroy  har- 
vested spinach  leaves  when  stored  in  moist  and 
warm  conditions.  Pests  include  aphids,  leaf 
miner  (Liriomyza  spp.)  and  nematodes  (Het- 
erodera  sjiji  .md  Diiylriirliii.s  dipsaci). 

Hars'esting  In  Asin  whole  jihints  with  8-10 
leaves  are  harvested,  the  roots  are  cut  1  cm 
below  the  plant  base  and  the  product  is  sold  in 
bundles  of  10—16  plants.  Tn  Europe  nnd  \orth 
America  spinach  for  the  fresh  market  is  har- 
vested by  mowing  the  crop  just  above  ground 
level  at  a  young  stage  and  spinach  fiu  the  proc- 
essing industry  at  the  first  sign  of  flowering 
stem  furmalion. 

Yield  Yields  vary  from  10  t/ha  of  fresh 
lenves  in  .Asin  to  35  t./Iin  for  summer  rrops  in 
Europe  and  the  United  States.  Seed  yields  are 
1.5-2.0  t/ha. 

Handling  after  harvaat  A  siuiini  h  crop  has 
to  reneh  the  market  vpry  soon  after  h;iive.sting  to 
be  consumed  as  a  fi-esh  product  withm  2-3  days, 
or  within  24  hours  for  canning  or  deep-freezing, 
to  avoid  loss  of  quality  and  nutritional  value. 


Genetic  resources  Working  collections  and 
germplasm  of  Spinacia  spp.  are  present  in 
some  research  centres  in  Europe  (CGN-l'GR, 
Wageningen.  Netherlands),  the  I'nited  Stntes. 
Japan  and  the  Russian  Federation.  Recent 
molecular  characterization  has  indicated  that 
the  genetic  variation  in  these  germplasm  col- 
lections is  not  large. 

Breeding  Present  breeding  programmes 
aim  at  Fi  hybrid  cultivars  between  highly  fe- 
male monoecious  and  highly  mnle  monoecious 
inbred  lines.  Sex  expi-ession  is  controlled  by  an 
X/Y  heterosomal  system  and  two  strongly 
linked  autosomal  genes.  The  main  breeding 
objectives  d^end  on  season,  climate  and  pre- 
ferred type:  fast  growth,  slow  bolting,  high 
Soelds,  round  seed,  leaf  colour  (pale  or  dark 
green)  and  type  (smooth  or  crumpled),  erect 
leaves,  belter  heal  tolerance  and  resistance  to 
downy  mildew,  cucumber  mosaic  virus  and 

other  diseases. 

Prospects  Spinach  will  continue  to  be  a 
verj-  important,  high-yielding  and  nutritious 
leafy  vegetable  in  temperate  climates  of 
Europe.  N'oith  America  and  eastern  Asia.  In 
tropical  -Africa  it  will  remain  only  suitable  for 
cultivation  in  the  highlands. 
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1993c:  Willintns..,.  J  ,  1955. 

Other  references  Buse,  T.K.  &  Som,  M.G. 
(Editors),  1986;  De  Kraker,  J.  (Editor),  1991; 
llollnnd,  B.  Hnwin.  I.D.  &  Bus.h,  D.H.,  1991: 
Irish  B.M.,  Correll,  A.C.  de  los  Reyes,  B.  & 
Morlock,  T.E.,  2003;  Prior,  R.L.,  2003. 

Sovuroes  of  QlnBtvatioti  Hess,  H>E.,  Lan- 
dolt,  E.  &  Hirzel,  R.,  1907;  Mansfeld,  R.,  1986; 
Vaughan,  J.G.  &  Geissler,  C.A,  1997. 

Autliors  H.A.M.  van  der  Vossen 
Based  on  PROSEI^  8:  Vegetables. 

STENOCHLAENA  TENUIFOUA  (Desv.)  T.Moore 

Protologue  Gard.  Chron.:  193  (1856). 
Family  Bledinaceae 

Sytumymm  Lomaria  temtifolia  Desv.  (1811), 
Lnmariopsut  Ipnuifniia  (Desv.)  H.Christ  (1897), 
Slenoclilaena  mildbmedii  Brause  (1915). 

Vernacular  names  African  climbing  fern, 
giant  vine  fern  (En). 


516  VEGETABLES 


Origin  and  geographic  distribution  Steno- 
chlaena  tenui folia  occurs  naturally  in  the 
coastal  regions  of  East  and  southern  Africa, 
from  Tanzaniii  t<i  the  e;isf  const  of  South  Af- 
rica, and  Madagascar.  It  is  also  recorded  from 
eastern  Zimbabwe.  Stenochlaena  mUdbraecUi, 
which  is  regarded  as  conspecific  with  Stenoch- 
laena tenuifolia,  is  present  in  Bioko  (EijuMto- 
rial  Guinea),  and  from  Cameroon  to  An^^oia 
and  I'gnnda.  SlciKH  lihifiia  tenuifolia  ha»  been 
introduced  into  the  I'nited  States  fFlnrida). 

Uses  The  young  fronds  (croziers,  fiddle- 
heads)  are  eaten  in  Madagascar.  Stenochlaena 
tenuifolia  can  be  used  ;is  ^Mound  eovt  r.  In 
Congo  the  sap  is  taken  with  a  ripe  banana  as 
an  aphrodisiac. 

Properties  Xo  studies  of  the  chemical  con- 
stituents o{  Slenochlaena  tenui  folia  are  known 
A  number  of  glycosides  have  been  isolated  from 
the  leaves  of  the  related  Slenoehlama  pcdustris 

(Rui-m  f.)  Redd,  which  is  used  ns  a  vegetnble  in 
South-East  Asia;  plants  from  Papua  New 
Guinea  contained  five  flavonol  glycosides 
(stenopalustrosides  A-lvi  II        a  cere- 

broside,  and  several  kaeui^ilfrols  Xo  alkaloids 
were  found.  The  stenopalustrosides  A— D 
showed  significant  activity  against  gram- 
positive  barteria. 

Botany  Large  fern  with  straggling  and 
climbing  rhizome,  growing  high  up  into  trees; 
rhizome  scales  sparse.  Leaves  up  to  1 .8  m  long, 
shiny  bright  green  leathery  dimni-phic  with 
pinnate  sterile  leaves  up  to  1  m  long  and  pin- 
nate or  bipinnate  fertile  leaves;  sterile  pinnae 
up  to  about  20  pairs,  up  to  27  em  x  .T  cm  lin- 
ear, articulate  with  basal  glands,  with  sharply 
serrate  margins:  fertile  pinnae  up  to  26  cm 
long,  divided  into  narrowly  linear  s<'gments  up 
to  8  cm  >^  t)  2  <  m  rdmost  enlii-ely  covered  with 
sporangia  below.  Spores  reniform,  colourless, 
monolete,  with  several  (mostly  3)  irregular 
raised  rilis  about  10  um  ^'0  um. 
Slenochlaena,  which  comprises  5  species  and  is 
restricted  to  the  Old  World,  has  bem  placed  in 
a  number  of  genera  and  families  in  the  past.  It 
seems  to  have  affinities  with  Loninriopsis 
{Loinariopsiduceae).  Slenochlaena  m ildbiaedii 
has  been  regarded  a  second  representative  of 
the  genus  in  .\frica.  Tt  is  distinguished  by  its 
pinnate  fertile  leaves  as  compared  to  the  bip- 
innate fertile  leaves  of  Stenochlaena  teimtfoUa. 
However,  several  authors  have  noticed  the 
presence  of  both  forms  in  n  single  collection 
(although  it  could  not  be  established  with  cer- 
tainty whether  these  parts  originated  fix>m  one 
individual).  Electron  microscope  studies  of  the 


spores  of  the  two  leaf  types  confirmed  that  they 
are  identical. 

Elcology  Stenochlaena  tenuifolia  is  a  strag- 
gling and  climbing  fern  of  the  coastal  swamp 

forest. 

Management  No  cultivation  of  Stenochlaena 

tenuifolia  is  known,  except  for  its  use  as 
ground  cover.  It  does  not  seem  to  be  as  much  of 
a  weed  as  Stenochlaena  pabistrU  in  South-East 
Asia,  for  whidi  various  studies  have  been  car- 
ried nut  to  control  it,  for  instance  in  rubber 
plantations.  In  the  United  States  Stenochlaena 
tenuifolia  is  regarded  as  a  weed.  A  study  in 
Zululand  however,  indicated  that  it  had  no 
measurable  effect  on  the  volume  growth  of 
Pinus  dUottii  Engelm. 

Genetic  resources  and  breeding  Steno- 
chlaena tenuifolia  does  not  seem  to  l)c  endan- 
gered. No  germplasm  collections  are  know  n. 

Prospects  Although  ^en^xhUsena  tenuifolia 

is  not  as  widely  used  as  a  vegetable  as  its  sis- 
ter-species Stenochlaena  paUi^tris,  it  may  well 
be  of  interest.  Further  investigations  of  its  cul- 
tivation, nutritional  value  and  bactericidal 
properties  seem  justified. 

Major  references  Bouquet,  A,  1969;  Bre- 
denkamp,  B.V.,  1986;  Decaty,  R,  1946;  Penier 
de  la  Ratiiie.  H.,  1936;  Schelpe,  E.A.C.L.E., 
lyTUb. 

other  references  Ahmad  Faiz,  M.A..  1992; 
Alston.  A.H.G.,  1959;  Dedj-  Darnaedi  &  Titien 
Ngatinem  Praptosuwir>'o.  200.3;  Klekowski, 
E.J.,  1970a;  Leist,  N.,  1975;  Liu,  H.,  Orjala,  J.. 
Stidier,  O.,  Rali,  T.  &  Liu.  H.M.>  1999;  Sdieep- 
ers  J  r  &  \  orster  P.,  1976;  Verdcourt.  B.. 
1992;  Williams,  R.O.,  1949. 

Authors  W.J.  van  der  Burg 


Stylocilveton  HYPOGEUM  Lepr. 

Protologoe  Ann.  Sd.  Nat.,  Bot.  ser.  2,  2: 
185  (1834). 
Family  Araoeae 

Synonyms  ylochilon  barteii  N.E.Br. 
("1901).  Styluvhilui,  A7/»r(7/,s  X     l-lr  l  Um]). 

Vernacular  names  CJround  arum  (En). 

Ovigfai  and  geograpUc  distrilration  Stylo- 
chaet«m  hypogmm  oocurs  from  Senegal  to  Su- 
dan. 

Uses  The  inflorescences  are  collected  firom 

the  wild  and  eaten  in  northern  Ghana  and 
Burkina  Faso.  Peopk^  from  thi'  Tenda  tribe, 
who  live  m  Senegal,  Guinea  and  Gumea  Bis- 
sau, use  the  plant  as  an  additive  to  beer.  In 
Benin  leaf  deoocti<ma  of  Styloehaeton  h^^xtgeum 
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arc  drunk  to  stimulnto  the  growth  of  unborn 
infants.  A  decoction  of  the  roots  in  combination 
with  the  bark  of  Anogeissus  leioearpa  (DC.) 
Huill.  &  Perr.  is  used  to  treat  haemorrhnid-i  In 
Ghana  the  rhizome  of  Siylochaelon  hypogeum 
is  boiled  and  mashed  for  application  to  boils. 

Properties  An  h<iu<'<pu<  i  xtnut  of  the  root 
has  shown  anti-uleer  activity  in  rats. 

Botany  Perennial  herb  with  underground 
rhizome.  l..oaves  in  tufls,  simple;  p(>tiole  <S— !.")(— 
2R)  cm  long,  lenf  sheath  marked  with  hori/nn- 
tal  purple  bands;  blade  hastate  to  sagittate, 
10-20  cm  X  5-10  cm,  basal  lobes  narrowly  tri- 
angular, (2-)3-4(-6)  cm  long,  Inflorescence  a 
spadix  3-8  cm  long,  enclosed  by  a  spathe  about 
equally  long,  partially  subterranean  and  ap- 
pearing before  the  leaves;  spathe  only  op«iing 
at  apex.  Flowers  unisexual,  sessile  with  cup- 
like perianth;  male  lluwers  m  upper  part  of 
spadix,  with  c.  7  stamens  having  distinct  fila- 

ment.s;  female  flower.*  fJ-lO  together  in  basal 
part  of  spadix,  with  2-4-celled  ovary,  stigma 
large,  discoid  to  headlike.  Fruit  a  globoro  berr>', 
several  together  in  a  subterranean,  globose 
infructescenoe,  few-seeded.  Seed  ovoid  to  ellip- 
soid, black. 

Styloekaelon  comprises  about  17  species  and  is 

nmrin-  il  t n  sub-Saharan  .Africa.  The  ortho- 
graphic variant  Stylochilou  is  often  used  in  the 
literature.  The  inflorescences  of  Styloeha^n 
hypogeum  appear  in  the  diy  seascm,  followed 
by  the  leaves  in  the  rainy  season. 

Ecology  Siylochaelon  hypogeum  grows  m 
op«i  forest,  shrub  vegetation  and  savanna,  on 
sandy  or  sandy  clay  soils  nlsn  in  flo^d  iilnins. 

Genetic  resources  and  breeding  Stylo- 
ehaeUm  hypogeum  does  not  seem  to  be  endan- 
gered, despite  its  use  as  a  vegetable  and  medi- 
cine. Both  uses  are  limited  and  eollection  of  the 
plants  does  not  occur  at  a  large  scale. 

Proapecsto  The  medicinal  properties  and 

ehemiral  enmposition  of  Sfylochartnn  hypo- 
geum and  related  species  are  virtually'  un- 
known and  in  need  of  investigation. 

Bilajor  references  Adam,  J.G.,  1966b:  Adja- 
nohoun.  E.J..  Adjakidje.  V.,  Ahyi,  M.R.A..  .\ke 
Assi,  L.,  Akoegninou,  A.,  d'Almeida,  J.,  Apovo, 
F.,  BoukeC  K.,  Chadare,  M.,  Cusset,  G.,  Dra- 
mane,  1\.  Eyme  .1.  flassifa,  J.N.,  (^baguidi 
N.,  Goudote,  E.,  Guinko,  S,,  Houngnon,  P.,  Lo, 
I.,  Keita,  A.,  Kinifib,  H.V.,  Kone-Bamba,  D.. 
Musampa  Nseyya,  A,.  Saadou,  M.,  Sodogandii 
T..  De  Souza.  S.,  Tehnbi  A.  Zin.sou  Dossa,  & 
Zouhon,  T.,  1989;  Burkdl,  H.M.,  1985;  Burkill, 
H.M.,  2000;  Ferry.  M.P.,  Gessain,  M.  &  Ges- 
sain,  R.,  1974. 


Other  references  Lemordant.  D.,  1971a; 
Lemordant,  D.,  1971b;  Mertz,  O.,  Lykke,  A.M. 
&  Reenberg,  A.,  2001;  Vanden  Beighoi,  C, 

Authors  W.J.  van  der  Bui-g 

TauNUM  CAFFRUM  (Thunb.)  Eckl.  &  Zeyh. 

Protologue  Enum.  pi.  afric.  austral.:  282 

(18:?6). 
Family  I'ortulacaceae 

Origin  and  geographic  distribution  Tali- 

innu  vaffrinn  is  found  from  southern  Ethiopia 
south  to  Namibia,  Botswana  and  South  .Afiica. 

Uses  f^nb  leaves  of  Talinum  caff  mm  are 

II  ted  from  the  wild  and  eaten  raw  as  a 
salad  or  as  a  cmki'd  vegetal>le  They  contain 
much  water  and  are  also  ealen  raw  against 
thirst.  Occasionally,  Talinum  eaffmm  is  culti- 
vated as  an  oi-n.iment al  siirrulent  pntplant. 

Properties  The  nutritional  composition  of 
Taliiium  eaffnim  leaves  is  not  known,  but  it  is 
probably  compai  al)k-  to  that  of  TaUiaim  tritm- 
L^nlarr  (-l.-K-q.)  Willd. 

Botany  Perennial,  rather  succulent  herb 
with  a  deeply  buried  tuber;  stems  annual,  usu- 
ally (ler-iimbent  or  prostrate,  up  to  Id  cm  long, 
much  branched.  Leaves  alternate,  simple:  peti- 
ole 1-3  mm  long;  blade  linear  to  narrowly  ellip- 
tical, 2-8  cm  X  3-13  mm,  base  cuneate,  apex 
apiculate,  margin  often  revolute  Flowers  usu- 
ally sohtary  in  leaf  axils,  bisexual,  opening  in 
the  aftemoan;  stalk  consisting  of  2  parts,  low^ 
part  (peduncle)  up  to  2  cm  long,  tipped  by  a 
pair  of  bracts,  upper  part  (pedicel)  1-2  em  lung, 
stout,  thidcened  upwards,  recurving  in  fruit; 
sepals  2,  lanceolate  0.5-1.5  cm  long;  petals  5, 
spreading  ohovate  to  elliptical,  c.  1  cm  long 
yellow;  stamens  25-60;  ovarj'  superior,  style 
slender,  2-4  mm  long,  stigma  3-brandied. 
Fruit  a  conical  capsule  0..5-1  em  long  glossy 
yellow,  3-valved,  the  valves  falhng  separately, 
many-seeded.  Seeds  lens-shaped,  up  to  2  mm 
in  diameter,  glosqy  black,  witii  prominoit  con- 
centric  ridges 

Talinum  comprises  about  40  species,  most  of 
them  found  in  Mexico  and  southern  United 

States,  and  7  species  in  tropiral  .Africa.  Ta- 
linum eaffmm  belongs  to  a  complex  of  4  closely 
related  species  diaracterized  by  a  deeply  bur» 
ii'd  tuber  from  which  annual  stems  arise,  al- 
ternate leaves,  yellow  flowers  in  axillaiy  few- 
flowered  cymes,  openmg  in  the  afternoon, 
spreading  petals  and  a  hard  and  tough  fruit 
with  glossy  black  seeds.  The  other  species  of 
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the  complex  are  Talinum  amotii  Hook.f.,  Tali- 
nam  crispatuUim  Dinter  and  Talinum  temtis- 
aiimtm  Dinter.  All  4  species  are  similarl.N  used 
and  i<l(  n( ifir'ation  is  particularly  ilifricull  when 
seed  IS  lacking.  The  complex  is  centred  m  the 
Kalahari  region  in  aouthem  Africa,  where  the 
species  are  more  distinct  than  further  north  in 
East  Africa . 

Ecology  Taliimni  caff  nun  is  found  in  dry 
open  places  in  short    grassland  and  nmon<r 
rocks,  from  sen-l('v<'I  up  to  2()()()  m  nitiliuic 
Because  of  its  large  tuber,  it  is  drought  resis- 
tant. 

Genetic  resources  and  breeding  Tatiiiuin 
caffmm  is  widespread  and  not  in  danger  of 
genetic  erosion,  lliere  are  no  known  germ- 
plasm  collections. 

Prospects  Talinitm  caffriiin  will  remain  a 
minor  vegetable  m  drier  areas,  where  it  usu- 
ally still  produces  leaves  when  other  vegetables 

arc-  jirnrro. 

Mtgor  references  Phillips,  S.M.,  2002; 
Tolken,  H.R.,  1969;  van  Wyk,  B.E.  &  Geridce, 
K..  2000;  Williamson,  J.,  1955. 

Other  references  Gilbert,  M.G.,  2000;  Wild, 
II.,  Ibtila. 

Authors  P.C.M.  Jansen 


Talinum  PAmcULATUM  (Jacq.)  Gaertn. 

Protologue  Fruct.  sem.  pi.  2;  219  (1791). 
Family  I'ortulacaceae 
Chromosome  nmnber  2n  =  24 
Synonyms   Talinum  ptitens   (L.)  WiUd. 

(1799). 

Vernacular  names  Flameflower,  jewels  of 
Opar  (En).  Heifoe  onze  heures  (Fr).  Lingua  de 

varn,  bclfh'oepa  miudn  mriri:i  trnmhi  (Po). 

Origin  and  geographic  distribution  Tali- 
num pammJatum  is  native  to  tropical  America, 
but  is  now  n  pnntropical  weed.  It  occurs  scat- 
tered throughout  tropical  Africa,  and  is  locally 
cultivated  as  a  veget  able  in  C^ana  and  Nigeria. 

Uses  The  <h(iiits  and  leaves  of  T^imtm 
paiiicii  lulu  III  arc  iHldcil  to  stews  and  soups,  e.g. 
in  Ghana,  Nigeria  and  DR  Congo.  They  are 
also  eaten  as  a  vegetable  in  tropical  America. 
Tnliuiim  panii-iilaiuii}  is  cultivated  as  a  garden 
ornamental  and  potplant. 

Properties  'Hiere  is  no  information  on  the 
nutritional  composition  of  TaliiMm  paiiicula- 
tiim  lenvos,  but  it  is  probably  comparable  to 
that  of  Talinum  triangiilare  (Jacq.)  Willd. 

Adulterations  and  substitnteB  Leaves  of 
Talinum  panieulatum  may  be  replaced  by 


those  of  Talinum  Iriaufiulare,  which  have  a 
similar  but  slightly  less  sharp  taste. 

Botany  Erect,  glabrous  perennial  heib  up  to 
inn(-I2n)  cm  tall,  not  bi;niched  or  sjiarsely 
branched  at  base;  roots  swollen  and  ileshy; 
stem  succulent,  stightly  woody  at  base,  dark 
purple  to  brownish  black.  Leaves  alternate, 
simple,  almost  sessile,  succulent;  stipules  ab- 
sent; blade  elliptical  to  obovate,  3-12  cm  x  1.6- 
5  cm,  base  cuneatt*.  apex  acute,  entire,  vena- 
tion pinnate,  indistinct.  Innorcsccncc  a  large, 
many-tloweied  terminal  panicle  up  to  10(-60) 
cm  long.  Flowers  bisexual,  regular,  c.  1  cm  in 
diameter;  pedicel  c.  1  cm  long,  slender;  sepals 
2,  rounded,  1-2  mm  long;  petals  6,  free, 
obovate  to  orbicular,  pink;  stamfflts  16-20; 
o\  ai\  Mipcrior.  1-celled,  style  slender,  with  3- 
lifiinclifd  stigma.  Fruit  a  globose  capsule  5 
mm  long,  3-valved,  elaslically  dehiscent,  many- 
seeded.  Seeds  lenticular  to  reniform,  c.  1  mm 

long,  smiinth  I ti' t ulicrciilnto  shining  black. 
TcUiuum  comprises  about  40  species,  most  of 
them  found  in  Mexico  and  southern  United 
States,  and  7  species  in  tropical  Africa. 

Ecology  In  tropical  Africa  Talinum  panieu- 
latum occurs  locally  naturalized,  usually  in 
cultivated  land  and  roadsides,  sometimes  in 

foi-cst  oilgf's,  up  let  2200  m  nltitudc.  In  ciiltivn- 
tiun  it  prefers  well-dramed,  moist  soil  rich  m 
organic  matter,  and  full  sun.  It  is  drought  and 
shade  tolerant. 

Management  Talinum  panieulatum  is  main- 
ly collected  from  the  wild,  but  is  cultivated  in 
Ghana  and  southern  Nigeria.  It  is  propagated  by 
seed  or  cuttings.  There  are  about  .5000  seeds  per 
g.  Seeds  are  sown  m  the  field  under  light  shade 
or  in  a  nursery.  Seedlings  appear  after  1  weds 
and  should  be  transplanted  within  5  weeks. 
Oiittings  arc  taken  from  sHghtly  woody  stems, 
from  which  tops  and  leaves  are  removed.  They 
require  ample  watering.  Cuttii^  are  planted  at 
a  density  of  about  6  per  m*.  The  crop  responds 
well  to  fertilizer. 

A  first  harvest  can  be  taken  about  6  weeks 

after  planting  cuttings,  or  8-9  weeks  after  sow- 
ing. Young  shoots  are  picked  when  the  plants 
are  30  cm  tall  and  leaves  are  fully  developed. 
Infloresoenoes  diould  be  removed  regularly. 
.Mthouph  plants  remain  productive  longer, 
they  should  be  removed  after  one  year  as  they 
become  woody. 

Genetic  resources  and  breeding  Talinum 
panirulaium  is  widespread  and  not  in  danger 
of  genetic  erosion.  A  few-  accessions  are  held  at 
the  National  Germplaam  Resoiuces  Labora- 
tory, Beltaville,  Maryland,  United  States. 
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Prospects  In  tropical  ;Vfrica  Talimim  pant- 
culalum  is  currently  mainlj'  collpctod  from  the 
wUd.  It  is  poorly  known,  but  desorves  more 
attenUon  :><  it  is  cMsy  to  grow  and  productivo 

Major  references  Bola,  M.  &  Szafranski, 
F.,  1991;  Mosango,  M.  ft  Isosi.  W.,  1998;  Phil- 
lips S.M  .  2002;  Steyn.  E.M.A.  &  Smith,  G.P., 
2001;  van  Epenhuijsen,  C.W.,  1974. 

Other  references  Burkill,  H.M.,  1997;  Mo- 
sango, M.,  Maganyi,  W.  &  Namaganda,  M., 
1999;  Mosango,  M,,  Magnnyi,  W.  &  Nama- 
ganda,  M.,  2001;  Schippers,  R.R.,  2002a;  Shi- 
moda,  H.,  Nishida,  N.,  Ninomiya,  K.,  Matsuda, 
H.  &  Yoshikawa.  M..  2001. 

Authors  M.  Mosango 


T  ali  S  UM  portulacifolium  (Forssk.)  Asch. 

ex  Schweinf. 

Protologae  Bull.  Herb.  Boiss.  4,  app.  2:  172 

(1896). 
Family  Portulacaceae 
Chromoaome  number  2n  =  24 

Synonyms    Talinum    ame^oUum  (Vahl) 

Wilid.  (18U0). 

Or^in  and  geographic  cllstribtttlon  Tali- 
num porliilaci folium  oocurs  from  Nigoria  oas( 
to  Elhiupia  and  Eritrea,  and  south  to  northern 
South  Africa;  it  also  occurs  in  Arabia  and  In- 
dia. In  /\frica  it  is  occasionally  cultivated. 

Uses  Tho  leaves  of  Talimim  portulncifnUiim 
are  eaten  as  a  cooked  vegetable  or  raw  as  a 
salad,  alone  or  with  young  stem  parts.  In  Tan- 
zania leafy  stem  ]>iirts  me  often  cX)oked  to- 
gether with  Bidena  or  Cleoine  leaves,  or  mixed 
with  coconut  milk  or  pounded  groundnuts  and 
eaten  with  the  staple  food.  The  leaves  can  also 
ho  stored  dry  for  later  use.  The  plant  is  a  p;i1- 
alable  iudder  for  cattle  and  goats.  In  Ethiopia 
the  leaves  are  applied  medicinally  against  eye 
diseases  and  the  root  apninsf  roiiph  and  gonor- 
rhoea. In  Tanzania  the  plant  is  credited  with 
aphrodisiac  properties  and  a  leaf  decoction  is 
used  as  a  remedy  for  constipation. 

Properties  The  nutritional  composition  of 
Talinum  puriulucifoliuni  leaves  is  not  known, 
but  probably  it  is  comparable  to  TaUmtm  tri- 
anjiularf  (Jaeq.)  Willd 

Botany  Perennial  herb  with  grey,  succulent 
stems  up  to  l(-3)  m  long,  sprouting  from  a 
thickened  root,  Leaves  alternate,  simple, 
slightly  fleshy:  petiole  2-3  mm  long;  blade 
broadly  obovate  to  oblong,  2-8  cm  x  1-3. .5  cm, 
base  cuneate,  apex  rounded  but  apiculate, 
margin  entire.  Inflorescence  a  terminal  panide 


with  lateral  cymes  on  a  central  axis  up  to  30 
cm  long.  Flowers  bisexual,  regular,  opening 
towards  the  evening,  2—2.5  cm  in  diameter; 
pedicel  1-2  cm  long,  recurving  in  fruit:  sepals 
2,  ovate,  4-5.5  mm  long,  concave;  petals  5, 
obovate,  usually  magenta,  sometimes  red,  pink 
or  white;  stamens  2"  ovaiy  superior,  style 
slender,  c.  1.5  mm  long,  ending  m  a  3-branched 
stigma.  Fruit  a  globose  capsule  up  to  7  mm  in 
diameter,  bright  yeUow,  3-valved,  the  valves 
falling  sep,nr.nteh'  mnny-seede<l.  Seeds  lens- 
shaped,  c.  1  mm  in  diameter,  glossy  black, 
smooth  or  papillose. 

Talimim  comprises  about  40  spoeios.  most  of 
them  found  m  Mexico  and  the  southern  United 
States,  and  7  spedea  in  tropical  Africa.  Ta- 
linum portulacifolium  is  sometimes  confused 
with  Talinum  triaiigulare.  which  is  also  used 
as  a  vegetable.  The  latter  species  differs  in  its 
pink  flowers  arranged  in  qymes  on  triangular 
stalks,  sepals  prominently  3-veined  and  tuber^ 
culate  seeds. 

Ecology  Thlinum  portulacifolium  is  com- 
mon in  a  wide  range  of  habitats,  from  im  ky 
locations  to  grassland,  in  open  bushland  and 
thickets,  along  water  courses  and  as  a  weed  in 
fields,  from  sea-level  up  to  2200  m  altitude. 

Management  Talinum  porluhirifdlium  is 
mostly  collected  from  the  wild  and  only  occa- 
sionally cultivated.  Propagation  is  by  seed  and 
cuttings. 

Genetic  resources  and  breeding  Tnlinuni 
poitulaci folium  is  widespread  and  not  m  dan- 
ger of  genetic  erosion.  There  are  no  known 
germ|ilnsm  collect  ion-; 

Prospects  Talinum  puiiulacifolium  will 
remain  a  minor  vegetable,  of  local  importance 
when  other  vegetables  are  scarcv. 

Major  references  Burkill  H.M.,  1997; 
Nyananyo,  B.L.O.  &  Ulowukudejo,  J.D.,  1986; 
Phillips,  S.M.,  2002;  Ruffb,  C.K.,  Biinie,  A  ft 
Tengnitv  R  I'OOi' 

Other  references  Gilbert,  M.G.,  1993c; 
Gilbert,  M.G.,  2000;  Hauman,  L.,  1951b; 
Jansen  P.C.M.,  1981;Tdlken,  H.R..  1969;  Wild. 
II..  19(;ia 

Authors  r'.C.Al.  Jansen 


TaUNUM  TRIANGUl^VRE  (Jacq.)  VViUd. 

Protologue  Sp.  pi.  2: 862  (1799). 

Family  I 'oiiularareae 

Chromosome  number  'J.n  -  24,  48,  72 

SjnoxiymB  TaUnum  fiutieomm  auct.  nan 

(L.)  JU88. 
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Vernacular  names  VVatorleaf,  talinum, 
Ceylon  spinach  (En).  Grasse,  pourpier  tropical 
(Fr).  Beldroega  grauda,  lustrosa  grande  (I'o). 

Origin  and  geographic  distribution  Water- 
leaf  is  a  cosmopolitan  weed  common  through- 
out the  humid  tropics.  It  has  been  recorded  for 
several  countries  in  West  and  Central  Africa.  It 
ia  claimed  to  have  a  South  American  origin, 
but  an  African  origin  may  also  be  possible,  as 
several  Talimim  species  including  the  closely 
related  Talinum  pnrliilaci'fnh'itni  (Forssk.) 
Schweinf.  occur  in  Africa.  VVaterleaf  is  eaten  as 
a  vegetable  throughout  the  tropics  including 
many  nmntrics  in  West  and  Centra!  .Africa;  it 
is  cultivated  m  Nigeria  and  Cameroon. 

Uses  The  leaves  are  used  in  the  preparation 
of  sUghtly  slimy  soups  and  stews  to  comple- 
ment the  starchy  mam  dish.  In  southern  Nige- 
ria, where  il  is  called  gbure,  it  is  commonly 
mixed  in  soups  with  Jew's  mallow  (Corehorus 

nlilnrr'ii.i  ]..].  Popjirr  nnd  some  dry  fish  and 
meat  are  often  added  to  improve  the  taste  and 
nutritional  qualities  of  the  sauce.  Waterleaf 
sauce  may  also  be  a  mixture  of  tomatoes,  onion 
and  waterleaf  to  whieh  pnUn  oil  and  sah  are 
added.  In  Cameroon,  where  it  is  called  bolki  or 
Ijelok-eup',  waterleaf  combined  with  eru  (Gne- 

iiim  lernes)  and  fufu  (stardiy  didi)  is  consid- 
ered a  delicacy;  the  tender  shoots  of  waterleaf 
soften  the  tough  leaves  of  eru.  In  Nigeria 
waterleaf  is  collected  from  tiie  wild  during  the 
drj'  season  when  other  more  popular  vepota- 
bles  are  scarce  and  expensive.  The  collection  of 
waterleaf  from  the  wild  is  a  good  source  of  in- 
come for  poor  farmers.  The  leaves  are  also 
eaten  raw  m  salads.  Waterleaf  is  used  as  a 
colouring  agent  in  okra  soup. 
In  Cameroon,  waterleaf  is  used  as  a  treatment 
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for  measles,  whereas  in  Assam  (India),  it  is 
used  to  treat  diabetes.  In  Indonesia  a  tonic  is 
made  from  the  fleshy  root.  In  experiments 
waterleaf  performed  well  as  a  fodder  for  raising 
giant  snails. 

Production  and  international  trade  Water- 
leaf  was  long  considered  a  vegetable  for  the 
poor  and  was  thus  not  highly  valued.  Since  the 
increased  popularity  of  eru  (Gnetum  leaves)  in 
Cameroon  and  enslern  Nifieria  from  around 
inno  onwards,  the  demand  for  waterleaf  has 
steadily  risen.  It  is  now  a  common  product  on 
local  markets,  but  no  data  on  production  and 
trade  are  a\  ailal>Ii-, 

Properties  The  leaves  contain  per  100  g 
edible  portim:  water  90.8  g,  energy  105  kJ  (25 
kcal).  protein  2.4  g,  fat  0. 1  g.  carbohydrate  4.4 
ij.  fibre  1.0  jj,  Ca  liil  mg.  P  07  mt;.  I'V  .5  0  mg, 
thiamin  0.08  mg,  riboflavm  0.18  mg,  mucin  0.3 
n^,  ascorbic  add  31  mg  (Leung,  W.-T.W.,  Bus- 
son,  F.  &  flardin,  C,  1908).  The  vitamin  A  con- 
tent is  comparable  to  other  medium  green  leafy 
vegetableSj  about  900  |jg. 
Waterieaf  is  a  mucilaginous  vegetable  with 
high  oxalate  content.  The  presence  of  oxalate  is 
a  drawback  since  more  than  90%  of  it  is  pre- 
sent in  soluble  form  and  can  induce  kidney 

stones  if  taken  in  excess.  Blanching  or  cooking 
removes  nearly  half  of  the  soluble  oxalate. 
Waterleaf  also  contains  hydrocyanic  acid, 
which  is  a  further  reason  why  this  vegetable 
should  be  consumed  in  small  quantities  only 
and  why  it  is  not  recommended  for  livestock. 
Caution  should  be  exercised  in  the  use  of  this 
vi  L,'(  t;iI'lc  in  uifant  foods,  the  more  so  since  it 
contams  nitrates  and  nitrites,  which  are  not 
removed  by  cooking.  Waterleaf  is  rich  in  sapon- 
ins. 

Adulterations  and  substitutes  In  most 
dishes  waterleaf  can  be  I'eplaced  by  Basella 
aJha  L.  or  any  other  wateiy  slimy  leafy  vegeta- 
ble. 

Description  Erect,  glabrous  perennial  herb 
up  to  80(-100)  cm  tall,  usualfy  strongfy 

branched;  roots  swollen  and  fl(>-<h.\ :  stem  succu- 
lent, obtuse-angular  to  terete  Leaves  alter- 
nate, simple,  almost  sessile,  succulent;  stipules 
absent;  blade  obovate  to  spatulate,  3—15  cm  x 

cm  base  long-tnpering,  apex  rounded  to 
notched,  mucronate,  entire,  venation  pinnate, 
indistinct.  Inflorescence  a  terminal  cfoie  on  a 
triangular  stalk  up  to  12  cm  long,  Flowers  bi- 
sexual regular;  pedicel  c  1  cm  long,  recurving 
iii  fruit;  sepals  2,  free,  with  3  prominent  veins; 
petals  6,  free,  obovate,  up  to  1  cm  long,  pink; 
stamps  numerous;  ovary  superior,  1-oelled, 
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Tedinum  triangulare  -  1,  floweriiig  and  fruiting 

ahani:  2  Pau  i'v  in  h>ii i^iliicfiiinl  serlinii;  pislil 
(ovary  iii  Longiludiiial  section);  4,  fruil;  5,  seed. 
Source:  PROSEA 

style  slrnHor  with  3-hranchod  stigmn  rxrood- 
ing  stamens.  Fruit  a  globose  to  ellipsoid  cap- 
sule 4—7  mm  long,  3-valved,  elastically  dehis- 

n  nt  m.iiiv -s(  r>(|.>(|,  Seeds  cninpn'sscd  globose- 
reniiurm,  c.  1  mm  long,  tuberculate,  ahining 
black. 

Other  botanical  iufoxmation  Talimim 
rompriscs  nboiif  -10  sporips,  most  of  thom  fniin<l 
in  Mexico  and  southern  United  States,  and  7 
species  m  tropical  AMca.  T^tUnum  triangulare 
is  snmrfinips  ronfusod  with  Tnliinim  pnrtulaci- 
folitiin,  but  the  latter  differs  by  its  paniculate 
inflorescence  with  terete  axis,  sepals  not 
prominently  veined  and  smooth  seeds. 

Growth  and  development  The  onset  of 
flowering  does  not  appear  to  affect  leaf  or  shoot 
production.  Plants  take  40-75  days  to  flower 
from  stem  planting,  and  nf  flnwrrins  fhoy  hnw 
4-9  branches  and  25-90  leaves.  VVaterleaf  is 
recorded  as  being  self-pollinated  with  a  limited 
degree  of  out-crossing.  Fruiting  tak^•^  7  "  HO 
days  from  stem  planting.  Under  natural  condi- 
tions, plants  will  live  for  4-6  months.  VVater- 
leaf is  relatively  tolerant  to  drought.  Exposed 
to  drou^t  it  adopts  a  crassulacean  add  me- 


tabolism (Ci\M),  resulting  in  an  effective  use  of 
available  moisture,  carbon  dioxide  assimilation 
continuing  during  the  night  and  increased 
growth. 

Ecology  VVaterleaf  grows  best  under  humid 
conditions  at  temperatures  of  about  30*C. 
Growth  is  very  fast  during  the  rainy  soason  but 
will  slow  down  considerably  durmg  the  dr>' 
season.  It  grows  well  under  shade  and  in 
cloudy  went  her  ll  c.jn  grow  in  ftilly  exposed 
Inrnlitips.  hut  ihiTc  [il.mts  remain  smaller. 
Growth  IS  most  profuse  when  the  water  content 
of  the  soil  is  dose  to  field  capacity.  High 
tem35*C)  and  drought  negatively  affect  the 
number  of  leaves,  leaf  area,  stem  size,  and 
number  of  brandies. 

Propagation  and  planting  Waterleaf  can 
be  sown,  planted  or  wlleeted  from  the  wild. 
Commercially,  it  is  mostly  grown  through  cut- 
tings 10-15  cm  long.  It  is  advisable  to  remove 
the  lowf^.'Jt  pair  of  leaves  before  filnnting.  In 
Cameroon  and  Nigeria,  the  first  planting  usu- 
ally takes  place  in  November.  Waterleaf  may 
also  be  propagated  by  seed.  Seeds  are  tiny  (the 
lOOO-seed  weight  is  about  0  25  g)  nnd  can  only 
be  collected  from  fruits  which  have  turned  yel- 
low. However,  ooUeetion  of  seeds  from  mature 

fruits  is  difricull  ;is  they  shnt1<M-  whtMi  touched. 
Green  fruits  will  not  yield  viable  seeds,  but 
nearly  mature  fruits,  that  do  not  yet  readily 
dehisce,  yield  seed  tiiat  ha.s  an  acceptable  ger- 
mination rate  after  proper  drjing  The  seeds 
are  thoroughly  mixed  with  fine  diy  sand  and 
the  mixture  is  broadcast  in  a  well^repared 
nursery  bed.  Germinntion  takes  jilace  after 
about  5  days  and  subsequent  growth  is  very 
rapid  if  adequate  water  is  supplied.  Seedlings 
cm  be  transplanted  when  3  weeks  old.  Water- 
le,if  is  frequently  mteivropped  with  other  vege- 
tables. Alternatively,  it  can  be  grown  as  a  solo 
crop  at  a  spacing  of  about  16  cm  x  ]6  cm.  A  dose 
sparini;  i-<  i!uii  s  compelilion  from  weeds  and  is 
possible  because  pressure  from  diseases  is  Lm- 
ited.  In  fbrtile  soils  or  with  adequate  fertilizer 
spacing  may  be  increased  to  25  cm  x  25  cm. 

Management  .\fter  [iltinting.  watering  is 
required  dail}  during  the  first  week,  and  three 
times  per  week  when  the  plants  have  covered 

the  soil  completely.  Writerlenf  needs  much  ni- 
trogen; yellowing  of  leaves  indicates  lack  of 
nitrogen.  It  may  be  fertihzed  with  household 
waste,  dung  or  mineral  fertilizer.  Nitrogen  may 
be  applied  at  intervals  of  2-3  weeks  to  stimu- 
late leaf  development. 

Waterleaf  can  be  a  weed  in  cultivated  or  dis- 
turbed land,  including  roadsides  and  near 
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homesteads,  but  few  farmers  wony  about  it 
since  its  roots  are  shallow  and  the  plant  is  easy 
to  remove. 

Diseases  and  pests  Watfrlfaf  is  (nic  <if  tht- 
few  vegetables  that  are  hardly  affected  by  pests 
or  diseases.  The  most  common  diseases  are 
white  leaf  spot  (Pli'ospnni  spp.)  and  leaf  mosaic 
cauaed  by  an  unknown  \  ii  us  .\  so-far  unidenti- 
fied blight  causes  dark-gn  i-n  spots  on  the  un- 
derside of  the  l(  av<>s.  The  spots  later  turn 
brown  or  reddisli  on  thi-  upper  siilc  of  the 
leaves  and  eventually  become  black,  rendermg 
the  shoots  imsaleable.  There  is  no  known 
treatment  other  than  eliminating  affected 
plants  at  an  early  stage.  Waterleaf  is  a  host  of 
root-knot  nematodes  {MtUndogyne  spp.)- 

Harvesting  It  takes  only  3  weeks  from 
plant  uiL,'  until  the  first  harvest  can  take  place. 
Thereafter,   shoots  can  be  harvested  al  \—I 

week  intervals  for  a  period  of  two  months.  Leaf 

size  decreases  with  increasing  plant  age  and 
number  of  harvests.  The  first  1-3  harvests 
provide  the  best  leaf  quality  for  maiketing.  On 
avera-  i  itmers  can  harvest  4  times  from  a 
plant  before  its  i,'rowth  starts  to  decline.  The 
best  way  to  har\est  a  crop  is  by  cutting  the 
stem  just  above  ground  level.  This  allows  faster 
regenerat iftn  than  har\'estinR  only  the  upper 
portion  and  side  shoots.  When  the  first  harvest 
is  delayed  and  the  lower  parts  of  the  stem  are 
becoming  brown  and  have  dropped  their  leaves, 
it  is  still  advisable  to  cut  just  above  the  ground 
in  order  to  obtain  a  better  quality  for  the  next 
harvest.  A  crop  planted  by  cuttings  is  best  har- 
vested I'V  cutting  the  new  side  shoots,  A  few 
weeks  after  the  start  of  the  rainy  season,  wild 
plants  will  be  offered  at  the  makcet  at  highly 
competitive  prices  and  at  this  stage  cultivation 
is  no  longer  feasible,  especinlly  when  labour 
has  to  be  paid  for.  A  rain-fed  crop  can  remam 
in  the  field  for  60-180  days. 

Yield  The  yield  range  is  lO-HO  t/lia 
Handling  after  harvest  Waterleaf  is  highly 
perishable  and  the  shoots  may  start  withering 
only  a  few  hours  after  being  harvested.  This  is 
not  a  problem  when  people  wish  to  di\  the 
product,  but  It  IS  no  longer  suitable  as  u  fresh 
marketable  vegetable.  It  is  possible  to  store  the 
shoots  in  a  plastic  bag  in  a  refiigerator  for  sev- 
eral days. 

Oenetic  resources  No  collections  of  germ- 
plasm  of  TaUnum  triangulate  are  known  to  be 
maintained.  There  seems  to  be  no  risk  of  ge- 
netic erosion  because  it  is  widespread  and  has 
a  wee4y  habit. 

Breeding  Accessions  collected  in  Nigeria 


and  Cameroon  showed  very  limited  diversity 
and  it  was  not  found  worthwhile  to  select  lines 
that  could  be  developed  into  distinct  cultivars. 
In  Nigeria  the  green  type  is  most  common,  but 
occasionally  plants  with  vaiying  degrees  of 
purple  colouration  in  leaves  and  stems  have 
been  found  in  the  south-eastern  part  of  the 
coimtry,  where  waterleaf  is  often  cultivated. 

Prospeets  Waterleaf  is  a  productive,  nutri- 
tious and  easy-lo-grow  vegetable.  With  expand- 
ing commerriai  jtrodurtion  waterleaf  could 
become  a  source  of  mcome  for  a  limited  number 
of  farmers  and  traders.  Introducing  waterleaf 
in  new  areas  is  not  recommended  because  it 
can  easily  become  a  weed 

Major  references  Akadiuchu,  CO.  & 
Fawusi,  M.O.A.,  1995:  Buikill,  H.M.,  1997; 
Chibili  E,n,  1999:  Nyananyo.  B.L.O.  & 
Olowokudejo,  J.D.,  1986;  Rifai,  M.A.,  1993; 
Sdiippers,  R.R.,  2000;  Stevels,  J.M.C.,  1990; 
van  Ki^iiliuiisfn  <"  \V,  1<)7I 

Other  references  Baquar,  S.R.,  1986; 
Ebenso,  I.E.  &  Okafor,  N.M  ,  2002;  Herrera,  T., 
1999;  Leung,  W.-T  \V,  Busson  F.  &  Jardin.  C, 
1968;  Oomen,  II  A.P(^  1971:  rhiliips.  S,.\I., 
2002;  Siakia,  A.  &  Shadeque,  A.,  1994;  Simo, 
C,  1999;  Tindall,  H.D.,  1983;  Tdlken,  H.R., 
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Anthors  D.A.  Fontem  &  R.R.  Schippers 

lELFAlRlA  OCCIDE.NT.VLIS  Hook.f. 

Protologae  Oliv.,  Fl.  imp.  Afr.  2:  524 
(1871). 

Family  Cucuibitaceae 

Chromosome  number  2n  -22,24 

Vernacular  names  Fluted  pumpkin,  fluted 
gourd  (En).  Courge  cannelee  (Fr). 

Origin  and  geograpUc  distacilratiim  Fluted 
pumpkin  occurs  in  the  forest  7one  of  West  and 
Central  Africa,  most  frequently  in  Benin,  Nige- 
ria and  Cameroon.  It  is  a  popular  vegetable  all 
over  Nigeria  It  is  rare  in  Uganda,  and  absent 
in  the  n'st  nfl'Ltst  Africa.  It  has  been  suggested 
that  11  originated  in  south-east  Nigeria  and 
was  distributed  by  the  Igbos,  who  have  culti- 
vated  this  crop  since  time  immemorial.  It  is, 
however,  e<|ually  possible  that  fluted  pumpkin 
was  originally  wild  throu^out  its  current 
range,  but  that  wild  plants  have  been  har- 
vested to  lo<-al  extinction  and  are  now  replaced 
by  cultivated  forms. 

Uses  The  main  use  of  Telfairia  oeeidentalis 
is  as  a  leaf  and  seed  vegetable.  The  taider 
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Tdfairia  oeddaitcUis  -  wild  and  pkaited 
shoots,  succulent  leaves  and  immature  seeds 

aro  cookoi]  nmi  ronsiimoH  as  a  vngetable.  Tho 
leaves  are  used  alone  or  together  with  okra 
{Abelmosefttis  eaiUei  (A.Chev.)  Stevels  and 
Abelmoachus  esculentus  (L.  )  Mocnch).  dika  nut 
(Irviiit;ia  miboncitsin  (Aulir\ -Lecdint  r  ex 
O'Rorke)  Baillj,  or  egusi  seeds  (Cilrullus  laiia- 
tiia  (Thunb.)  Matsum.  &  Nakai  and  other  spe- 
cies). They  can  also  br  mixed  with  vru  {Cui'liiiu 
afneanum  WelwJ  and  Plerocarpua  soyauxii 
Taub.  They  are  often  cooked  with  fish,  meat 
and  tapioca.  Immature  seeds  arc  cooked  or 
roasted  Seeds  can  also  be  fermented  for  sev- 
eral days  and  eaten  as  a  slurry.  The  I'ruil  pulp 
with  young  seeds  is  occasionally  made  into 
marmalade.  Mature  seeds  are  rmt  consumed 
directly  because  they  have  a  high  content  of 
antinutrients,  but  their  fiat  and  oil  may  be  ex- 
tracted. The  s<>ed  cake  is  suitable  for  fortifying 
foods  and  the  seed  oil  servos  as  cooking  oil  and 
for  making  margarine.  The  oil  can  also  be  used 
as  drjring  oil  for  paints  and  varnishes,  although 
it  is  also  reported  to  be  non-drjing.  The  raw 
flour  shows  better  water-  and  fat  absorption 
properties  than  the  oil,  hence  its  useful  appli- 
cation in  baking  products  and  ground-nu  at 
products.  The  rind  and  pulp  of  the  fruit  of 
fluted  pumpkin  are  used  as  fodder  fur  live- 
stock. Pregnant  women  and  patients  suffering 
from  anaemia  use  leaf  juice  to  strengthen  the 
blood.  The  stems  are  macerated  to  produce 
fibres  that  are  used  as  a  sponge. 

Productioii and  intranattmud  tnde  Fluted 
pumpkin  leavps  are  common  in  the  markets  of 
lowland  areas  m  Benm,  Nigerui  and  Camer- 
oon. During  the  dry  season  in  Nigeria  intensive 
trade  develops  iaa  areas  along  river  banks  for 


sale  to  urban  areas  where  major  food-crop 
markets  develop,  In  Nigeria  the  leaves  are  also 
traiupm^ted  by  road  from  the  south  o\  er  a  long 
distance  to  the  big  cities  in  the  north.  The  cul- 
tivation of  fluted  pumpkin  is  developmg 
around  cities  as  a  way  of  reducing  the  high 
transportation  costs.  No  s1ati<tual  ilata  are 
available  on  the  total  production.  In  Nigeria 
demand  from  different  parts  of  the  country  has 
raised  the  price  of  the  leaves  and  fruits.  The 
average  price  per  fruit  in  Nigeria  is  US$  0.70- 
1.00  (2002). 

Properties  The  moisture  content  and  oom- 

position  of  the  leaves  show  large  variations  as 
a  function  of  cultivar,  plant  age,  ecological  con- 
ditions and  cultural  practices.  The  composition 
<if  tile  leaves  is  comparable  to  that  of  other 
dark  green  leaf  vegetables.  The  leaf  composi- 
tion per  100  g  edible  portion  is:  water  80.4  g, 
energy  147  kJ  (47  kcal),  protem  2.9  g,  fat  1.8  g, 
carlxihydrat e  7.0  g,  fibre  1.7  g.  The  high  con- 
tent of  mineral  nutrients,  especially  of  Mg,  Fe 
and  K,  and  of  carotene  and  vitamin  C  make  the 
leaves  potentially  useful  as  food  supplements. 
Young  lea%'es  contain  the  antinutrients  cyanide 
at  SO  mg  per  100  g  dry  matter  and  tannins  at 
41  mg  per  100  g  dry  matter,  but  their  ooncen- 

I  rat  ions  rir(>  }ie1nw  toxic  levels  and  may  not 
affec-t  the  bioavailability  of  the  minerals. 
Toui^  leaves  should  be  well  oodced  to  remove 
the  potential  toxic  efifects  before  oonsumpi  ion . 
The  composition  of  the  seed  per  100  g  edible 
portion  is:  water  6.2  g,  energy  2280  kJ  (513 
kcal),  protein  20.6  g,  fat  45.0  g,  carbohydrate 
23. .5  g.  fibre  2.2  g.  Ca  84  mi,'  P  '72  ing  (Leung 
W.-T.VV.,  Busflon,  F.  &  Jardrn.  C,  1968).  Other 
sources  recorded  a  protein  content  of  28-37% 
and  an  oil  content  of  42-.">()%  of  the  dr>'  matter. 
The  mineral  content  of  the  .seed  is  reported  to 
be  high.  The  seeds  are  high  in  essential  ammo 
adds  (except  lyshie)  and  can  be  compared  with 

.soya  bean  meal  with  95%  biological  value.  The 
fruit  pulp  has  a  protein  content  of  about  1.0%. 
The  main  constituents  of  the  seed  oil  are  oleic 
Mcid  (37%).  stearic  and  palmitic  acid  (both 
21%).  linoleic  acid  (1.")%).  Variation  between 
samples,  however,  is  large. 

Adulterattons  and  substftutes  Fhited 
pumpkins  as  a  leafy  vegetable  may  be  replaced 
by  other  dark  green  lea^'  vegetables. 

Description  Perennial,  dioecious  herb 
climliing  by  c-oiled.  often  branched  tendrils  to  a 
height  of  more  than  20  m;  root  system  ramify- 
uig  m  the  top  surface  of  the  soil;  stem  angular, 
glabrous,  becoming  fibrous  wh^  old.  Leaves 
arranged  spirally,  pedately  compound  with  3-6 
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Tdfairia  oceidmtedia  -  1,  part  of  nitde  flower- 
ing plant;  2,  paH  of  female  flowering  plant;  3, 

fruit. 

Redrawn  and  adapted  by  Aehmad  Satin  Nur- 
haman 

leaflets;  stipules  absent;  petiole  (2-)l-ll(-15) 
cm  long;  leaflets  with  petiolules  0.6-^.6  cm 
long,  cenfral  one  lar]t;est.  up  to  15(-19)  cm  x 
10(-12)  cm,  lateral  ones  asymmetrical,  usually 
dentate  in  the  upper  two-thirds,  aometimes 
scabrid  undomeath,  3-veined  from  near  the 
basr.  Malo  inflorrsronro  nn  axillan'  raceme  up 
to  3(-5.5)  cm  long,  on  a  peduncle  up  to  26  cm 
long,  with  at  base  of  pedunde  one  long- 

podicollntr  flowrr  floworinp  lonj^  hrforo  the 
others;  female  flowers  solitary'  in  leaf  axils. 
Flowers  5-merous,  cream  coloured,  pedicel  up 
to  4  cm  long,  receptacle  campanulat«,  sepals 
tiiiins^ular.  up  to  ")  mm  long,  potals  fiw.  ob- 
long, Iringed;  male  flowers  with  3  stamens,  two 
4-locular  and  one  2-locular,  with  large  reddish 
cnnnrrtivp  fomalo  flowors  similar  to  malo 
flowers  but  with  inferior,  cylindrical,  3-oelled 
ovary  and  3  large,  heart-shaped  stigmas.  Fruit 
a  drooping,  ellipsoid  berry  40-95  cm  x  20-50 
cm.  weighing  up  to  6  kg,  with  10  prominent 
ribs,  pale  green  and  covered  w  ith  white  bloom 
wax,  finiit  pulp  jrellow,  many-seeded,  Seeds 
compressed  ovoid,  up  to  4.S  cm  long,  black  or 


brown-rcd.  Sf  cdling  with  hypogcnl  germina- 
tion, developing  first  a  taproot  and  then  nu- 
merous, spreading  axillaiy  roots;  epicotyl  5-12 
cm  long:  cotyledons  plandcniivcx  fleshy 

Other  botanical  information  Teljairia  is 
classified  in  the  tribe  JoUffieae  of  the  subfamily 
Ciicii  iln'tnidciii'.  It  crympriscs  ?>  species,  of  which 
Telfairia  pedata  (Sm.  ex  Suns)  Hook,  (oyster- 
nut)  is  much  cultivated  for  its  seed  oil  in  East 
Africa.  The  names  Telfitiria  pedata  and  oyster- 
nut  are  often  used  erroneously  for  Telfairia 
occidentalie. 

Cultivars  of  Telfairia  oceidmtaUe  are  distin- 
guidied  by  seed  colriur.  thickness  nl"  vim-  size 
of  lea^  growmg  vigour,  days  to  flowermg  and 
suoculenoe.  In  Nigeria  the  two  main  cultivars 
are 'ugu-ala'.  characterized  by  succulent  In  oad 
leaves,  small  black  seeds,  thick  stem  and  slow 
growth,  and  ugu-elu  which  has  a  high  grow  th 
rate,  large  brownish  seeds  with  high  viability, 
and  thin  stem  with  small  leaves.  The  largo 
succulent  leaves  of  ugu-ala  make  this  cultivar 
a  commercial  vegetable  in  high  demand,  while 
the  fast  emergence  and  high  growth  rate  of 
'ugii-fkr  is  preferred  by  tVirmers  because  of 
quick  returns.  The  seed  is  often  polyembryonic, 
whidb  is  useful  for  multiplication  and  in  breed- 
ing. 

Growth  and  development  Seed  size  affects 
vigour,  germination  and  seedling  esitablish- 
ment.  The  viability  varies  from  ();}%  for  small 
seed  (<1  1  p)  up  to  HU%  for  the  largest  see.ls  22 
g).  Germination  takes  about  11  days  m  natural 
soil,  but  only  7  days  in  a  sawdust  medium. 

Vine  length  nne  week  after  emertience  is  nn 
average  31  cm  fur  large  seeds,  whereas  small 
size  seeds  grow  into  a  corresponding  vine 
length  of  1(5  cm.  Larger  seeds  also  show  better 
growth  jiotenlial  in  terms  of  number  of  leaves 
and  number  of  branches,  and  show  more  uni- 
formity in  the  seedling  stand.  The  vegetative 

growth  pattern  of  plants  is  sigmoidal  and 
reaches  its  peak  6.5  months  after  plantmg  un- 
der selective  and  periodic  pruning  of  edible 
young  leaves.  Male  plants  flower  aboot  3 
months  after  |danting  a  month  earlier  than 
females  ones.  Flower  opening  starts  from  the 
base  of  the  inflorescence.  Male  flowers  have  a 

nofireablo  sront  arfinnd  noon  when  pollinating 
insects,  mostly  bees  of  the  genus  Trigona,  visit 
the  flowers.  The  stigma  of  female  flowers  is 
receptive  in  the  afternoon.  Hand  pollination 
seems  to  be  advantageous  for  fruit  set  as  it 
resulted  in  35%  fruit  set  compared  to  15%  fruit 
set  in  open  pollination.  Fruit  set  is  evid^oed 
by  a  rapid  growth  of  the  ovary  starting  within 
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3  days  after  pollination.  Fruit  growth  is  sig- 
moidal  over  8  weeks;  growth  is  rapid  between 
1.5-6.5  weeks  after  successful  fruit  set.  A 
white,  WMxy  bloom  ilt  vclups  on  the  sui  f;u  e  of 
firuit  a  week  after  finail  set  and  gradually  mten- 
sifies,  but  at  maturity  it  becomes  less  intense. 
The  maturing  fruit  sometimes  suppresses 
firuits  that  set  later.  Female  plants  produce 
about  18  single  flowers  which  set  fruit,  but 
only  1-4  develop  into  mature  fruits.  Out  of  the 
female  plants  of  a  population,  only  ln-nr 
fruits.  A  large  variation  occurs  between  and 
within  plants  in  the  number  of  seeds  per  fruit, 
from  6  seeds  per  fruit  up  to  19G.  with  nn  aver- 
age of  62  seeds.  The  seeds  are  also  unequal  in 
size,  varying  from  1  g  to  68  g.  Some  seeds  ex- 
hibit polyembryony.  The  seed  is  recalcitrant  in 
nature  and  thus  seed  storage  is  difiicult.  The 
time  tu  physiological  maturity  of  the  fruit  is  9 
weeks  after  fruit  set. 

Identifying  fho  femnlo  plants  from  rilher  seeds 
or  young  seedlings  has  not  been  successful,  but 
vine  size  64  days  after  planting  could  be  used 
as  a  sex  indicator,  because  female  plants  are 
more  vigorous  than  the  male  ones. 

Ecology  In  the  wild,  fluted  pumpkin  occurs 
in  forest  fringes  and  secondary  forest,  possibly 

often  as  a  relic  of  former  cull  i\  nt  ion.  FKiled 
pumpkm  grows  fast  in  the  warm  humid  trop- 
ics, producing  edible  leaves  in  the  rainy  season 
and  at  the  beginning  of  the  dry  season,  for  a 
period  of  f)-I(i  months  Tn  traditional  agricul- 
ture, It  js  a  raml'ed  crop  and  water  deficiencj- 
during  the  diy  season  reduces  its  productivity. 
Although  it  is  fairly  drought  tolerant,  rainfall 
appears  to  be  the  major  frictor  in  its  productiv- 
ity. The  best  leaf  and  fruit  jrield  and  highest 
plant  survival  rate  occur  when  the  plao(>  are 
irrigated  2— .3  times  per  week  ilorinp  the  diy 
season.  Fluted  pumpkm  can  be  grown  under  a 
wide  range  of  soil  conditions.  It  can  be  man- 
aged as  a  short-term  perennial  when  grown  on 
well-drained  soils,  slightly  shaded  and 
middled.  On  soggy  soils  and  in  sunlit  spots  it 
can  only  be  grown  as  aiuuuil 

Propagation  and  planting  I-Muted  pump- 
km seeds  are  viviparous  (germinating  in  the 
fruit).  Since  seeds  are  recalcitrant  they  cannot 
be  stored  for  more  than  days  onos  they  are 
extracted  from  the  fruit.  The  critical  seed  mois- 
ture content  below  which  seeds  cannot  recover 
from  desiocatiotn  is  40-60%.  Fluted  pumpkin  is 
often  grown  as  a  crop  in  homesteads  where  it  is 
intercropped  with  other  vegetables  and  food 
crops  such  as  cassava,  yams  and  maize,  or 
planted  against  fences.  Commerdally  it  is 


grown  as  a  solo  crop.  The  conventional  method 
of  propagation  is  by  seed,  sown  directly  at  a 
rate  of  30,000-70,000  seeds/ha  and  spaced  at 
0..3-1  m  ^  0.3-1  m.  Densely  spaced  stands  are 
best  for  leaf  production,  while  the  wider  spac- 
ing is  best  for  fruit  production  when  staked. 
Depending  on  the  soil  type,  rainfall  and  crop- 
ping pattern,  fluted  pumpkin  can  be  planted  on 
the  flat,  or  on  ridges  or  mounds. 

ManageaiMlt  During  th(>  rainy  s(>ason, 
staking  is  commonly  prnrtised  to  reduce  dis- 
ease infection.  Plants  are  staked  mdividually 
or,  for  fruit  production,  with  bamboo  trellis. 
During  the  dry  season  staking  is  not  needed  for 
crops  for  leaf  production  because  there  is  less 
disease  attadc.  Staking  does  not  have  a  signifi- 
cant efifect  on  the  yit  M  nf  leaves.  Because  of  the 
prolific  nature  of  the  plant  weeds  are  not  trou- 
blesome. Planting  on  Hal  land  is  the  best 
method  of  weed  suppression.  Three  weedings 

may  he  required  in  a  stak'ed  crop  during  the 
rainy  season.  Dunng  the  dxy  season  when 
plants  are  not  staked,  two  weedings  are  needed 
before  the  leaf  canopy  smothers  most  weeds. 
Mulching  can  be  used  as  a  methnd  of  weed 
cunlrul  and  to  retain  soil  moisture.  The  first 
pruning  is  4  weeks  after  emergence  to  stimulate 

brancfail^  and  increase  the  growth.  Irrigation  is 
necessary  for  high  leaf  or  fruit  production  espe- 
dally  under  sole  cropping  in  the  diy  season. 
Watering  is  done  once  every  3  days.  Organic 
manure  or  inorganic  fertilizers  are  used  in  tradi- 
tional systems,  but  for  an  optimal  leaf  yield  the 
recommended  fertilizer  appUcatiofn  is  100  kg 
K2O  and  50  kg  per  ha.  In  southern  Xii:(  ria 
application  of  P  was  found  to  be  especially  im- 
portant, as  N  and  K  only  increased  yields  in 
mml  m  It  ion  with  applicatioii  of  P. 
FcMnale  ]>lnnts  are  more  vigorous  than  male 
ones  and  produce  higher  vegetative  yields.  A 
high  proportion  of  female  plants  by  removal  of 
n  part  of  the  male  plants  18  desirable  for  high 
leaf  and  fruit  yields. 

Diseases  and  pests  White  leaf  spot  disease, 
caused  by  Phoina  sorghina,  reduces  the  leaf 
lamina.  It  also  affects  the  seed.  It  is  controlled 
by  biweekly  foliar  spraying  with  Dithane  M-45 
at  a  concentration  of  600  ppm.  Fiisarium 
monili forme  forms  .a  i!r\  jiow di  r>  mass  of  my- 
oelia  on  the  fruits.  Eru  inia  aivideae  causes  soft 
rot  of  the  leaves  with  yellowish  ooze;  it  also 
affects  the  fruits.  A  prevalent  virus  disease  is 
Telfairia  mosaic  \irus  (Telfairia  mosaic  potwi- 
rus)  (TeMV),  causing  mottlmg  of  the  leaves  and 
low  leaf  ]riel<^  it  also  causes  chlorosis^  stunting 
and  abnormal  fruit  devekpment.  It  is  transmit- 
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tod  by  the  aphid  Aplih  spimecola  and  via  the 
seed.  Fluted  pumpkin  is  remarkablj'  resistant  to 
rt)ol -knot  nematodes  (Meloidogytie  spp  ). 
h'liizopiis  stolon  ifcr  Aspi'miHii  s  itiger.  Bot- 
ryodiplodia  theobromae  and  Eruiiiia  spp.  are 
diseases  of  fluted  pumpkin  firuits  in  storage. 
Fungi  may  cMuse  up  to  9r)%  loss,  bacteria  only 
5%  loss  in  long-term  fruit  storage. 
A  common  pest  of  fluted  pumpkins  is  the 
grasshopper  Zniiocfrii.i  t  (/;■/( '<,'<// //.s  whieh  feeds 
on  \hi-  foliage  and  stem.s,  Th<'  leaf  luM-tle  Cnpa 
occideiUalis  feeds  on  the  leaves,  flowers  and 
other  plant  parts,  while  Spod<^tero  caterpil- 
lars feed  on  leaves  and  bore  into  fruits.  Pach- 
mola  (flower  beetles)  and  Nezara  spp.  (green 
shield  hug)  feed  on  leaves,  stem  and  fruits. 
Margaronia  indica  defoliates  the  plant,  white 
beetle  {Ban's  spp)  feeds  on  fruits.  Sylopta 
dei'ogala,  Aphis  gossypii  and  Aphis  apiraecola 
hinder  growth  by  fieeding  on  stem,  foliage  and 

flower  buds  and  transmit  viruses.  There  are 
some  unidentified  predators  that  feed  on  the 
aphids.  Thrips  of  the  genus  Taeniothrips  cause 
flower  abortion. 

Harvesting  Leaf  harvesting  bejiins  one 
month  after  emergence  and  is  conlmued  at  3— 
4-week  intervals.  The  best  method  of  harvest- 
ing is  by  pruning  i.e.  by  rutting  beneath  the 
lowest  acceptable  leaf  The  harvest  interval  has 
no  effect  on  the  longevity  of  the  crop  and,  de- 
pmding  on  the  irrigation  facilities,  4-6  har- 
vests or  more  are  expected.  In  rommerrial  pro- 
duction during  the  dry  season,  harvesting  time 
in  Nigeria  is  between  November  and  July  with 
18  or  more  harvests.  Fruits  are  harvested  9 
weeks  after  fruit  set. 

Yield  The  fresh  shoot  yield  can  be  as  low  as 
500-1  ()()()  kg/ha.  but  it  ran  also  reaeh  3-10 
t/ba.  In  home  gardens  in  Benin,  one  y>Iant  oc- 
cupying 3  m  of  fence  produced  2  kg  young 
leaves  per  m  in  the  rainy  season  and  600  g  in 
the  drj'  season  without  irrigation.  The  seed 
yield  can  reach  1.9  t/ha,  derived  from  3000 
fruits. 

Handling  after  harvest  After  harvest,  the 
succulent  leaves  remain  fresh  for  just  one  day. 
In  Nigeria  harvested  leaves  are  packed  as 
"heads'  and  tied  in  a  jute  bag.  These  are  col- 
leeted  from  the  farm  gate  Tt  is  possible  to  store 
the  leaves  for  3  days  in  a  jute  bag  in  an  airy 
place  but  thqr  lose  turgidity.  Fresh  shoots  are 
sold  wholesale  to  traders,  mainly  women,  who 
retail  them  in  smaller  bundles.  Large  bundles 
are  wrapped  with  plantain  leaves  or  loosely 
covered  with  old  jute  or  kenaf  cloth  sacks,  and 
sparingly  watered  to  preserve  freshness.  In 


this  way  they  ran  withstand  transport  to  the 
market,  where  they  are  split  into  smaller  units 
for  sale. 

F)ii!t-  may  l>e  stored  in  open  shade  for  1-2 
monlhs  at  the  most.  Most  often  they  are  trans- 
ported by  rail  from  the  eastern  part  of  Nigeria 
to  the  middle  zone  of  the  country.  Before  the 
fruits  are  sold,  they  are  graded  according  to 
size  (small,  medium  and  large).  In  the  market 
they  are  plafe<i  in  heai>s  and  sold  as  heaps  or 
singly.  Seeds  are  left  in  the  fruits  until  th^ 
are  used  for  planting  or  consumption. 

G«netie  resources  Collection  and  preserva- 
tion  of  the  different  accessions  of  West  ami 
Central  Africa  is  neoessaty.  Their  agronomic 
potential  and  leaf  and  seed  quality  should  be 
evaluated.  In  Nigeria  there  is  currently  a  small 
eolleetion  of  iluted  jnimpkin  at  the  Federal 
L'niversily  of  Agriculture  at  Makurdi  and  at 
the  National  Horticultural  Research  Institute 
(NIHORT)  at  Ibadan  A  problem  is  the  recalci- 
trant character  of  the  seed,  making  long-term 
conservation  diflficult.  The  National  Agricul- 
tural Institute  of  Benin,  the  Faculty  of  Sciences 
and  Teeimology  of  the  University  of  Benin  and 
IPGRl  have  recently  set  up  a  jomt  project  to 
Study  egusi  crops,  including  their  genetic  di- 
versity. Telfairifi  nccidi'ii lalis  is  included. 

Breeding  Some  selections  have  been  made 
in  Nigeria  and  Cameroon,  but  no  serious  breed- 
ing work  has  been  carried  out  so  far. 

Prospects  Fluted  pumpkin  could  become  a 
productive  leaf  and  seed  vegetable  once  plant- 
ing material  of  good  cultivars  is  readily  avail- 
able. The  variation  in  the  plants  from  different 
accessions  should  be  used  to  improve  both  the 
quality  and  quantity  of  seed  and  leaves.  In 
Nigeria,  the  Department  of  Crop  Production  of 
the  Federal  University  of  Agriculture  in  Ma- 
kurdi and  NIHURT  at  Ibadan  have  started 
researdi  work. 
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TETRAGONIA  TETRAGONIOIDES  (Pall.) 
Kuntze 

Protologne  Revis.  gen.  pi.  1: 264  (1891). 

Family  \i7(:i;ir<'iic 

Chromosome  number  2n  =  32 
Synonyms  Demidovia  tetragonioides  Pall. 

(1781),  Tetntgoniaexpansa  Mui  rtiy  (1783), 

Vernacular  names  New  Zealand  s|im,u  h, 
warrigal  cabbage  (En).  Tetragone  csornue,  epi- 
nard  de  Nouvelle-Z^lande.  ^inard  d'^tS  (Fr). 

EtSpinafn-  ilc  Xfi\  ,i  Zdnndin  (Po). 

Otigiu  and  geographic  distributiou  New 
Zealand  spinach  was  already  a  popular  vegeta- 
blo  in  New  Zoalnnd,  Australia  and  the  Pacific 
Islnnd.s  in  (ho  18'*'  rontniy.  It  orrurs  naturally 
m  coastal  areas  m  this  region  and  also  in  Ja- 
pan, China  and  Taiwan.  Perhaps  it  is  native  to 
New  Zefiliuul,  and  has  natur;di/cd  from  culti- 
vation elsewhere.  Since  Captain  Cook's  voy- 
ages it  is  known  as  an  antiscorbutic  plant.  It 
was  introduced  in  Europe  and  America  in  the 


Teimgaida  tetragonioidea  -  planted 


late  18'*'  eenturj'  where  it  is  a  fairly  common 
summer  vegetable  in  home  pardens,  grown  as  a 
substitute  for  ordinar\  spinach  (Spinaeia  oU 
enicea  L  ),  Yet  it  is  seldom  grown  eommer- 
ciallj^  the  reason  being  that  the  culinary  qual- 
ity is  less  appreciated  than  spinadi  and  that  it 
cannot  cnni])eti'  with  the  latter  in  yield  and 
ease  of  cultivation,  the  recalcitrant  seed  being 
the  main  handicap.  In  many  subtropical  re- 
gions and  highland  areas  in  the  tropics  it  is 
locally  grown  in  home  garden.s  and  sometimes 
for  market  production,  in  Africa  it  has  been 
recorded  fivm  Senegal,  and  bom.  eastern  Africa 
from  Somalia  to  Smith  Africa  and  Madat;ascar, 
but  it  probably  occurs  in  many  other  countries. 

Uses  New  Zealand  qiinach  is  eaten  cooked 
as  a  green  leafy  vegetable.  It  can  be  used  in 
many  dishes,  like  amaranth  spinach  or  other 
leafy  vegetables  with  a  neutral  soft  taste.  Yet  it 
has  a  distinctive  slit^tly  bitter  taste.  In  the 
Tnited  States  the  tender  tips  are  also  eaten 
raw  in  salads. 

Pkodnction  and  international  trade  New 
Zealand  spinach  has  m  x  ci  become  an  impor* 
tant  commercial  vegetable  due  to  its  labour- 
mtensive  harvest  and  the  difficult  seed  germi- 
nation. It  is  grown  mainly  as  a  small-scale 
home  garden  vegetable  and  jn'odiicl ion  data 
are  not  available.  In  many  countries  m  Suuth- 
East  Asia  it  is  oocasionaUy  grown  as  a  maricet 
vegetable,  but  in  Africa  it  is  rarely  found  at  the 

market 

Properties  The  composition  of  New  Zealand 
spinach  per  100  g  edible  portion  product  as 
purchased  less  20%  waste)  is:  water  9  1  g,  en- 
ergy 59  kJ  (14  kcal),  protein  1.5  g,  fat  0.2  g, 
carbohydrate  2.5  g,  Ca  68  mg,  P  28  mg,  Fe  0.8 
mg,  vitamin  .\  4400  lU,  thiamin  0.04  mg,  ribo- 
flavin 0.13  mg  niacin  0.50  mg,  folate  ]'i  up 
ascorbic  acid  30  mg  (LSDA  2002).  The  nutri- 
tional value  is  comparable  to  other  medium 

green  leafy  x-egotables.  Most  Cn  is  present  as 
oxalates  and  not  avaUable  to  the  human  body. 
Consumption  as  a  raw  vegetable  has  been  dis- 
<  I  >  u  1 , 1  ged  because  of  a  hi^  saponin  content. 
Will  I  ■  Tiiniiionia  ti'tmsoiiioides  plants  showed 
dislmcl  anti-ulcerogenic  activity  in  tests  with 
mice.  The  active  principles  were  determined  as 

Adulterations  and  substitutes  in  cooking 
New  Zealand  spinach  may  be  replaced  by  other 
green  leafy  vegetables  with  a  mild  neutral 
taste,  such  as  Ceylon  spinach,  amaranth,  spin- 
ach and  Swiss  chard. 

Description  Fleshy  annual  heib,  rather 
dark  green  but  covered  all  over  with  minute, 
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Ti'lraniniia  ti-lraiirni  inidrs       I   plan  I  habit;  2, 
floueriag  and  fniiling  ahoot;  3,  flower;  4,  [mil. 
Redrawn  and  adapted  by  Aehmad  Saliti  Nur- 
haman 

shmmg,  white  papillae,  strongly  branched, 
with  trailing-ascending  stems  up  to  1  m  long, 
(n-vrt  when  yonn^.  tcvnc  m  ^liijhtly  angular. 
Leaves  succulent,  arranged  spirally,  simple, 
without  stipules;  petiole  0.6-2.6  cm  long;  blade 
ovate-ifaomboid-triangular,  1.5-11  cm  x  1-7.6 

cm,  cntiro  dnrk  groon  nbovr.  pnlr  trropn  be- 
neath, dull  on  both  sides.  Flowers  axillary, 
solitary  or  2-9  together,  bisexual,  yellowish- 
green,  inronsjiicui )iis  j uTinnfh-f ubo  turbinntr, 
1.5—2  mm  long  durmg  anthesis,  with  (3-)'l(-5) 
unequal  segm^ts  2-3  mm  long,  imder  each 
segment  with  a  short  hornlet.  enlarging  after 
anthi'sis:  sl.im<>ns  4-22,  filaments  yellow: 
ovary  semi-mU  iior,  (2— )5-8(— 10)-celled,  styles 
as  many  as  cells.  Fruit  a  conical,  obconical  or 
globiilnr  di-upo  2.5-12.5  mm  long,  diy  and  in- 
dehiscent,  4-10-seeded,  surrounded  by  the 
perianth  tube,  with  (3-)4(-5)  horns.  Seeds 
subn'iuform, 

Other  botanical  information  in  .MVira 
New  Zealand  spinach  does  not  occur  in  the 
wild,  although  it  has  escaped  from  cultivation 
here  and  there.  No  cultivare  have  been  de- 


scribed. The  .seed  (in  fact  whole  fruits  contain- 
ing several  true  seeds)  is  traded  under  the  spe- 
cie8  name  without  cultivar  names.  Small  mor- 
pholoiiical  diffci'pnce><  in  leaf  shape  between 
accessions  from  different  origin  can  be  ob- 
served. 

Growth  and  development  I'sually  the  diy, 
hard  fruits  are  sown.  They  germinate  erratic- 
ally, taking  from  2  weeks  to  more  than  3 
mtmths,  or  they  .slay  dormant.  A  fruit  some- 
time.'!  result.s  in  one  but  mo.stly  in  more  than 
one  plantlet.  The  plant  flowers  and  fruits  read- 
ily and  continuously,  with  no  apparent  nega- 
tive eflfects  on  growth,  Xew  Zealand  spinach  is 
predominantly  self-pollinated,  but  croas- 
pollination  may  occur.  Hie  firuits  fall  on  the 
groxmd  on  ripening,  thus  reseeding  itself.  After 
germination  initial  plant  growth  is  slow  with 
the  development  of  an  erect  stem,  but  after  2—3 
weeks  growth  accelerates  and  lateral  brandies 
arc  f<irm(  cl  Harvesting  the  young  tip.s  stimu- 
lates branching;  the  leaves  on  the  lateral 
branches  are  smaller  than  the  first  leaves. 
Flowering  starts  after  about  6  weeks,  but  the 
growth  of  side  Itranches  continues.  After  ap- 
proximately 4  months  plants  start  showing 
senescence  and  some  months  later  they  will 

die.  TIowe\(-r  with  pood  care  it  is  possible  for 
the  crop  to  persist  fur  over  one  year,  becoming 
a  short-lived  perainial. 

EUsology  New  Zealand  spinach  is  a  xero- 
phyte  capable  of  enduring  long  periods  of 
drought.  The  succulent  leaves  do  not  wilt  rap- 
idly. In  the  tropics  New  Zealand  spinach  is 
nmre  suitable  for  highland  regions,  at  eleva- 
tions above  1000  m,  but  with  good  care  it  can 
also  be  grown  m  the  lowlands.  It  likes  moder- 
ately high  temperatures  of  l.")-30"C  and  does 
not  tolerate  freezing.  New  Zealand  spinach  is 
not  sensitive  to  day  length.  A  fertile,  sandy, 
well-drained  soil  gives  the  beat  results.  It  is 
salt  tolerant,  but  the  leaves  will  be  of  poor 
quality. 

Propagatfon  and  planting  New  Zealand 
spinadi  is  grown  from  fruits,  which  are  easily 

obtained.  e\'en  under  tropic-al  conditions.  The 
fruits  are  very  hard  coated  and  can  be  kept  for 
years  without  loss  of  viability.  Hie  weight  of 
1000  fruits  is  f).5-l()0  g.  For  planting  one  ha  5- 
15  kg  of  fruits  are  used.  Before  sowing  they 
should  preferably  be  soaked  in  water  for  a  day 
to  soften  the  coat  and  In  Ip  r;i-<ter  germination. 
The  fruits  are  covered  with  I  I  cm  soil.  Seed- 
lings are  usually  raised  m  nurseries  and  trans- 
planted when  they  have  6-7  leaves  into  perma- 
nent beds  at  distances  of  30-60  cm  in  the  row 
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and  100  cm  between  the  rows.  Soaked  fruits  can 
also  be  sown  directlj'  in  the  field.  Propagntion  by 
stem  cuttings  is  not  practised.  Because  initial 
growth  is  slow  a  young  New  Zealand  spinach 
crop  can  be  planted  in  alternating  rows  w  ith 
another  quick-maturing  vegetable. 

Management  Manure  andAn-  fertilizer 
should  be  amply  supplied  to  obtain  rapid,  ten- 
der growth.  A  nitrogen  fertilizer  is  advanta- 
gtM)us  as  a  si(ii'  dressing  to  stimulate*  regrowth 
aftei-  harvosiin<:.  .\  p)-(jduce  of  .'^0  t/ha  of  har- 
vested shoots  contams  approximately  60  kg  N, 
15  kg  PaOe  and  105  kg  K2O;  the  total  recom- 
mended fertilizer  application  per  ha  is  100  kg 
N,  25  kg  P2O5  and  150  kg  K2O.  Once  fully  de- 
veloped, one  plant  eanly  covers  1  m^  of  ground 
surface.  Mulching  is  not  needed.  Once  fully 
established,  the  crop  competes  well  with  weeds, 
makmg  weeding  unnecessary'.  Although 
drought  resistant,  it  is  necessary  to  irrigate 
under  drj'  condition.s,  giving  at  least  (>  mm  per 
day  for  a  good  yield  of  tender  tops.  When 
growth  and  yield  become  unsatisfiBctory,  the 
mat  of  old  plants  may  I  pulled  up,  and  the 
young  {ilants  which  are  dev  eloping  underneath 
from  fallen  fruits  may  be  used  for  a  new  crop. 

Diseases  and  peata  New  Zealand  spinadi  is 

little  affected  by  diseases  and  {jesls.  Rol  of  the 
prostrate  stems  may  occur,  but  this  is  insignifi- 
cant on  sanely  soils.  Old  plants  ma\  degenerate 
due  to  virus  infestation.  Leaf  hoppers,  snails 
and  aphids  ore  sometimes  a  bit  troublesome. 
No  serious  soilborne  diseases  are  known,  ex- 
c^t  root-knot  nematodes.  These  are  controlled 
by  crop  rotation,  e.g.  with  amaranth  or  with 
maize.  Liberal  gifts  ol'  organic  fertilizer  also 
reduce  the  nematode  {population. 

Harvesting  Whm  the  central  st  rn  .md  the 
branches  have  grown  to  a  height  ami  li  n^'th  of 
over  30  cm,  6-8  weeks  after  germination,  tops 
of  15-20  cm  may  be  cut  or  handpicked  for  the 
first  hnn  est.  .As  the  plant  spreads  over  the  soil, 
harvesting  of  new  shoots  by  handpicking  may 
(xmtinue  at  weekly  intervals  over  a  period  of 
several  mdnths.  When  regularly  cut  back.  il)>> 
plant  may  persist  in  the  trojiics  jis  a  short-liv  ed 
perennial.  This  is  common  in  home  gardens, 
whereas  market  gardeners  remoive  the  crop 
after  some  months  when  the  yield  and  quality 
have  become  inferior.  Regular  han'estmg  with 
short  intervals,  e.g.  once  per  week  or  per  2 
weeks,  is  reronunended  to  promote  growth  of 
new  shoots,  older  leaves  including  stems  with 
fruits  must  be  avoided  for  consumption  as  they 
beccwie  bitter  and  fibrous. 

Yield  tbs  yield  of  the  fiwst  harvest  amounts 


up  to  1  kg  per  m^.  With  continuous  harvesting 
over  a  period  of  .3—1  months,  a  total  yield  of 
about  -3  kg/m-  may  be  obtained. 

Handling  after  harvest  The  leaves  do  not 
store  lor  more  than  a  day  at  ambient  tempera- 
tures. They  should  be  consumed  soon  after 

haiA'est  nr  [Hit  in  ;«  i  i>ol  room. 

Genetic  resources  No  germplasm  collec- 
tions have  been  recorded. 

Breeding  Genet  ir  improvement  of  the  crop 
has  not  been  under!  aken  Many  seed  compa- 
nies in  Western  countries  sell  fruits  (seed)  of 
New  Zealand  spinach.  Various  accessions  show 
a  slight  variation  mainly  in  leaf  shape. 

Prospects  New  Zealand  spinach  is  easy  to 
grow,  high  yielding  and  nutritious.  It  is  an 
ideal  vegetable  for  home  gardens.  A  few  plants 
are  sufficient  for  a  regular  supply  It  is  drought 
resistant,  salt  tolerant,  and  hardly  affected  by 
pests  and  diseases.  It  deserves  more  attention, 

especially  in  the  African  highland  areas  Re- 

seardi  could  ccmoentrate  on  genetic  variation 
with  possibiUties  for  breeding,  and  on  seed 

technology  to  solve  the  germination  problem. 
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Thunbekgia  L.VNCIFOUA  T.Anderson 

Protologne  Joum.  Linn.  Soc.  Bot.  7:  19 

(1863). 
Family  Acanthaoeae 

Origin  and  geograflllic  distribution  Thim- 

beigiu  IniK  ifnlid  occurs  in  DR  Congo  Hurundi. 
Tanzania,  Malawi,  Zambia,  Angola,  Zimbabwe 
and  Mozambique. 

Uses  In  Malawi  and  Zimbabwe  the  young 
leaves  of  Thunbergia  lancifoUa  are  collected 
from  the  wild,  cooked  and  used  as  a  vegetable, 
althoufj^they  are  rather  tough.  Sometimes  the 
leaves  are  cooked  in  the  sour  liquid  ( nia- 
tsukwa)  that  remains  after  soakmg  maize, 
sometimes  mixed  with  young  leaves  of  sweet 
potato.  This  latter  product  ia  not  much  liked 
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and  only  cookod  occasionally.  The  flowers  are 
rich  in  nectar  and  sucked  for  their  sweetness. 
In  Mozambique  the  riiizome  is  applied  as  dried 
powdtT  oil  swellings  and  tm  vxtnu-tum  in  wa- 
ter is  drunk  against  bilharzia.  Ash  of  the 
burned  rhizome  is  eaten  with  food  by  women  as 
contraceptive.  In  DR  Congo  macerateil  leaves 
are  applied  to  burns.  In  Zimbabwe  an  infusion 
of  the  plant  is  used  to  treat  skin  diseases  and 
after  soaking  the  leaves  for  some  hours,  the 
extract  liquid  is  used  as  h.iif  shnmpno 

Properties  No  data  on  nutritive  value  or 
chemical  composition  are  available  for  Thuti' 
bi'vijia  IfincifoHa.  In  Tlniiibergi'a  alula  Suns  nf 
which  the  leaves  are  also  eaten  but  which  is 
more  important  as  an  ornamental,  phenolic 
compounds  (caffeoylmalic  acid,  fei  ul  >\  hnalic 
acid  and  p-coumaroylmalic  acid)  have  been 
found  in  the  leaves,  and  in  several  other  spe- 
des  iridoid  gljrcosides  (e.g.  stilberiooside). 

Botany  Erect  branched,  pen  nnird  herb  or 
shrub  up  to  90  cm  tall,  glabrous,  with  woody 
rhizome;  stems  grooved.  Leaves  decussately 
opposite,  simple,  subsesnile;  blade  linear- 
lanceolate  to  elliptical,  oblanceolate  or  obovate, 
4—19  cm  X  1—4  cm,  base  attenuate,  sometimes 
auriculate,  apex  acute,  margin  entire,  glabrous 

or  silabi-escent  plossy  nl  lirilh  surfaces.  Flowers 
solitary,  axillarj',  zygomorphic,  large,  sub- 
tended by  2  ovate  bracts  3  cm  x  2  cm;  pedicel 
up  to  3  cm  long  in  flower,  6.5  cm  in  fruit;  calyx 
persistent  connate  at  base,  with  unequal, 
short,  irregular  teeth;  corolla  tubular,  o-lobed, 
tube  c.  3  cm  X  1.6  cm,  lobes  unequal,  c.  2  cm 
long,  lavender  to  reddish  with  yellnw-<irange 
throat;  stamens  4,  didynamous.  included  in 
tube,  anthers  with  a  spur  above,  hairy  below, 
the  ventral  pair  with  n  straight  spur  below; 
ovary  superior,  2-celled  style  cylindrical 
stigma  tunnel-shaped,  triangular.  Fruit  a 
finely  pubescent  capsule,  suhglobose  at  base 

and  l.n  cm  in  dinmeter,  with  a  prominent  boak 
1.5  cm  long,  splitting  in  2  halves  at  maturity. 
UuiJibergia  is  a  large,  ]»>(>rly  known  genus, 
comprising  about  100  species  and  confined  to 
the  Old  World  trr)pics  and  sul)tropics.  In  Ma- 
lawi the  leaves  ot  Jliiiiibergia  obloiigifolia  Oliv. 
(an  erect  woody  heib,  also  known  from  Tanza- 

ni;i)  rire  similarly  used  n.s  n  vegetable.  Tluin- 
bergia  aurea  N.E.Br.,  occurruig  in  Botswana, 
Namibia  and  South  Africa,  also  has  edible 
leaves.  Several  Thunbergia  species  are  popular 
ornamentals,  e.g.  Thinibprgin  nlala  Sims 
(black-eyed  Susan)  m  eastern  and  southern 
Africa,  and  Thunbergia  ffvmdiflora  (Roxb.) 
Roxb.  (tihie  trumpet  vine^,  introduced  and 


naturalized,  for  example,  in  Nigeria.  Both  lat- 
ter species  have  edible  leaves. 

Eicology  Thunbergia  laneifolia oocars  m  dry, 
regularly  burned  savanna  and  open  woodland, 
at  1000-180U  m  alt  itude. 

Genetio  resoinrees  and  breeding  JTiun- 
bciiria  laneifolia  in  rather  widespread  and  not 
in  danger  of  genetic  erosion. 

Prospects  Thunbergia  laneifolia  will  re- 
main a  minor  vegetable,  mosl  piohahly  only 
locally  enten  in  times  of  food  scarcity.  The 
large,  showy,  blue  flowers  with  orange-yellow 
throat  and  the  erect,  short,  shrubby  habit 
ni.ike  It  ,1  |nit(  nd.il  i/in-'unent .-d 

Major  references  Burkill,  ILM.,  1985;  Bur- 
kill,  I.H.  &  Clarke,  C.B.,  1899-1900;  Jansen, 
P  C M.  &  Mendes  O    1983;  Tredgold,  M.H.. 

19Htl:  Willi.amsnn,  J..  1955. 

Other  references  Benoist,  R.,  1967;  Heme, 
H.,  196da;  Housti,  P.,  Andary,  C,  Gargaden- 
noc,  .A.  &  .'\mssn  M.,  2002;  Jensen,  S  R.  & 
Nielsen,  B.J.,  1989;  Meyer,  P.G.,  1968;  Retie£ 
E.  &  Reyneke.  W.F.,  1984;  Sdionenberger.  J., 
1999, 
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Trianthema  fortulacastrum  L. 

Protologue  Sp.  pi.  1:  223  (175:^). 
Family  Aizoaoeae 

Chromosome  number  2/;  =  'M'l 
Synonyms  Tnanlhenui  inonogyna  L.  (1767). 
Vemaonlar    names     Horse  purslane, 
car|>et\\eed,  giant  pigweed  (En).  Pouipier  cou- 

rant  (Fr). 

Origin  and  geographic  distvibulion  TVuxn- 

theina  porliilara.itniin  is  distributed  pantropi- 
cally  m chiding  in  tropical  Africa,  where  it  is 
widespread. 
Uses  In  Africa  the  young  tops  and  leaves  of 

Trimillii'inn  parftilarasfnini  are  enten  as  a 
cooked  vegetable  or  in  soups;  there  are  records 
of  such  use  fix>m  Ghana,  Cameroon  and  Tanza- 
nia. In  India  and  South-East  Asia  it  is  simi- 
larly used.  II()\\  e\  er.  the  plant  may  cause  diar- 
rhoea or  paralysis,  particulaily  when  older 
leaves  are  eaten.  When  used  as  a  fodder,  it  can 
produce  similar  effects  and  most  domestic  ani- 
mals refuse  to  eat  it.  The  seeds  are  harmful 
contaminants  in  food  grains  and  other  crop 
seeds.  Hie  plant  has  a  potential  value  as  a 
source  of  orpanic  matter.  The  roots  have  ca- 
thartic and  stomachic  properties  and  in  ^Atrica, 
the  Philippines,  Thailand  and  India  they  are 
used  to  relieve  obstructions  of  the  liver  and  to 
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relieve  asthmn.  In  Asin  they  are  given  as  an 
emmenagogue,  and  in  larpe  doses  as  an  aborti- 
facient.  Tlie  leaves  are  diuretic  and  are  applied 
in  th<>  treMtment  of  oedema  jaundice.  |>ai!d'ul 
discharge  of  urine  and  dropsy.  A  decoction  of 
the  herb  is  used  as  a  vermifuge  and  is  useful  in 
rheumatism:  it  is  considered  an  antidote  to 
alcoholic  poisoning.  The  fleshy  nature  of  the 
leaves  makes  them  suitable  for  use  as  a 
wound-dressing  or  poultice.  In  Nigeria  the  old 
leaves  are  used  in  a  treatment  apainst  gonor- 
rhoea. In  Gabon  a  decoction  of  the  powdered 
root  is  taken  to  treat  venereal  disdiarge.  Dried 
plants  are  oecfisionally  traded  in  local  maricets 
and  by  herbahsts. 

Properties  Truinthema  portulaeastrum  con- 
tains the  alkaldnl  trianthemine  and  the  steroid 
ecdysterone.  The  flavonoid  C-niethylflavone 
has  been  isolated  from  the  dichloromethane 
extract  of  the  herb.  The  seeds  contain  12.6%  of 

a  fatty  oil,  and  the  loaves  contain  caroffne  and 
oxalates.  Pharmacological  investigations  of 
extracts  of  Trianthema  poHulacaatnim  re- 
vealed effects  on  the  Uver.  An  ethanol  extract 
of  the  aerial  parts  showed  a  significant  reduc- 
tion of  CCli-induced  chronic  hepatocellular 
damage  of  Swiss  albino  mice.  A  chloroform 

extract  sho\ve<l  a  siixnificant  r<'iluclion  of  <li- 
ethylnilrosoamme-induced  hepatucarcinogene- 

sis  in  Sprague-Dawley  rats.  In  particular  the 
inddflnce,  numerical  preponderance,  multiplic- 
ity and  size  distribution  of  visible  pre- 
neoplastic nodules  were  reduced.  An  ethanol 
extract  of  the  plant  has  also  shown  some  effects 
on  blood  pressure  of  guinea  pi^'s  and  on  their 
ileum.  Ecdysterone  is  a  potential  chemosteri- 
lant.  and  possesses  moulting  hormone  activity, 
^Mvini:  a  full  pupation-resfpoase  for  larvae  of  the 
housi  ily  Triaiithemn  pnrtiilncastniw  shows 
allelopalhic  effects  on  other  weeds  and  crops 
including  sm^um,  pumpkin,  affiant,  radidi, 
several  pulses  and  wheat  by  inhibit inp  seed 
germination  and  vigour  of  seedlings.  Interest- 
ingly, it  is  also  autotoxic  as  plant  extracts  re- 
duce its  seed  germination,  shoot  loigth  and 

Botany  .\n  annual,  prostrate  or  ascending, 
succulent  herb  up  to  60  cm  tall,  often  mudi 

branched,  plabrnus  or  fim  ly  indu  srent,  with  a 
firm  taproot.  Leaves  opposite,  simple,  those  of 
the  same  pair  very  imeqpial  in  size;  stipules 
snudi:  petiole  0.5-^  cm  loi^  dilated  and 
shoathinp  at  the  base,  pairwise  connate  into  a 
funnel-shaped  sheath;  blade  ovate-obovate  to 
oboordate-oblong,  1-6  cm  x  0.5-4.6  cm,  entire, 
purple  or  green.  Flowers  soUtaiy,  axillaiy,  the 


Trianthema  poHulaeeutmm  -  1,  plani  hcAU;  2, 
noil''  iriih  flower:  3,  fruit,  florcd  tube  removed; 

4,  seed. 

Source:  PROSEA 

lower  part  hidden  by  thi-  sheath,  bisexual, 
regular,  pale  pmk,  rarely  white;  perianth  5- 
lobed,  4-6  mm  long,  tube  fused  with  the 
petiolar  sheath,  with  the  2  pointed  brnctei)h's 
and  with  the  stem,  lobes  obtuse  with  a  long 
dorsal  but  almost  apical  mucro;  stamens  10- 
25.  filaments  whiti-  jLihrou-s;  ovarj"  superior, 
turbinate,  truncate  l-<i  ller|.  style  c.  1.5  mm 
long,  unilaterally  stigmatose  throughout  its 
length.  Fruit  a  circumsdsdla  capsule  6  mm  x  3 
mm,  partly  exserted  from  the  persistent  peri- 
anth, 2-8-8eeded.  Seeds  reniform,  1.5-2.5  mm 
long,  with  foint  wavy  ribs,  black.  Seedling  with 
epigeal  germination. 

Tnuntlifiiia  comprises  about  17  species  and  is 
closely  related  to  Sesuiiitiii  and  Cypselea. 
These  3  genera  are  thought  to  link  the 

Mznarrar  to  the  Pnrtiilararrne. 
The  production  of  flowers  and  seeds  of  Trian- 
thema porttilacastrum  starts  20-30  days  after 
germin  d  II  111  of  the  seeds. 

Ecology  Tiiaiilhriiiri  juivlularaslntm  is  a 
common  weed  m  fields  and  m  open,  sunny  lo- 
calities such  as  roadsides;  it  is  often  fotmd  on 
clayey  soils  near  the  sea,  up  to  200  m  altitude. 


I  'ci 


532  VEGETABLES 


Management  Seeds  of  Trianthema  portula- 
cast  mm  germinate  between  20°C  and  •I5''C, 
with  an  optimum  at  35°C.  More  than  50%  of 
fresh  seeds  tjerminate  within  4-8  days  of  incu- 
bation. V\lien  stored  under  field  conditions, 
gennination  increases  during  7-8  months.  Op- 
timum sowmt,'  depth  is  1  cm 
Trianthema  portulacaatniin  is  often  an  aggres- 
sive weed.  It  can  be  controlled  either  by  uproot- 
ing the  plants  before  flowering,  or  by  spraying 
e.c  the  myroherbieide  Gihlyofin  triaulhpwoi^  or 
the  herbicide  Fernoxone.  it  is  a  host  for  auber- 
gine mosaic  virus,  tobacco  mosaic  virus,  rice 
tungro  bacilliform  virus,  rice  tuniim  spherical 
virus,  cucumber  mosaic  virus  and  watermelon 
mosaic  virus.  It  is  attacked  by  trianthema  mo- 
saic virus,  whidi  causes  distinct  necrotic  le- 
sions on  the  leaves:  this  virus  may  also  attack 
several  other  weeds  and  tobacco.  It  is  also  at- 
tadced  by  lungi  audi  as  Maen^omina  phaaeo- 
litia,  causing  diy  mot  rot,  and  by  nlJi'tolriclmiu 
captici,  Futariuiii  .-irin! tectum,  Drechslem  spp. 
and  StemphyUuiii  -^pp  aU  of  which  cause  leaf 
spot  diseases. 

Genetic  resources  and  breeding  Triau- 
Ihcina  portulacastrum  is  extremely  widespread 
and  occurs  in  anthropogenic  habitats,  whidi 

means  lh;it  there  is  no  risk  of  penelir  erosion. 
Much  effort  is  made  to  eradicate  it  as  a  noxious 
weed,  but  it  seems  well  able  to  survive  since  it 
is  resistant  to  man}'  herbicides. 

Prospect^!  The  nutritive  aspects  (and  possi- 
ble toxicity)  of  Trianthema  portulaxrastmm 
need  more  investigation  before  its  value  as  a 
\euetable  can  be  determined,  The  anti- 
hepatutoxic  efiEects  of  its  extracts  in  cases  of 
jaundice  and  alcohol  poisoning  are  interesting. 

These  effects  meril  I'urthe-r  researdl,  48  do 
those  of  the  isolated  ecdysteron©  as  a 
chemosterilant  in  pest  control. 

M^jor  refer«M«i  Aguilar,  N.O.,  ^Ic; 
Burkill  H.M.,  1985;  Jeffrey,  C,  1960;  JeOxy, 
C,  1961. 

Otiter  references  Adamson,  R.S.,  1962; 

.Aneja,  K,R.,  Khan,  S  A  &  Kaushal,  S,.  2000; 
Balyan,  R  S,  &  Bhan.  V.M  .  1986:  Bogle,  A.L., 
1970;  iMandal,  A.,  Karmakar,  R.,  Bandyop- 
adhyay,  S.  &  Chatteijee,  M.,  1998;  Raponda- 
Walker.  A.  &  Sillans,  R.,  1961;  Ravishankar, 
G.A.  &  Mehta,  A.R.,  1979;  van  den  Bergh, 
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TRICHOSANTHES  CUCUM£RINA  L. 

Protologue  Sp.  pi.  2:  1008  (1753). 

Family  Cucurlutaeeae 
Chromosome  number  2n  =  22 
Synonjnns  TriehoaoHthes  anguifiah.  (1753). 

Vernacular  names  Snake  geurd  snake 
tomato  (En)  Patole,  ooncombre-serpent,  ser- 
pent vegetal  (Fr).  Ab6bora  aerpente,  quiabo  de 

mein)  (Po), 

Origin  and  geographic  distribution  The 
genus  Trichosanthes  is  native  to  southern  and 
eastern  Asia,  Australia  and  islands  of  the 
western  Pacific  Tricltosdiitln's  vm'iiiiH'niia  is 
found  \s  ild  throughout  these  areas.  It  was 
probably  domesticated  in  ancient  times  in  In- 
dia, from  where  non-bitter  and  large-fruited 
types  may  have  migrated  to  other  tn)|ucal  ar- 
eas. It  is  grown  as  a  minor  vegetable  in  many 
countries  of  tropical  Asia.  It  is  locally  grown  as 

a  vegetable  in  home  gardens  in  .Nfrira  where  it 
has  Ix'cn  recorded  from  several  countries  and 
piol);il>ly  occurs  in  many  more.  Commercial 
growers  around  big  cities  in  East  Africa  occa- 
sionally grow  culti\';u*s  of  snake  gourd  im- 
ported fi'um  India  for  people  of  Indian  origin. 
Uses  Immature  fruits,  and  more  rarely 

yoimg  shnf)ts  and  leaves  of  snake  gourd  are 
used  as  cooked  vegetables.  In  some  types  all 
plant  parts  have  an  unpleasant  odour  that 
disappears  upon  cooking.  Young  fruits  may  be 
somewhat  bitter  but  this  also  disappears  dur- 
ing cooking.  The  bitterness  of  the  fruits  in- 
creases witii  maturity.  The  fiilly  mature  fruit 
contains  a  soft,  red.  tomato-like  pulp  that  is 
used  in  stews  or  sauces  as  a  suhstitufe  fur  to- 
mato puree  or  paste.  However.  ptopU  prefer 
true  tomato  because  of  the  astringent  acidic 


Triehoatmthea  eueumerina  -  planted 
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taste  of  snake  gourd  pulp.  The  use  of  snake 
gourd  as  a  replacement  for  tomato  is  reported 
from  Sierra  Leone,  Liberia,  Cote  d'lvoire, 
Ghana.  Bt^nin  and  Nijjeria 
The  mature  fmit  has  been  reported  as  purga- 
tive. An  infiision  of  the  young  shoot  is  mildly 
aperient,  thf  Iciif  s;i|)  is  i.'jm'tir  and  the  seeds 
are  anthelmintic  and  antiperiodic.  The  plants 
are  also  grown  in  compounds  as  a  dual  purpose 
V(>ge<nhl<>  and  ornamental  for  the  white, 
frint^nnl  Dowors  fragrant  at  night,  and  the 
decorative  i'l-uits. 

Production  and  international  trade  In 
West  Africa  ymint;  fruits  and  pulp  of  mature 
fruits  are  sometimes  traded  on  local  markets, 
but  in  most  plaoM  snake  gourd  is  only  pro- 
duced for  own  consumption.  Mauritius  pro- 
duces about  700  t  snake  gourd  fruit  per  year 
and  exports  2—3  t.  No  other  data  on  production 
and  trade  in  Africa  are  known.  In  India,  snake 
poui'd  is  .-)  riithcr  impiortan)  mnrkc  t  vctict ahlo, 
especially'  in  the  south.  The  cultivation  of  the 
plant  for  fruit  pulp  production  is  increasmg 
and  in  spreading  widely  along  the  coast  of  West 

.\rri.':i 

Properties  The  nutritive  value  of  immature 
fruits  of  aiake  gourd  per  100  g  edible  portion 

(!V1%)  is  w.itor  92.9  g,  energy  8!)  kJ  (21  kcal), 
protem  0.5  g,  fat  0.3  g,  carbohydrate  4.1  g,  fibre 
1.7  g,  Ca  26  mg,  P  20  mg,  Fe  0.3  mg,  thiamin 
0.04  mg,  riboflavin  0.06  mg,  niacin  0.3  mg, 
folate  l.T  ug  asrorbir  arid  trncc  (Holland,  B. 
Unwin.  1,D.  &  Buss,  DM..  1991).  No  data  are 
available  on  the  composition  of  the  red  fruit 

pulp  and  the  leaves, 

A  galai'lnse-specific  lectm  with  agglutmation 
activity  i>  present  in  the  seeds.  The  seeds  also 
contain  a  ribosome-inactivating  protein 
(trichoanguin).  The  rhloroform  extract  of 
THchosanihes  cucumerina  roots  showed  sig- 
nificant antibacterial  activity  against  Pseudo- 
mnnas  nrniffitiosa,  and  seed  extracts  diowed 
nematicidal  activity. 

Adulterationa  and  substitutes  The  young 
fruits  can  be  replaced  by  other  cucurbits  such 
as  squash  (Cticti rhila  pcpo  L  ),  bottle  gourd 
{Lag0lianu  siceiana  (Molina)  Standi.)  or  ridged 
gourd  (Luffa  aeuiangula  (L.)  Roxb.). 

Description  Monoorious  nnnunl  herb 
climbing  by  2-3-branched  tendrils;  stem  slen- 
der, 5-angled.  Leaves  alternate,  simple;  stip- 
ules absent:  pt'iml'  2-10  cm  long,  furrowed, 
surrulent,  scalirid  haiiy;  blade  slightly  to 
deeply  5-7-lobed,  7-25  cm  x  8-20  cm,  cordate 
at  base,  margin  d«itate,  pubescent.  Flowers 
unisexual,  regular,  6-meroua,  white;  calyx  tu- 


rricliosanthes  cuciiiiierina  -  1,  fluueriiig  shoot; 
2,  top  of  female  flower  in  Imgitudinal  section,' 

fniil;  4.  .trcH. 
Source:  PHOSEA 

bidar;  corolla  lobes  fringed  with  hairlike  out- 
growths; male  flowers  in  .'i-mnny-flowerod  axil- 
lai^j'  racemes  on  10-30  cm  long  peduncles,  with 
3  stamens;  female  flowers  solitary  and  sessile, 
with  inferior.  1-oelled  ovary  long-hairy,  stig- 
mas 3.  Fruit  a  very  slender,  long  and  cylmdri- 
cal  berry,  often  twisted,  30-180  cm  x  2-10  cm, 
green idi-whtte  when  immniure,  dark  red  when 
mature  many-seeded.  Seeds  flattened  1  —  1. .5 
cm  long,  greyish-brown,  sculptured,  margin 
undulate.  Seedling  with  epigeal  gwraiination. 

Other  botanical  information  The  genus 
Trichosanihes  comprises  about  100  species,  of 
which  a  few  have  been  domesticated  in  Asia, 
snake  gourd  being  the  most  important.  Two 
varieties  are  distinguished  within  Trichosan- 
Ihea  cucuiiierina.  the  wild  var.  ciuiiinerina  oc- 
curring from  India,  Sri  Lanka  and  China, 
thrnuph  South-East  Asia,  to  nnrthmi  .\usfra- 
iia,  and  the  cultivated  var.  aiigtiina  (L.)  Hames 
with  its  elongated  fruits.  Only  traditional  land- 
races  of  Trichosaulhes  cucumerina  are  used  in 
West  and  Central  Africn  whereas  improved 
cultivars  from  India  are  grown  m  East  Africa. 

Growtii  and  developntent  Flowering 
starts  5-6  weeks  after  emergoice  of  the  seed- 
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ling.  Male  flowers  appear  first  followrd  by  fe- 
male ones  3  days  later.  The  flowers  open  in  the 
evening  or  in  the  early  morning.  Anthers  de- 
hi-^ii-  severnl  hours  licfore  anthi'sis,  stigmas 
are  receptive  from  a  few  hours  before  anthesis 
to  a  few  hours  after.  Pollinaticm  is  effected  by 
insects  inrluiling  Vxt-s.  wasps,  ants  Imtterflies 
and  moths.  The  fruits  can  be  harvested  2—3 
months  after  sowing  or  planting  and  the  har- 
vest may  continue  lor  '1  monihs. 

Ecology  Wild  snake  gourd  grows  in  >;rrub 
vegetation,  along  forest  edges  and  in  open  for- 
est, from  sea-level  to  1500  m  altitude.  Snake 
gourd  is  well  adaptcil  to  tho  luimid  fmpical 
lowlands.  The  optunum  average  day  tempera- 
ture for  growth  is  30-35*C  with  a  minimum  of 
20"C.  It  does  not  tolerate  dry  soil  and  requires 
a  good  moisture  reserve  in  the  soil.  However,  it 
is  sensitive  tu  waterlogging. 

Propagation  and  planting  Seeds  of  snake 
gourd  arc  dried  nftor  iTmf>\  rd  from  the  mature 
fruits.  They  are  recalcitrant.  The  seeds  are 
sown  in  planting  holes  or  on  ridges  100-150  cm 
apart  and  60-75  cm  between  plants,  requiring 
4-<j  kg  seed  per  ha  Alternative  to  this  direct 
sowing  method,  seeds  can  be  raised  m  the 
nursety  and  seedlings  transplanted  to  the  field 

when  (hey  have  2  (rue  leavers.  TIow(  \-er  farm- 
ers prefer  dircrl  sow  ing  because  of  the  deheate 
diaracterof  the  i)lnnt, 

Management  In  ptM'i-urlf.in  iii:irl<i'l  ^^'l^ll<'n- 
ing,  snake  gourd  is  trauK  d  riltmg  jioles  m-  trel- 
lises, and  in  home  gardens  the  plants  are  al- 
lowed to  trail  over  a  wall  or  fence.  When  the 
fruits  start  develi>]iing,  a  stone  or  other  weight 
IS  attached  tu  the  apex  of  each  fruit  in  order  to 
produce  straight  fruits.  Snake  gourd  responds 
well  to  manuring  and  fertiHzer  application,  but 
caution  should  be  taken  not  to  apply  too  much 
nitrogenous  fertilizer  as  this  leads  to  excessive 
stem  production  at  the  expense  of  fruit  produc- 
tion.  Tn  areas  where  seasonal  moisture  stress  is 
experienced,  there  is  a  need  for  irrigation. 

Diseases  and  pests  Downy  mildew  (Pseu* 
dopcrouospora  ciibensis)  and  anthracnose  (Col- 
Irtolricltiiiii  Uiaeiian'iiiii)  attack  immature  and 
mature  fruits.  They  are  controlled  by  removal 
of  the  attacked  fruits  and  by  sprasring  of  fungi- 
ride  e  g  maneb  Snake  t:*]un!  is  susreptible  to 
damage  by  root-knot  nematodes,  it  is  attacked 
by  several  insects,  including  Baetroeera  and 
Daeua  fruit  flies,  Diaphcmia  caterpillars, 
Losinptrra  gnll  miilges  and  Beiuisin  white  tlios. 
but  information  on  the  extent  of  damage  and 
measures  of  control  are  lacking  especially  for 
Africa. 


Harvesting  Fruits  are  picked  when  still 
immature  about  2  weeks  after  fruit  set,  when 
they  are  30-('>o  i  m  in  length,  or  up  to  1  m  de- 
pending on  the  cultivar  and  may  weitih  up  to  1 
kg.  WTien  fruit  pulp  production  is  the  objective 
of  cultivation,  ^e  harvest  of  the  fruits  takes 
place  at  full  maturity.  The  same  ripe  fruits 
may  be  used  for  seed  extraction. 

Yield  Landraces  produce  6—10  fruits  per 
plant,  improved  cultivars  up  to  60.  Th(>  total 
yield  of  young  fruits  ranges  from  8-10  t.'ha  If 
npe  fruits  of  about  1  kg  are  harvested,  a  yield 
of  up  to  30  t/ha  is  reported. 

Handling  after  harvest  The  young  fruits 
store  well  for  10-14  days  at  a  temperature  of 
about  15*C  and  high  humidity. 

Genetic  resources  Germplasm  collections 
are  available  at  genebanks  at  XArr^RAB, 
Ibadan,  Nigeria,  at  Kerala  Agricultural  Uni- 
versity, Thrissur,  India,  at  NPGRL-IPB,  Los 
Ratios  Phili])i)ines  and  at  Cornell  University, 
New  York  t  nited  States. 

Breeding  Breeding  woric  has  been  per- 
formed by  Indian  seed  companies,  selecting  for 
high  jield.  good  fruit  quality  an<l  disease  resis- 
tance. Efforts  are  needed  to  breed  for  increas- 
ing the  female  to  male  flower  ratio.  There  is 

also  need  to  breed  for  fruit  pulp  with  less  as- 
tringent acidic  taste. 

Prospects  TViehoaotttkea  eucumerina  is  a 

newly  introduced  crop  of  increasing  importance 
in  several  jiarts  of  \frica,  inehiding  (Ihana  and 
Nigeria,  mauily  for  the  red  fruit  pulp  as  a  sub- 
stitute for  tomato  sauce.  There  are  no  indica- 
tions that  the  consumption  of  young  snake 
gourd  fruits  will  become  of  great  importance  m 
Africa. 

Major  references  Bates,  D.M.,  Robinson, 
R.W.  &  Jeffrey,  (Editors),  1000;  Burkill, 
H.M.,  1985;  Chow,  L.P.,  Chou,  M.H.,  Ho,  C.Y., 
Caiuang,  C.C.,  Pan,  P.M.,  Wu,  S.H.  &  L4n,  J.T., 
1999;  Gildomachcr,  B.H.  Jansrn,  O.J.  &  f"ha- 
yamaxit,  K.,  1993;  Robinson,  li.W.  &  Decker- 
Walters,  D.S.,  1997. 

Other  references  Adebisi.  A. A,  &  Liidipo, 
DO.  2000ti:  Choudhury.  B.,  lOn?:  Desphande. 
A..A.,  Bankapur,  V.M.  &  Ventkatasubbaiah, 
K.A.,  1980;  Dupriez,  H.  ft  De  Leener,  P.,  1989; 
Hrubben,  O.,  lOfiT;  Rugayah  &  de  Wilde, 
W.J.J.O.,  1999;  Soladoye,  M.O.,  1985. 

Sources  of  illastration  Gildemacher,  B.H., 
Jansen,  (^.J.  &  Chayamarit  K  .  1993, 

Authors  M.O.  Soladoye  &  A.A.  Adebisi 
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Tbiplochitonzambesiacus  Miine-Redh. 

Protologue  BuU.  Misc.  Inform.  Kew:  271 

(193") 

Family  Sterculiaceae  (AI'G:  Malvaceae) 
Vemaeular   names   Wine-cup,  Zambesi 

wine-cup  tree  (Km 
Origin  and  geographic  distribution  Ttiplo- 

chiton  sambeaiaeua  ie  endemic  to  the  Zambesi 

valley  and  the  lower  reaches  of  i<  s  I  l  ibul  aries. 

Uses  ( 'ooki  ii  leaves  are  eaten  in  Zambia  and 
Zimbabwe.  The  wood  is  hard  and  has  been 
used  for  yokes  for  oxen.  The  fine  shade  caused 

by  thi'  dense  folia^-e  ami  the  handsome  flowers 
make  it  a  desirable  ornamental. 

Propextiea  No  data  on  diemical  oompoaition 
of  Triplochiton  zambeaiacua  are  available,  but 
data  on  the  oompot<ition  of  ica\'es  ef  the  related 
Triplochiton  scleioxyloii  K.Schum.  are  available 
from  Cdte  d'lvoire.  FVesh  leaves  had  a  moisture 
rnntent  of  74.7%,  and  they  contained  per  100  g 
dry  matter:  energ>'  668  kJ  (160  kcal).  protein 
29.2  g,  fat  2.2  g,  stardi  3.0  g,  sugar  2.3  g,  fibre 
51.0  g,  Ca  ni  l  mg,  Mg  5.51  mg,  Fe  9.2  mg,  f- 
canitene  16.5  mg,  riboflavm  0.78  my  and  ascor- 
bic acid  165  mg  (iler/og,  F.,  Farah,  Z.  &  Amado, 
R.,  1993).  The  mucilage  content  of  the  leaves  per 
lOfl  g  was  4.2  g  as  compared  to  9  1  <:  in  the  fruits 
o(  Abelinoacluia  eacuteiiUia  (L.)  Muench. 

Botany  Mediumnrized  tree  up  to  18  m  tall, 
with  a  straight  trunk,  frequently  multi- 
stemmed;  liark  smooth,  flaking,  pale  prey: 
crown  rounded  with  dense  foliage;  branchlets 
sl«ider,  glabrous.  Leaves  alternate,  simple; 
stipules  c.  7  mm  long,  caducous:  petioli"  "-7  cm 
long;  blade  palmately  u-B-lobed,  up  to  12  cm  x 
14  cm,  base  cordate,  apex  of  the  lobes  shortly 
acuminate.  Inflorescence  a  1-4-flowered,  axil- 
lar\'  or  terminal  cyme.  Flowers  bisexual,  regu- 
lar, 5-merous;  calyx  bell-shaped,  c.  2  cm  long; 
petals  c.  3.6  cm  x  2.6  cm,  white  or  yellow,  deep 
red  to%vards  the  base-  androg\Tiophon'  9  mm 
long,  c.  3  mm  in  diameter;  style  2  mm  long. 
Fruit  consisting  of  5  tomentose,  1 -seeded  car- 
pels with  a  pubescent  wing  of  7  cm  x  3  cm. 
TriphHiiitoii  compris<'S  only  2  specn's  Trip- 
lochiton  scLeiuxylon  is  an  important  limber  tree 
with  a  West  and  Central  African  distribution; 

the  leaves  of  thi>  specie-;  aiv  c-iten  as  well 
Flowering  of  Triplochiton  :ainbesiaciia  takes 
place  in  the  rainy  season,  from  December  till 
April  and  flowers  are  open  in  the  morning 
only.  Fruits  are  persistent  and  may  remain  on 
the  tree  into  the  ne.xt  flowering  season.  The 
seeds  are  dispersed  by  wind. 
Ecology  TriploekiUm  zambeaiaeua  occurs 


along  river  banks  and  on  alluvial  lloodplains.  It 
is  oflien  associated  with  termitaria. 

Management  Propagation  can  l>e  ilone  by 
seed.  When  -^cccl  availability  is  a  pnil>|(  in  auil- 
tipUcation  by  stem  cuttings,  as  is  practised  tor 
THploekiton  aeteroxylon,  would  be  feasible. 

Genetic  resources  and  breeding  The  lim- 
ited distribution  and  the  specific  habitat  of 
Triplochiton  zambtsiaeua  make  it  vulnerable, 
although  there  are  no  indications  of  immediate 
threats  of  extinction  or  genetic  erosion. 

Prospects  Research  on  nutritive  value  and 
phytochemistty  is  desirable  to  evaluate  the  use 
of  Triplocliiton  ^ainbcsiacits  as  a  vegetable.  The 
possibility  to  extend  the  use  of  TripbtehibM 
mmhedaeua  as  an  ornamental  to  otber  tropical 
and  subtropical  areas  is  obvious.  If  transfer  of 
genes  to  Triplochiluii  sclemxylon  proves  to  be 
possible,  there  might  be  mteresting  opportuni- 
ties for  breeding  of  this  timber  tree. 

Major  references  ''o.ites  Palgrave,  K., 
1983;  iVIilne-Redhead,  E.,  1936;  Pardy,  A.A, 
1956;  Wild,  H.,  1961b. 

Other  references  Herzog.  F  .  Farah,  Z.  & 
Amado.  R.,  1993:  lUixley,  A,  (Editor).  1992c; 
Xketiah,  T.,  Newton,  A.C.  &  Leakey,  R.B.B., 
1998. 

Authors  C.H.  Bosch 
Tbiumfbtta  annua  L. 

Protologue  Mant.  pi.  1:  73  (1767). 

Family  Tiliaoeae  <APG:  Malvaceae) 

Chromosome  number  2n  =  20 

Vernacular  names  Burweed  (En).  lierbe  a 
[)anier  (Fr).  Kibosa  (Po). 

Origiu  and  geographic  distribution  TVium- 
frffn  nmtiin  occurs  from  Nigeria  east  to  Ethio- 
pia and  Eritrea,  and  south  to  South  Africa,  also 
in  Madagascar,  as  well  as  southern  and  east- 

<  rn  .Asia.  It  is  locally  cultivated. 

Uses  in  East  and  soutiiem  AMca,  e.g. 
Uganda  and  Malawi,  Tmtmfetta  anmia  is 

eat^  as  a  leaf\'  vegetable  iDokcil  ;i<  u  nuni- 
laginous  spinach-like  relish.  It  is  mainly  col- 
lected from  the  wild  and  rarely  cullivated.  In 
Nigeria  and  Cameroon  the  bark  of  the  young 
green  stem,  called  slimy  .stick',  is  used  to  ex- 
tract a  mucilaginous  exudate  for  the  [)re})ara- 
tion  of  a  slimy  soup  called  'nkwi',  highly  appre- 
ciated enpecially  by  the  Bamalike  trftie  of  Cam- 
eroon. The  slimy  substance  is  mainly  used  as 
baby  food  and  for  young  children  not  yet  able  t  o 
eat  coarse  starchy  foods.  Because  of  its  hig^ 
energy  value,  'nkwi'  soup  is  oftan  the  first  dish 
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Triumfetta  cuuuta  -  wild 

given  to  women  who  have  delivered  a  child.  It 

is  nlso  usod  ns  nn  nppetizor.  Tho  fibrous  bark  is 
used  as  string,  as  is  the  case  for  other  Tiium- 
fetta  species. 

Production  and  intematioiud  teade  The 
demand  for  the  leaves  and  young  stems  at 
marlvets  is  limited.  Must  people  whu  prepare 
'nkwi'  soup  grow  some  plants  at  home  and 

trndo  in  Ibo  i>r('{);ircrl  souji  is  much  more  liirra- 
live  than  trade  in  the  yuung  stems.  No  data  are 
available  on  production  or  yield,  and  interna- 
tional trade  is  either  non-existent  or  veiy  lim- 
ited. 

Properties  The  nutritional  composition  of 
burweed  (Triumfetta  sp.)  leaves  per  100  g  edi- 
bl<'  iinrtioii  is:  water  78,  1  t;.  energy  28."  k-I  (68 
kcal),  protem  4.2  g,  fat  U.4  g,  carbohydrate  15,2 
g,  fibre  3.4  g,  Ca  392  mg,  P  76  mg,  Fe  29.2  mg 
{I.<unB  W.-T.W,,  Busson,  F.  &  Jardin,  C, 
I1M)8).  Thoro  are  no  records  on  the  composition 
of  the  exudate. 

Adulterations  and  snbstitates  Not  only 
Triumfpltn  ainiiia  is  used  for  the  propnrntion  of 
"nkwr  soup,  but  also  related  species  such  as 
Tnumfeita  eordifoUa  Guill.,  Perr.  &  A.Ridi., 
Triumfetta  pentandra  Guill..  Perr,  &  A  Iiidi. 
and  Trillin  fetid  vhoitiboidea  Jacq..  but  the  lat- 
ter species  are  more  important  for  their  fibre. 
The  leaves  of  these  species  are  also  used  as  a 
rooked  vegetable  comparable  to  TriumfoUa 
annua. 

Description  Annual  or  short-lived  peren- 
nial, erect  heib  up  to  l(-2)  m  tall;  stem 
2.5(-l)  mm  in  diameter  yellowish,  initially 
with  1-2  longitudinal  lines  of  crispy  hairs, 
later  glos^,  occasionally  prickly  at  base. 
Leaves  alternate,  simple;  stipules  linear,  up  to 


4.5  mm  long:  petiole  (l-)2-3.5(- l.ii)  cm  long; 
blade  ovate  to  elliptical,  rarely  slightly  3-lobed, 
(1.5-).3-9.5{-ll,5)  cm  X  (l-)2-6  cm,  base 
slightly  cordate  to  obtuse  a)>ex  acute  to  acumi- 
nate, margin  serrate-crenate,  glabrous  to 
Bcabrid.  Inflorescence  a  cyme,  3—7  together  in 
uppermust  leaf  axils,  ofl;^  opposite  the  Ir  nf 
each  cyme  3-flowered.  Flowers  bisexual,  regu- 
lar, 5-merous,  yellow  to  orange:  pedicel  c.  1.5 
mm  long;  sepals  oblanceolate.  up  to  mm 
X  1  mm  Willi  .ijiicnl  s[iinc  ]>rtals  broadly 
spatulate,  c.  .3  mm  x  2  mm,  clawed;  stamens  1- 
8;  ovary  superior,  spherical.  Fruit  a  spherical 
to  ellipsoid  capsule  1-2  cm  in  diameter  includ- 
ing hooked  spines  up  to  7  mm  long,  brown  or 
black,  glabrous  or  inconspicuously  hairy,  de- 
hiscent with  4  valves,  few-seeded.  Seeds  reni- 
form.  c  2  mm  lent,'  brow  n  or  black. 

Other  botanical  information  Triuinfelta 
is  a  pantropical  genus  of  about  100  species. 

Trillin frtta  ainiiia  is  often  confused  with  Tri- 
umfella  penlatidra  and  Triumfetta  rhomboidea, 
but  is  diaracterized  by  its  glabrous  or  incon- 
spicuously hairv'  fruits,  leaves  with  simple 
hairs  and  lacking  glands  and  stems  having  1— 
2  lines  of  hairs.  In  Trimnfvtta  annua  2  forms 


Triumfetta  annua  -  1,  flouering  and  fruiting 

bnmeh;  2,  leaf;  3,  fruit. 

Redrawn  and  adapted  by  lekak  Syammdin 
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arc  rrrngnizrd:  forma  annua  and  formn  pilig- 
era  Spra^'up  &  Hutch.,  the  first  having  gla- 
brous fruits  the  second  inotmspicuously  haiiy 

firuitSWitI;  I'li'L'  -miiilc  h;iirs. 

Growth  and  development  As  soon  as  the 
rains  startj  new  shoots  develop  and  these  grow 
veiy  fast.  Such  shoots  can  be  very  brittle  and 
are  easily  damaged.  New  shoots  continue  to 
develop,  allowing  farmers  to  harvest  through- 
out the  rainy  season. 

Ecology  Triumfefta  nninin  ornirs  in  bush- 
land,  woodland,  forest  edges  and  as  a  weed  in 
fields,  usually  in  more  or  less  shaded  locations, 
up  In  2inn  m  iiltitude. 

Propagation  and  planting  When  Trutm- 
foUa  annua  or  other  Trmmfetta  species  are 
cultivated  for  the  young  stems,  cuttings  ui"  15- 
20  cm  long  are  taken  from  the  top  end  of  the 
harvested  stems.  Smce  the  crop  does  not  per- 
form well  under  direct  sunlight,  the  cuttings 

fire  usimlly  plnnted  in  the  sh;id<'  nf  ri  tree.  They 
are  planted  in  a  circle  with  a  spacing  of  10-15 
cm.  If  the  cutting  is  not  planted  straight  up- 
ward, adventitious  roots  may  develo]).  causing 
a  reduced  capacity  to  produce  slime.  Therefore, 
some  farmers  tie  the  cuttmgs  to  a  taller  plant, 
e.g.  plantain,  to  ensure  that  they  grow  upright. 

Management  The  management  of  Triiiin- 
fella  plants  cultivated  for  shmy  sticks'  is  re- 
stricted to  weeding,  provision  of  support  and 
some  irrigation  during  periods  of  drought. 

Harvesting  Young  burword  leaves  are 
picked  when  required.  Stems  are  cut  just  above 
ground  level  when  thejr  are  76—100  cm  long. 
They  are  prejiared  by  removing  all  leaves  and 
the  terminal  part  where  the  stem  has  a  diame- 
ter of  less  than  1  cm.  The  resulting  sticks  are 
either  taken  to  the  homestead  or  tied  into  bun- 
dles and  hj-oiight  to  the  m.irkr-t. 

Handling  after  harvest  Burweed  leaves 
have  to  be  cooked  well  to  soften  them  and  to 
develop  their  sliminess.  Potadl  is  sometimes 
added  to  facilitate  this.  To  prepare  nkwi'  soup 
the  bark  is  separated  from  the  stem  by  placing 
it  over  a  fire  for  a  short  whde  untd  it  loosens; 
the  peeled  bark  is  then  placed  in  hot  water  for 
about  lo  minutes  and  squeezed  by  hand  to 
extract  the  sap.  The  sap  and  the  water  form  a 

mucilaginous  substance  fo  which  salt,  pepper, 
various  spices  and  a  range  of  other  ingredients 
are  added.  Care  must  be  taken  not  to  include 
vegi  t  able  oil,  since  this  will  spoil  the  product  . 

Genetic  resources  It  is  unlikely  that  ge- 
netic erosion  of  Tnunifella  annua  is  occurring 
as  it  has  a  veiy  wide  distribution.  No  germ- 
plasm  collections  are  currently  held  at  gene- 


banks  or  research  mstitutes. 

Prospects  The  cidtivation  of  Triumfetia 
eamua  as  a  vegetable  is  restricted  to  a  few  ar- 
eas only.  For  these  ai-eas.  research  is  needed  on 
chemical  composition  of  the  bark  exudate,  ge- 
netic variation,  cultivars  and  cultural  prac- 
tices. 

Major  references  Berhaut,  J.,  1967;  Ja- 
cobs, T.V.,  1997a;  Leung,  W.-T.W.,  Busson,  P. 
&  Jardin,  C,  10G8;  Mbinglo,  S.  &  Ntangti 
19n«;  Srhippers,  R.R.,  20n2a:  Stevels,  J.MC 
1990;  Whitehouse,  C,  Cheek,  M.,  Andrews,  S. 
&  Verdoourt,  B.,  2001;  Williamson,  J.,  1965. 

Other  references  Jacobs,  T A'..  1997b;  Ja- 
cobs, T.V.,  1998;  Jacobs,  T.V.,  1999. 

Sources  of  illustration  Lakshminarasim- 
ban,  v.  &  Sharma,  B,D„  1991:  Whitehouse,  C. 
rht  t'k  M  .\ndrewa,  S.  &  Verdcourt,  B.,  2001; 
Wild,  II.,  1984. 

Authors  R.R.  Schii^rs 

TULBAGHU  ALLIACEA  L.f. 

Protologue  Suppl.  pi.:  193  (1782). 
Family  Alliaceae 

Chroinoa<nne  umnber  2n  =  12,  24,  36 
Vernacular  names  Wild  garlic,  woodland 

garlic  (En). 

Origin  and  geographic  dtstributlou  TVti- 

bajiliia  alliarca  occurs  in  Malawi,  Botswana, 
Zimbabwe  and  \f07a1nbique;  also  in  South  Af- 
rica, Swaziland  and  Lesotho. 

Uses  In  fflmbabwe  and  South  Africa  the 
leaves  of  TiiUnttihia  aUiacea  are  cooked  as  a 
relish,  alone  or  with  leaves  of  other  plants, 
such  as  Admia  species.  The  rhizome  is  scraped 
clean  and  boiled  with  meat  in  stews  or  roasted 
ns  a  vojxctnlile  Young  leaves  are  chopped  and 
used  to  flavour  soups,  stews,  pickles  and  ome- 
lettes as  a  substitute  for  shallot. 
Tn  South  Africa  the  bruised  rhizome  is  used  in 
baths  for  the  relief  of  fever,  rheumatism  or 
paralysis.  Small  doses  are  used  as  a  laxative. 

Properties  Tulbaghia  alliacea  contains 
alliaceous  compounds;  the  whole  plant  smells 
strongly  of  onions. 

Botany  Perennial  herb  with  a  swollen  riii- 
7ome  up  to  in  cm  long  roots  thick,  fle.shy. 
Leaves  6-8  in  a  rosette,  with  verj*  short  sheath 
at  base,  linear,  16-20(-26)  cm  x  3-6  mm, 
fleshy,  glaucous,  InfLorescence  a  (3-)6-10(-13)- 
flow^ered  mnbel  on  n  scape  15-30  cm  long: 
bracts  1-2  cm  long.  Flowers  bisexual,  regular; 
pedicel  up  to  2  cm  long;  periantin  tube  cylindri- 
cal-campanulate,  6  mm  x  2—4  mm,  glaucous 
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green,  lobes  in  2  whorls  of  3,  lorato-lanceolate, 
2-4  mm  x  1.5-2  mm,  olive  green  with  white 
margins:  coiona  annular,  ciq>-shaped,  2^  mm 
long,  fleshy.  Ltbsc-un-ly  ^-  or  n-cieriMf o  greenish 
brown  fading  to  orange-brown;  stamens  in  2 
whorls  of  3,  inserted  on  the  oonma,  without 
filaments:  ovary  superior,  ovoid.  3-celled,  style 
short,  stigma  capitate.  Fruit  an  obcordate  cap- 
sule up  to  8  mm  long.  Seeds  triangular,  flat, 

bhuk 

Tiilhiii^liid  cfimpi-isi'.s  22  .sporios  and  i.i  confinod 
to  southern  Africa,  north  to  Tanzania  and  An- 
gola. In  Malawi  the  flowers  and  leaves  of  Tul- 
haghia  caiiu'voitii  BakiT  arc  <ookf"(l  and  i-aten 
as  a  side-dish,  mixed  with  other  mgredients.  In 
Zimbabwe  JhtUtaghia  Imeantha  Baker,  known 
as  vlei  garlic*,  is  use  d  as  a  vegetable  relish  in 
the  same  way  as  Tiillniiiliia  aUiacea 

Ecology  J'lilbaghia  alliacea  grows  in  a  vari- 
ety of  habitats  from  lowland  swamps  to  moist 
sandy  meadows  and  barren  uround,  up  to  2000 
m  altitvide.  It  is  often  a  garden  weed. 

Management  Although  TuXlK^hia  aJUaeea 
is  not  cultivated  for  use  as  a  vegetable  or  or- 
namental, it  is  nr  r  M^mnaily  grown  as  a  pot- 
plant  by  plant  amuleurs.  The  plants  have  a 
dormancy  period  during  winter,  when  th^ 

must  be  kej)!  n'lati\-ely  dry.  The  rhi7f)mes  are 
planted  in  a  loam-based  compost  (free  draining 
but  moisture  retentive). 

Propagation  can  be  done  by  dividing  the  rhi- 
zome nf^er  the  ilurmanry  period  before  active 
growth  has  started.  Multiplication  by  seeds  is 
possible,  but  TuJba^ia  species  are  reported  to 
hybridize  readily,  so  care  must  be  taken  tu 
avoid  cross-pollination.  Seeds  sown  at  tempera- 
tures of  18-21°C  normally  germinate  within  14 
dajrs.  The  following  year  dumps  of  young 
plants  nro  potted  off  and  flowerinp  ran  bp  ex- 
pected within  a  year  or  two  from  the  date  of 
sowing. 

Genetic  resources  and  breeding  Tul- 
baghia  alliacea  does  not  seem  to  be  endangered 
by  genetic  erosion  because  it  is  quite  common 
and  its  use  seems  restricted  .\n  extensive  col- 
led ion  of  livini;  TiiHxtiiliia  plants  is  main- 
tained at  Marwood  Hill  Gardens,  North  Devon, 
United  Kingdom. 

Prospects  The  importance  of  Tulhaghia 
alliacea  and  other  Titlbaghia  species  as  a  rel- 
ish seems  restricted  to  local  use  and  there  are 
no  ragns  it  has  special  qualities  that  <mion  and 
garlic  would  lack.  Prospects  as  n  vegetable 
specialty  therefore  seem  to  be  restricted. 

Major  xefiHreneea  Benham,  S.,  1993; 
Tted^ld,  M.H.,   1986;  van  Wyk,  B.E.  & 


Gorickc.  N..  2000;  Watt,  J.M.  &  Breyer- 
Brandwijk,  M.G.,  1962. 

Other  references  Burbidge,  K.B,.  1978; 
Vosa  <  .G.,  1975;  Voaa,  C.G.,  1983;  WiUiamaon, 
J.,  1955. 

Authors  W.J.  van  d^  Burg 

Urera  cordifolia  Engl. 

Protologue  P,ot  Jahrb.  33:  121  (1902). 
Family  L  rticaceae 

Origin  and  gec^raphic  distribution  Urera 

cordifolia  occurs  in  Nigeria,  Cameroon,  Central 
African  RepubUc  and  Gabon.  It  is  part  of  a 
complex  of  closely  related  spedes,  including 
Urera  flamigiiiana  Lambinon.  Urera  gmveii- 
rctilfn'i  Engl,  and  Urera  iiiaitiiii  (Wedd  )  Henth. 
&,  liook.f.  ex  Rendle,  having  different  distribu- 
tion areas  in  West  and  Central  Africa. 

Uses  The  leaves  of  Urera  mrdifaHa  and  re- 
lated spedes  are  eaten  in  soups  and  as  a  mud- 
laginouB  cooked  vegetable.  The  bark  fibre  is 
strong  and  used  for  ropes  and  fishing  lines. 
There  are  numerous  local  medicinal  uses  re- 
ported of  leaf  sap,  leaf  decoctions  and  dried, 
powdered  leaves,  e.g.  to  treat  dysentery,  neu- 
ralgia, deafness  and  olhcr  (>;ir  affections,  diar- 
ihoea  with  bluod,  chest  pam,  male  impotency 
and  furundes,  as  an  aphrodisiac  and  laxative, 
and  as  a  component  of  arrow  poison.  The  whole 
plant  is  used  as  a  diuretic.  The  sap  of  cnisbed 
inflorescences  is  taken  as  a  poison  antidote. 
The  small  red  fruits  are  used  as  a  bait  in  bird 
traps, 

Properties  Aqueous  leaf  e.\tracts  of  the 
Neotropical  Urera  baecifera  (I^.)  Wedd.  have 
demonstrated  anti-inflammatory  and  analj^esic 
activities,  but  nothinji  is  known  about  the  phy- 
tochemistry  of  the  Airican  Urera  species. 

Botany  Dioedous  liana  up  to  10  m  long; 
stem  c.  3  cm  in  diameter,  attached  by  adventi- 
tious roots,  5-lobed  in  cross-section,  older 
branches  with  5  rows  of  pridde-like  protuber- 
ances, young  brandies  with  stilling  hairs, 
these  ;dso  on  leaves  and  inflorescences.  I^oaves 
alternate,  simple;  stipules  connate,  bifid,  early 
caducous;  petiole  up  to  12(-d6)  cm  long;  blade 
ofViicid.ii-  to  (,\-,-itc  up  to  cm  lonp  base 

rounded  to  slightly  cordate,  apex  acuminate, 
margin  crenate  to  dentate,  3-vejned  from  the 
base,  Innoresaenoe  an  axillary,  lax  panicle; 
male  inflorescenoe  iq>  to  IG  cm  long:  female 
inflorescence  up  to  6  cm  long.  Flowers  unisex- 
ual, regular,  small;  male  flowers  with  c  2  mm 
long  pedicel,  reddish;  female  flowers  sessile,  c. 
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1  mm  long.  Fruit  an  achone  up  to  2  mm  long, 
surroundod  by  the  perianth. 
Urera  comprises  about  35  species  and  occurs  in 
tropu'jil  Africa  including  MadaKJiscar.  tropical 
America  and  Hawaii.  The  taxonomy  of  the 
West  African  Urera  species  is  incompletely 
known.  The  fact  that  leaf  morphology  has  usu- 
ally been  the  basis  for  separating  species  seems 
to  be  the  underlying  problem. 

Ecology  Like  other  I  'reni  spec!i<'s,  Urera  cor- 
(lifiiHii  iii-rui-  m  dense,  humiii,  Icwlnnd  forest. 

Genetic  resources  and  breeding  L'tihza- 
tion  by  man  does  not  seem  to  pose  a  serious 
threat  to  L'rera  eordifoUa  and  related  species, 
which  are  threatened  more  by  destruction  of 
lowland  forest. 

Prospects  The  use  of  Urera  cordifoUa  as  a 
vegetable  is  likely  to  remain  restricted.  Despite 
the  numerous  medicinal  local  uses,  there  is  nu 
indication  of  interest  from  phytocfaemists  or 
pharm.ii  f.lopists.  .A  tnxonomic  revision  of  West 
A&ican  Uiem  species  is  long  overdue. 

Major  references  Buriiill,  H.M.,  2000; 
Keay.  R.W.J..  1958c:  Letouzey,  K.,  1968 

Other  references  Busson,  F.,  1965;  Ker- 
haro,  J.  &  Bouquet,  A.,  1U50. 

Anihors  C.H.  Bosch 

Urera  obovata  Benth. 

Protologue  Hnok  Niger  Fl.:  516(1849). 
Family  Lirticaceae 

Vemaeular  names  Scratchbush  (En). 

Origin  and  geograijhic  distribution  Urera 
obovata  occurs  from  Sierra  Leone  to  southern 
Nigeria. 

Uses  The  leaves  of  Urera  obovala  are  eaten 
in  Cote  d'lvoire  as  a  cooked  vcBotable  and  are 
added  to  soups.  A  leaf  decoction  is  used  to  treat 
dysentery  (Nigeria)  and  as  an  aphrodisiac 

(Coti  il  '\  i.ii-o)  The  fruits  are  said  to  be  edible. 

Properties  Fresh  leaves  of  Urera  obovata 
contain  per  100  g  edible  portion:  water  81.2  g, 

energy  222  kJ  (."i3  kcal).  protein  2.8  g.  fat  0.6  g, 
carbohydnite  ll.G  g.  fibre  2.7  g  P  H  mg 
(Leung,  W.-T.W.,  Busson,  F.  &  Jardin,  C, 
1968). 

Aqueous  leaf  extracts  nf  fbe  Xenfrnpical  Urera 
baccifera  (L.)  VVedd.  have  demonstrated  anti- 
inflammatory and  analgesic  activities,  but 
nothing  is  known  about  the  phj^todiemistiy  of 
the  African  f.Vero  species. 

Botany  Dioecious  liana  up  to  30  m  long; 
stem  attached  by  adventitious  roots,  with 
prickle-like  protuberances,  young  branches 


with  stinging  hairs,  these  also  on  leaves  and 
inflorescences.  Leaves  alternate,  simple;  stip- 
ules winnate  early  caducous;  petiole  up  to  10 
cm  long:  blade  obovate.  up  to  cm  long.  I).ise 
rounded  or  obtuse,  apex  abruptly  acuminate, 
margin  crenate  to  dentate,  3-veined  from  the 
base.  Inflorescence  an  axillary,  lax  panicle; 
male  inflorescence  branched,  up  to  20  cm  long; 
female  inflorescence  c.  7.6  cm  long.  Flowers 
unisexual,  regular,  small,  shortly  pedicellate; 
male  flowers  with  1—5  stamens;  fem.-ilc  flowers 
with  tubular  perianth  with  I  short  teeth.  Fruit 
cm  achene  up  to  2.5  mm  long,  surrounded  by 
the  fleshy  perianth, 

Urera  comprises  about  35  species  and  occurs  in 
tropical  Africa  including  Madagascar,  tropical 
America  and  Hawaii.  The  taxonomj'  of  the 
West  African  Urera  species  is  incompletely 
known.  Urera  obovata  is  closely  related  to  Ur- 
era lAlongifoUa  Benth.,  or  possibly  oonspedfic 

with  it.  .\  major  distinction  between  them  is 
that  in  the  former  the  leaf  margin  is  distinctly 
crenate  or  toothed  and  in  the  latter  entire  or 
minutely  serrate.  Both  can  be  distinguished 
from  other  Urera  species  by  the  shape  of  the 
female  perianth,  which  is  tubular  with  4  short 
teeth,  whereas  in  other  species  it  is  3-^4obed 

with  rather  unequal  Inlx  s.  The  heaves  of  Urera 
oblonigifoUa  are  muctiaginuus  and  eaten  in 
Sierra  Leone  mixed  with  cassava  leaves. 

Ecology  Urera  ohot  ata  occurs  in  lowland 
f  .(■-■^t  often  in  humid  localities. 

Genetic  resources  and  breeding  Fhere 
are  no  indications  that  Urera  obowOa  or  Urera 
oblongifoUa  are  threatened  with  genetic  ero- 
sion. 

Prospects  Urera  obovata  will  remain  a  lo- 
cally used  vegetable.  The  medicinal  properties 
deserve  research  .\  taxonomic  revision  of  West 
African  Ureni  species  is  needed. 

Major  references  Burkill,  H.M.,  2000;  Bus- 
son  F  lOfSPi  Leung,  W.-T.W,,  Busson,  F.  & 
Jardin,  C,  1968. 

Other  reisrences  Keay,  R.W.J.,  1958c. 

Authors  C.H.  Bosch 


Urera  TRiNERVis  (Hochst.)  Friis  &  Immel- 
man 

Protologue  Nord.  Joum.  Bot.  7:  126  (1987). 
Family  Urticaoeae 

Synonyms  Elatoslenui  fn'nervis  Hochst. 
(184  1),  Urei-a  camerooneiisis  Wedd.  (1869). 

Qtigiu  and  geographic  distribution  Urera 
trinervis  is  widely  distributed  in  the  lowland 
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forest  regions  of  tropical  Africa,  from  Ghana 
east  to  south-western  Ethiopia,  and  south  to 
South  Africa  (Natal). 

Uses  Uivra  trinen  is  in  occasionally  usi  d  in 
DR  Congo  as  a  cooked  vegetable.  The  bark  fi- 
bre is  used  for  making  ropes  and  is  esteemed  in 
both  I'llx  f^'ongo  and  Nigeria  for  making  fishing 
lines.  In  Cameroon  the  leaves  are  u^ed  to  treat 
scabies.  In  Tanzania  the  Shambaa  people  chew 
the  leaves  and  swallow  Ihe  juice  to  Ireat  bilious 
disorders.  In  Nigeria  the  lenf-snp  is  drunk  to 
treat  uitestinal  disorders.  The  stems  yield  po- 
table water  when  cut;  in  Congo  this  water  is 
drunk  In  trejit  tiichycardia, 

Properties  Aqueous  leaf  extracts  of  the 
tropical  American  Urera  baeeifera  (L.)  Wedd. 
ha\'e  demonsiteated  anti-inflammator>''  and 
analgesic  activities,  but  nothing  is  knnwn 
about  the  phytochemislry  of  the  African  L  rura 
species. 

Botany  Dioecidus  \\:mn  up  to  fU)  m  long; 
stem  up  to  7  cm  in  diameter,  terete,  attached 
by  adventitious  roots;  stinging  hairs  usually 
only  on  inflorescences.  Leaves  alternate,  sim- 
ple; stipules  connate,  bifid  at  apex  early  cadu- 
cous; petiole  up  to  G  cm  lung;  blade  elliptical, 
ovate  or  obovate,  up  to  12  cm  long,  base 

cunente  Inincnte  or  rounder],  ajiex  lon^'- 
acummate,  margm  entire,  3-vemed  Iruni  the 
base.  Inflorescence  an  axillary,  lax  panicle; 
male  infloresoraice  c.  G.5  cm  long;  female  inflo- 
rescence c,  2  cm  long.  Flowers  unisexual  regu- 
lar, small,  c.  1.5  mm  long,  4-merous;  male 
flowers  with  c.  1  mm  long  pedicel;  female  flow* 
ers  sessile,  with  indistinctly  lobed  perianth 
Fruit  an  achene  up  to  2  mm  long,  surrounded 
by  the  fleshy  perianth. 

Urera  (  omprises  about  Hf)  spec  ies  and  occurs  in 
tropical  Africa  including  Madagascar,  tropical 
America  and  Hawaii. 
Efcology  Urera  trinenm  occurs  in  rainforest, 

riverine  forest  and  coastal  forr'st ,  especially  nt 
forest  edges  and  in  clearings,  sometimes  epi- 
phj't  ic.  In  tropical  Africa  it  occurs  up  to  1600  m 
altitude. 

Management  In  I^R  Omgo  Vrcni  fniicrn's 
IS  sometimes  cultivated  for  its  bark  fibre,  but 
no  information  on  cultivation  practices  appears 

to  have  been  ]  iiMishr.] 

Genetic  resources  and  breeding  Uivra 
trinervU  is  widespread  and  not  in  danger  of 
genetic  erosion. 

Prospects  Vrern  triuen  is  is  likely  to  remain 
of  local  importance  only  as  a  vegetable  and 
fibre  crop, 

Miljor  r^renees  Burkill,  H.M.,  2000;  Friis, 


I.,  1986;  Friis,  I.,  Immelman,  K.  &  Wilmot-Dear, 
CM.,  1987:  Kokwaro,  J.O.,  1993. 

Other  references  Badilla,  B.,  Mora.  («., 
Lapa.  A..I,.  Sih  a.  H.  &  Jose  A.  1999;  Kriis.  1., 
1989a;  Hauman,  L.,  19 18;  Letouzey,  R.,  1968. 

Aufhora  C.H.  fiosdi 


Urtica  MASSAICA  Mildbr. 

Protologue   Notizbl.   Bot.   Gait.  Berlin- 
Dahlem  8:  275  (1923). 
Family  Urticaceae 

Vernactilar  names  Maasai  stinging  nettle, 
forest  nettle  (En).  Ortie  maasaie  (Fr).  \Ipupu 

(Sw). 

Origin  and  geographic  distribution  Urtica 
inassaica  occurs  in  eastern  DR  Congo  Rwanda, 
Burundi,  Kenya,  Uganda  and  northern  Tanza- 
nia. 

Uses  The  leaves  of  Urtica  niassaira  are 
wilted,  boiled  and  eaten,  or  used  young  and 
uncooked,  as  is  the  case  with  several  other 

Urtica  species  throughout  th>  w  i  l  l  in  Tanza- 
nia this  vegetable  is  eonsidereil  a  famine  food, 
but  m  Uganda  it  is  locally  more  popular  and 
firequently  eaten. 

The  Maasai  use  the  leaves  lo  cure  slomarh- 
acfae.  In  the  lusii  area  of  Kenya  the  leaves  are 
used  to  treat  malaria,  bi  Tanzania  the  macer- 
ated roots  and  leaves  are  used  for  the  treat- 
ment of  hepatic  diseases.  In  Rwanda  .and  Bu- 
rimdi  Uriica  iiiassaua  is  used  alone  and  m 
mixtures  with  other  plant  spedes  to  treat  nu- 
merous ailments:  l)ruises  injuries  lV.'iclure< 
venereal  diseases,  rheumatism  and  urethral 
leak.  In  Uganda  the  leaves  are  used  as  a  repel- 
lent against  rats  and  for  protection  of  crops 
from  grazing  cattle. 

Properties  No  extracts  of  Urtica  maasaica 
that  have  been  tested  have  shown  any  in-vitro 
activity  against  PInsiundiiini  falcipannu .  A 
crude  extract  of  Urtica  massaica  has  been 
tested  against  soil  pathogens  {Fusarium  ox- 
y^torum,  Alternaiiu  /lati.'iifliirae  and  Aspergil- 
lus niger)  but  did  not  show  biological  activity 
against  any  of  these  pathogens.  The  sting  of 
Urtica  nutseaiea  is  painful  but  wears  off  after  a 
few  minutes.  Ac-etyliholine  hi.stamine  and  n- 
hydroxytrj'ptamme  have  been  implicated  in 
itching  from  the  stinging  hairs  of  other  Urtica 

Speries 

Botany  Dinerious,  erect,  perennial  herb  up 
to  2  m  tall,  little  branched;  rhizome  creeping; 
all  parts  with  1.5-2  mm  long  stinging  hairs. 
Leaves  opposite,  simple;  stipules  fliaed,  inter- 
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potiolar.  1-2  cm  long;  petiole  up  to  -1.5  cm  long; 
blade  ovate.  7-13  cm  x  6-10.5  cm,  base  cor- 
date, apex  acute  to  shortly  acuminate,  margin 
usuallj'  doul)lt"-serraf e.  Inflorescence  an  axil- 
lary, lax,  cymose  panicle  up  to  1.5  cm  long,  1  at 
each  node.  Flowers  unisexual,  regular,  4- 
merous.  c.  1  mm  long,  with  free  tepals  in  2  un- 
equal pairs;  male  flowers  with  4  stamens  and 
rudimentary''  ovary;  female  flowers  sessile,  with 
superior  ovoid.  1-celled  ovaiy.  Fruit  an  ovoid, 

flattenrd  nclKMir  r  1  mm  long. 
VrUca  comprises  about  80  species  and  is  al- 
most cosmopolitan,  with  most  species  in  tem- 
perate regions  of  the  northern  hemisphere  and 
about  5  in  AMca,  2  of  which  are  introduced 
weeds.  Urtiea  aimensia  Hodist.  ez  ARich.,  an 
Ethiopian  endemic,  is  also  used  as  a  vegetable: 
it  can  lie  dist  inijinshcil  liy  sm;dk>r  stij)ules  and 
simply  serrate  leal  margins,  and  it  is  less  ro- 
bust. Urtiea  dioiea  L.  has  been  reported  from 
tropirnl  .Afrirn  (OR  '  'nnpo,  E!thic^ia),  probably 

as  an  introduced  weed  in  gardens,  but  its  pres- 
ence is  not  confirmed  by  herbarium  specimens. 
In  South  Africa  and  many  other  regions  of  the 
world  its  leaves  are  used  as  a  vegetable  It  is 
widely  used  medicmally  in  treating  asthma, 
allergies,  coughs,  rheumatism,  sjrmptoms  of 

benign  pi'oslalir  byi/.  rjilasia  and  pnrrdyzed 
limbs,  and  has  been  recommended  as  a  diuretic 
and  antispasmodic  and  to  stimulate  hair 

growth. 

Ecology  Urtirn  mnssaira  occurs  in  clearings 
and  natural  open  glades  in  rainforest  and 
moist  evergreen  bu^and,  often  near  human 
dwellings.  It  is  ffvund  mainly  af  alfitudt's  of 
1500—3250  m  and  is  often  associated  with  buf- 
foloes.  In  grazing  areas  it  is  considered  an  im- 
portant weed.  In  Uganda  it  is  an  import ani 
component  of  the  vegetation  of  abandom  d 
fields  and  in  forest  clearmgs  where  grazmg 
takes  place. 

Management  To  stiniidntr  fjrnwfh  of  tender 
sprouts  the  old  stems  are  cut  bade.  Harvesting 
should  be  done  with  hands  protected  because  of 
the  st inging haizB. 

Genetic  resources  and  breeding  I'liira 
luassuica  is  common  in  its  urea  of  distribution 
and  not  threatened  with  genetic  erosion.  A 
single  germplasm  ac  cession  is  held  by  the  Na- 
tional Genebank  of  Kenj'a. 

Prospects  As  a  vegetable  Urtiea  maaaaica 
will  remain  important  nnl\  locally.  The  wide- 
spread interest  in  other  I  'riira  species  because 
of  their  medicinal  properties,  combined  with 
the  many  uses  of  Urtiea  maaaaiea  in  tradi- 
tional medicine,  may  eventually  attract  atten- 


tion from  phytochemical  research. 

Major  references  Priis,  1.,  1980b;  Katende, 
A.B.,  Ssegawa,  P.  &  Bunie.  A..  1999;  Maundu, 
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URTICA  8TMENSIS  Hochst.  ex  ARich. 

Protologue  Tent.  fl.  abyss.  2:  260  (1860). 
Family  Urticaceae 

Origin  and  geogn^iliic  diatribntton  Urtiea 

aiiiifiiiiiii  is  endemic  to  Ethiopia. 

Uses  The  leaves  and  young  shoots  are  edible, 
eaten  mainty  in  times  of  famine. 

Properties  The  boiled  leaves  give  a  burning 
sensation  in  the  mouth  if  not  crushed  before 
boiling.  Acetylcholine,  histamine  and  5- 
hydroxytryptamine  have  been  implicated  in 
itching  from  the  stinging  hairs  of  other  Urtiea 
species. 

Botany  Dioecious,  erect,  perennial  herb  up 

to  1  m  tall,  almost  unbranched;  rhizome  creep- 
ing; petioles  leaf  blades  and  infldT-osrences 
with  c.  2.5  mm  long  stinging  hairs.  Leaves  op- 
posite, simple;  stipules  fbsed,  interpetiolar, 

0.5—1  cm  long;  petiole  c,  4  cm  long;  blade  ovate. 
5-12  cm  X  3-8  cm,  base  rounded  to  slightly 
cordate,  apex  broadly  acute  or  acuminate, 
margin  simply  serrate.  Inflon^scenc-e  an  axil- 
l;iiy,  lax,  rymose  panicle  up  to  .'  cm  long  I  at 
each  node.  Flowers  unisexual,  regular,  4- 
merous,  &  1.6  mm  long,  with  free  tepals  in  2 
unequal  pairs;  male  flnwers  with  I  inflexod 
stamens  and  rudimentary  ovar}';  female  flow- 
ers with  superior,  ovoid,  1-celled  ovaiy.  Fruit 
an  adiene  c.  2  mm  long 

Urtiea  comprises  about  80  species  antl  is  al- 
most cosmopolitan,  with  most  species  in  tem- 
perate regions  of  the  northern  hemisphere  and 
about  5  in  .\frica  2  of  which  are  introduced 
weeds.  Urtiea  massaica  Mildbr.  is  also  used  as 
a  vegetable  in  East  Africa;  it  can  be  distin- 
guished by  larger  stqniles  and  usually  double- 
serrate  leaf  margins,  and  it  is  more  robust. 
Urtiea  dioiea  L.  has  been  reported  from  tropi- 
cal Africa  (DR  Congo,  Elthiopia).  probably  as  an 
introduced  weed  in  gardens,  but  its  presence  is 
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not  confirmed  by  herbarium  specimens.  In 
South  Africa  and  many  other  regions  of  the 
world  its  li  jucs  aii-  used  jis  a  vegetable. 

Ecology  I  liica  sinwiixis  is  found  in  grass- 
land and  is  common  in  disturbed  localities, 
often  plentiful  near  houses.  It  is  found  at  1500- 
'^^)00  m  .-dtitude.  It  is  considered  a  weed  in 
fields  and  pastures. 

Management  The  plants  grow  throughout 
the  year  and  can  be  harvested  \vh(>nt>ver  there 
is  a  need.  For  collection  the  hands  should  be 
covered  to  protect  against  the  stinging  hairs. 
The  leaves  are  cut  and  spread  between  two 
hides  on  the  ymund  and  crushed  by  stamping 
or  rubbing.  After  boiling  for  about  3  hours,  the 
leaves  are  enidied  once  more  to  obtain  a 
smooth  iiun-e. 

Genetic  resources  and  breeding  l^rtica 
simensis  is  common  in  its  area  of  distribution 
and  therefore  not  threatened  with  genetic  ero- 

Prospects  As  a  vegetable  Urtica  aimensis 
will  remain  important  only  locally.  The  wide- 
spread interest  in  other  Urtica  q)ecie8  because 
of  thi'ir  nicdu  uiJil  |>roperties  might  eventually 
attract  attention  from  phylochemical  research 
for  Urtiea  simenais. 

Major  references  Friis  T  H)89a;  Lemor^ 
dant,  D.,  1971b;  UN-EUE,  idUUld. 

Other  reference*  Friis,  L,  1989b;  West- 
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VaL£R1AN£LLA  locusta  (L.)  Laterr. 

Protologue  PI.  bordel.,  ed.  2: 93  (1821). 
Fani i  1  y  \ ';i  1 1 ' ri  ;i n  :\ ro n e 
Chromosome  number  2n  =  16 
Synonyms  VcUeriwi^la  oUUtria  (L.)  PoUidi 

Vernacular  names  Cornsalad,  lamb  s  let- 
tuce, European  cornsalad  (En).  Madie, 
doucette  (Fr).  Alface  de  cordeiro,  alfaoe  de 

Origin  and  geographic  distribution  I  alei  i- 
andla  locusta  is  a  native  of  Europe,  temperate 
western  .Asia  and  northern  Afrira.  It  is  widely 
cultivated,  and  has  become  naturalized  in  parts 
of  the  United  States.  It  is  occasionally  cultivated 
in  DR  Congo,  East  Africa  and  Madagascar. 

Uses  The  most  mmmnn  use  of  VnleriaiieJla 
locuala  IS  of  whole  young  plants  m  salads.  Al- 
temativdy  plants  are  cooked  or  blandied.  The 
stems  of  young  inflorescences  are  edible  as  well 


Properties  Leaves  contain  per  100  g:  water 
93. 1  g.  energj'  92  kJ  (22  kcal).  protein  2.0  g,  fat 

0.  1  g,  carbohydrate  3.4  g,  fibre  0.8  g,  Ca  35  mg, 
Mg  13  mg.  P  49  mg.  Fe  1  7  mg  thiamin  0  07  mg, 
riboflavin  0.08  mg,  niacm  0. 1  mg  and  ascorbic 
acid  35  mg  (Rubatzky  &  Yamagudii,  1997). 

Botany  lOn  <  t.  dichotomously  branched  an- 
nual herb  up  to  40  cm  tall.  Leaves  opporat^ 
simple,  up  to  7.5  cm  long;  blade  of  lower  leaves 
broadly  spatulate  to  ovate,  apex  obtuse,  margin 
entire  to  sinuate.  Infloresrenre  n  dense,  head- 
like cyme.  Flowers  bisexual,  small;  calyx  re- 
duced to  minute  teeth;  corolla  with  sUghtly 
unequal  lobes,  white  or  pale  blue:  stamens  3: 
ovary  inferior.  3-celled.  Fruit  an  achene  up  to 
2.6  mm  long. 

Valerianella  comprises  about  50  species.  Vale- 
riani'Ihi  itiicrocarpa  Lois  is  considered  the  only 
native  species  of  sub-Saharan  Africa  and  oc- 
curs in  alpine  vegetation  in  Kenya.  Valeri- 

inirfln  rrlncarpn  Desv.,  Italian  cornsalad, 
wluch  is  closely  related  to  V'alei  iaiiella  locuata, 
has  a  largely  similar  distribution  and  is  occa- 
sionally  cultivated  in  Ehirope  and  the  United 

States. 

Ecology  \  aienanella  locuata  is  a  weed  of 
arable  land  in  its  area  of  origin.  It  prefers  a 
fairlj'  rich,  light  .soil  although  it  tolerates  a 
wide  range  of  soils  and  humidity.  It  is  icoaX.- 
resistant  and  reasonably  .ulapted  to  subtropi* 
cal  elim.-u(  >  and  in  the  tropics  it  can  be  culti- 
vated only  at  higher  altitudes. 

Management  Propagation  is  done  by  direct 
seeding  in  fine  soil  at  a  depth  of  1  cm  in  rows 

1. "  cm  apart-  About  1  g  of  sec-d  is  needed  per 
m^.  For  home  consumption,  sowmg  should  be 
done  successively  to  ensure  a  continuous  sup- 
ply. WTiole  plants  are  harvested  when  they 
have  8-12  leaves.  .Mtematively  ratooning  is 
practised  by  cutting  at  5  cm  above  ground 
level.  Shading,  sofficiMit  moisture  and  nitro- 
gen fortili/er  will  help  to  delay  flowering  f  h  cr- 
grown  plants  will  go  to  seed  and  re-seedmg  will 
take  place. 

Genetic  reaonrces  and  breeding  Many 

cultivars  of  eornsalad  have  been  released  in 
Europe  and  the  United  Stales.  They  fall 
roughly  in  2  groups  of,  on  the  one  hand  hardy, 
rosette-forming  plants  and  on  the  other  hand 
productive,  long-leaved  cultivars  that  are  more 
sensitive. 

Prospects  In  highland  trt^ical  AMca  Vale^ 

rianrlla  locusta  may  continue  to  be  grown  for 
home  consumption  or  for  the  local  market.  It  is 
likely  to  remain  a  vegetable  crop  of  limited 
importance. 
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VERNONU  AMYGDALINA  Delile 

Protologne  Cent.  pi.  Afr.  Voy.  Iwleroe;  41 

(18:^0). 

Family  Asteraoeae  (Compositae) 

Chromosome  number  2;/  =  40 

Synonyms  GyinnaiUhemum  amygdaUimm 
(Delile)  Walp.  (1843). 

Vernacular  names  Bitterleat  common  bit- 
terleaf  (En)  ^\>rnonie,  vernonie  oommime, 
ndule  (Fr).  Suc-uniadeira,  pau  fede  (Po), 

Or^ln  and  geographic  diatribution  Vemo- 

tiin  rjiiiy^Hali'na  orrurs  wild  in  intist  coiinlrics 
of  tropical  Africa,  from  Guinea  east  to  Somalia 
and  south  to  north-eastern  South  Africa,  and  in 
Yem^.  It  is  commonly  grown  as  a  vegetable  in 
Benin.  Nigeria.  Cameroon,  Gabon  and  DR 
Cungu,  and  to  a  lesser  extent  m  Iheir 
neighbouring  countries.  The  Luhya  people  in 

wrsliTn  Kcny;i  use  \  rniniiia  amygdoUna  SB  & 
vegetable,  but  du  nut  cultivate  it. 

Uaeii  Bitterleaf  is  a  highly  appreciated  vege- 
table in  West  and  Central  Africa  and  can  b© 
ronsiimed  in  vnrioiis  dishes  In  N'iperin  where 
the  Voruba  name  lor  this  crop  is  ewuro  and 
the  Igbo  call  it  'onugbu',  leaves  are  boiled  in 
soups.  Leaves  are  sometimes  sold  in  the  mar- 
ket after  bemg  shredded,  parboiled  and  made 
into  fist-sized  balls.  In  Cameroon  the  processed 
leaves  are  codced  with  meat  and/or  prawns 


Vemania  canysdaUna  -  wild  and  planted 


mixed  with  ground  peanuts  to  make  a  famous 
dish  called  ndoje'.  Alternatively,  whole  leaves 
are  cooked  to^'>  ih>  i  with  cassava  or  yam  tu- 
bers wherens  tln'  lfa\'es  are  also  dried  and 
ground  to  powder  lor  use  m  soups.  In  Camer- 
oon the  leaves  are  sometimes  eaten  unproe- 
essed  and  raw  mixed  with  palm  nil  and  salt. 
The  leaves  are  browsed  by  goats.  Dry  stems 
and  branches  provide  fiiel.  Young  twigs  are 
used  as  toothpicks  or  diewing  sticks.  The  plant 
is  sometimes  prown  as  n  hedge.  The  brandies 
are  used  as  stakes  to  line  fields. 
Vemonia  amygdaUna  is  commonly  used  in 
traditional  medicine.  Leaf  denu  tions  are  used 
to  treat  fever,  malaria,  diarrhoea,  dysentery, 
hepatitis  and  cough,  as  a  laxative  and  as  a 
fertilit}'  inducer.  They  are  also  used  as  a  medi- 
cine for  scabies,  headache  and  stomach-ache, 
lloot  e.vtracls  are  also  used  as  treatment 
against  malaria  and  gastrointestinal  disorders. 

In  Niprria  leaves  are  placed  on  n  wound  as  ;) 
substitute  for  iodine.  One  of  the  most  common 
medicinal  uses  of  Vemonia  amygdalina  is  as  a 
treatment  against  intestinal  worms  including 
nematodes.  Not  only  humans  but  also  chim- 
panzees ingest  the  bitter  pith  of  Vernoiiia 
amygdalina  for  the  control  of  intestinal  nema- 
tode  infections.  In  Zimbabwe  a  root  infusion  is 
used  to  treat  sexually  transmitted  diseases. 
Bark  infusions  are  also  taken  to  treat  fever  and 
diarrhoea,  dried  flowers  against  stomach  dis- 
orders. Vcruouln  oitiyQclnlfiia  is  al.so  useful  as  a 
control  agent  against  diseases  m  plants.  The 
ash  from  burnt  branches  is  used  to  control 
seed-borne  fungi  {Curviihivia.  Aspi'ij^tlliia, 
Fuaariuin  and  Penicilliuin  spp.)  thus  amelio- 
rating seed  viability  and  germination  capacity. 
It  has  also  been  used  for  brewing  b<>er  as  a 
substitute  for  hop  Vemonia  amygdaUna  is  a 
well-lcnown  bee  plant. 
Production  and  international  trade  The 

leaves  are  sometimes  collerted  from  the  wild, 
but  most  people  prefer  leaves  from  selected  and 
cultivated  plants  whidi  are  generally  less  bit- 
ter. Bitterleaf  is  usually  grown  for  home  con- 
sumption and  less  often  for  sale  at  the  market, 
but  there  is  an  increasing  tendency  to  sell  the 
processed  product  rather  than  branches  with 

leaves.  In  ('ameroon  processed  leaves  sell  for 
up  to  five  times  the  price  of  the  raw  commod- 
ity. Plncessed  leaves  are  exported  from  West 
Africa  in  dried  or  deep  li  n/<  n  form  and  ofin»d 
in  major  markets  of  African  vegetables  in 
Europe.  No  production  statistics  are  available. 

Properties  The  nutritional  composition  of 
Venwnia  amygdaUna  leaves  per  100  g  edible 
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portion  is:  water  82.6  g,  oncrg>'  218  kJ  (52 
kcal),  protein  5.2  g,  fat  0. 1  g,  carbohydrate  10.0 
g,  fibre  1.5  Ca  145  mg.  P  67  l-  i'  'i  i)  mg, 
ascorbii-  ncid  ."]  mg  (Lt'unt;.  W  -T  \V  I'u^soii 
F.  &  Jardin,  C,  1968).  This  composition  is  in 
line  with  other  dark  green  leaf  vegetables. 
The  bitterness  is  caused  by  sesquiterpene  lac- 
tones (e.g.  vemodalin,  vemolepin  and  vemo- 
mygdin)  and  steroid  glucosides  (vernoniosides). 
Some  of  these  compounds  have  significant  an- 
t  i]>:ir:i-;il ii-  .ictivity,  o.';porialIy  vomodnlin  nnd 
vernonioside  Bl.  Vernolepin  showed  platelet 
anti-aggregating  properties.  Vemodalin  and 
vernomygdin  have  cytotoxic  activity 
Aqueous  extracts  of  V'emonia  amygdaliiia 
leaves  exhibit  cytostatic  action  to  retard  the 
growth  of  human  breast  cancer  cells.  In  tests 
with  rats  a  sesquiterpene  extract  from  the 
leaves  showed  antihepatotoxic  activity.  Ex- 
tracts of  leaves  and  root  baric  showed  antima- 
larial activity  ntiainst  Plasinnrfiinn  hrrf>htn  in 
vivo  in  mice  and  against  Plasmodium  falcipa- 
rum in  vitro.  Extracts  also  showed  potent  anti- 
leishmanial  activity.  Chewing  sticks  made 
from  \Wiiotn'a  aniygchlina  wood  exhibited 
activities  against  bacteria  that  are  significant 
in  periodontal  disease.  Leaves  diowed  activi- 
ties .•ifjninsi  \  ririi  ais  li.-ntifin  :int]  viruses. 

Adulteratious  and  substitutes  leaves  of 
Vemonia  kymenol^i*  A.Ridi.  and  some  other 
Verwmia  species  are  used  for  the  same  pur- 
poses as  Vrriiniiia  amygrlnlivn .  Processed  bit- 
terleal'  is  an  expensive  product  and  for  this 
reason  unscrupulous  dealers  sometimes  add 

0t}i<>r  [il.iiit  m.it  I'l-i.il  to  increase  the  volume. 

Description  Shrub  or  small  tree  up  to  10  m 
tall,  much  branched;  trunk  up  to  40  cm  in  di- 
ameter; bark  grey  to  brown,  snu  Kth  becoming 
fissured:  young  branches  densely  puhoscent. 
Leuves  alternate,  simple;  stipules  absent;  peti- 
ole 0.2-4  cm  long;  blade  ovate-elliptical  to 

lanrrolnfr  l-15(-28)  cm  x  cm. 
cuneate  or  rounded  at  base,  shortly  acuminate 
at  apex,  margin  minutely  toothed  to  coarsely 
serrate,  finely  pubescent  but  often  glabrescent, 
jiinnately  veined.  Inflorescence  a  head,  ar- 
ranged in  terminal,  compound,  umbel-like 
cymes;  stalk  of  head  up  to  1  cm  long,  pubes- 
cent; involucre  cylindrical  to  broadly  ellipsoid. 
3—5  mm  long,  bracts  3-7-senate,  1-4,5  mm 
long,  appressed.  Flowers  bisexual,  regular,  5- 
meroua,  stnmg^  exserted  from  the  invohicra; 
pappus  consisting  of  outer  linear,  caduooua 
scales  up  to  1.5  mm  long  and  of  inner  creamy 
or  brownish  bristles  4-7  mm  long;  corolla  tubu- 
lar, 6-8  mm  long,  whitish,  glandular,  with 


Venumia  amygdalina  -  J,  leaf:  S,  fUnvering 

branch; flon  ering  head;  4,  fniil 
Redrawn  and  adapted  by  iskak  Syamaudiu 

erect  lobes;  stamens  with  anthers  united  into  a 

tube,  with  appendages  at  apex;  ovar>'  inferior, 

1 -  celled,  pubescent  and  glandular,  style  hairy, 

2-  brandied.  Fruit  a  10-ribbed  adiene  1.6-3.5 
mm  loiiK  liubesccnt  and  Kbnidiilar  brown  to 
black,  crowned  by  the  much  longer  pappus 
bristles.  Seedling  with  epigeal  germination. 

Other  botanical  information  Vemonia  is 
the  largest  genus  of  the  tribe  Wvnniu'cap  with 
close  to  1000  species;  it  occurs  mamly  m  South 
America  and  Afirica.  More  than  300  species 
have  boon  described  from  Africa  with  about  one 
third  occurring  in  Madagascar.  Apart  from 
Vemonia  amygdalina  several  species  are  eaten 
as  vegetable,  of  which  Vemonia  hymenolepis  is 
most  important.  \'enio)i)a  culuruta  (WiUd  ) 
W.F. M.Drake  is  closely  related  to  W-rnoiiiu 
amygdalina.  It  differs  in  its  more  or  less  entire 
leaves  and  glabrous  fruits.  Leaves  of  ]'rniniiia 
colorala  are  mainly  coUected  from  the  wild, 
and  its  primarj^  use  is  as  a  medicinal  plant. 
Other  species  occasionally  cultivated  as  a  vege- 
table but  more  often  collected  from  the  wild  are 
Vernonia  cinerea  (L.)  Less,  in  Kenya,  Vernonia 
poskeana  Vatke  &  Hildebrandt  in  Zimbabwe, 
which  are  both  also  more  important  as  medid- 
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nal  plants,  \'ernoiiia  appendiculata  Less,  in 
Madagascar  and  Vernonia  perrottetii  Waip.  in 
Sierra  Leone. 

Growth  and  development  \  ornutiia  ainyg- 
dalina  can  grow  into  a  tree,  but  in  cultivation 
it  is  mostly  pruned  to  a  shrub  or  hedge.  Once 
established  in  a  gardt-n.  leaves  or  young  shoots 
can  be  picked  for  up  to  7  years,  but  for  com- 
mercial production  farmers  prefer  younger 
plants.  Plants  flower  in  the  drj'  season  (Janu- 
nrj'  nnd  i>ai'ly  Pcbriiajy  in  Wrst  and  Cenfral 
Africa).  Regular  hai-vestmg  of  the  shoots  stimu- 
lates new  growth  thus  retarding  flower  initia- 
tion,  Harvesting  of  only  leaves  hainpt  is  re- 
growth.  Towards  the  dry  season  new  lea\es 
become  smaller  and  become  dark  greyish  green 
in  colour:  these  are  very  coarse  and  bitter,  es- 
pecially those  close  to  (he  inflorescence. 

Ecology  \  'ernonia  ainygdalinu  occurs  natu- 
rally along  rivers  and  lakes,  in  forest  mai^ins, 
woodland  and  grassland  up  to  2000  m  altitude. 
It  often  occurs  in  disturbed  localities  such  as 
abandoned  farmland,  and  can  be  found  grow- 
ing spontaneously  in  secondary  forest.  It  re- 
quires full  suidight  in  cultivation.  Flowering  is 
induced  by  short  days.  It  prefers  a  humid  envi- 
ronment although  it  is  fairly  drought  tolerant. 
It  can  he  found  on  all  soil  tjrpes,  but  performs 
best  in  humus-rich  soils. 

Propagatiou  aad  planting  Propagation  is 
possible  by  seed,  hut  most  farmers  use  stem 
cuttings.  Cuttings  used  for  propagation  from 
mature  steins  are  selected  on  the  basis  of  at- 
tributes such  as  degree  of  bitterness,  leaf  size 
and  growth  characteristics.  In  home  gardens 
more  than  one  type  is  often  grown  because 
young  people  prefer  the  sweeter,  less  bitter 
types  and  elderly  people  the  more  bitter  ones. 
Cuttings  may  bo  planted  erect  or  slanting  nt  an 
angle  of  15"  to  obtain  more  sideshoots.  Cuttings 
grow  foster  than  seedlings.  Seed  may  be  col- 
lected from  dry  flower  hr'.nds.  It  is  brojidrast  on 
nursery  beds  prepared  of  humus-nch  soil  and 
shaded  from  excessive  heat  and  sunlight.  Seed 
takes  2-3  weeks  to  germinate.  During  diy  pe- 
riods, it  is  important  to  water  the  nursery-  beds 
frequently.  Some  4— 1>  weeks  after  emergence, 
seedlings  can  be  transplanted.  In  home  gar- 
den?; people  plant  bitterleaf  amongst  other 
crops  or  as  a  hedge  or  live  fence;  in  commercial 
fields  it  is  planted  in  rows. 

Management  Weeding,  mukliing  and  the 
application  of  organic  manure  in  the  nurserj' 
stage  contributes  to  healthy  and  rapid  growth 
of  seedlings  and  cuttings.  A  regular  supply  of 
moisture  is  important  and  irrigation  is  profit- 


able during  the  drj-  season.  Old  branches 
should  be  pruned  back  to  a  low  level  to  stimu- 
late the  production  of  larger,  succulent  and 
abundant  foliage.  This  is  liest  done  before  the 
arrival  of  the  rains.  WTien  adequate  water  is 
available,  it  takes  only  about  3  weeks  for  fresh 
shoots  to  develop  after  pruning.  Young  plants 
are  more  productive  than  older  ones  and  com- 
mercial farmers  prefer  to  plant  a  new  crop  at 
the  beginning  of  everj'  new  season  ■>!  .itw  i  ihe 
second  year.  They  do  not  remove  tln  ir  nlil  crop 
until  they  have  been  able  to  harvest  the  first 
regrowth  at  the  start  of  the  season  because  this 
Cfimmands  a  premium  price. 

Diseases  and  pests  Apart  from  a  leaf  curl 
virus,  there  are  no  major  diseases  that  afifect 
production.  Pests  do  not  cause  major  damage 
either,  although  many  pest  species  have  been 
recorded  on  bitlerleaf  in  northern  Nigeria, 
'niey  include  thrips,  aphids,  ants,  white  fly, 

Fnipna.fa  spp.,  Sphrarornri.s  ainiiihis  Fahri- 
cms  spp.,  Ptyebu  grosaus,  Polyciaeis  spp.  and 
Xanthochelua  mdjieratiis.  As  a  remedy,  people 
traditionally  sprinkle  wood  ash  on  the  leaves  to 
keep  ants  and  aphids  away  The  bitterleaf 
weevil  Lixua  vainerunua  may  damage  stems 
and  branches  by  making  tunnels,  causing 
111:  in  I -lies  to  break. 

Harvesting  During  the  rainy  season,  har- 
vesting takes  placre  by  cutting  the  leafy  shoots, 
allowing  new  side  shoots  lo  de  velop  which  can 
be  harvested  n  few  weeks  later.  Stems  of  vari- 
ous lengths  are  cut  m  the  afternoon  and  these 
are  sorted  and  tied  into  bundles  of  equal 
length.  Depending  on  the  season,  stems 
brought  to  the  maricet  have  a  length  of  30-50 
cm,  often  longer  during  I  he  ])(  ak  period.  Bun- 
dles of  15-20  stems  weighing  1-2  kg  are  often 
made,  but  smaller  ones  are  made  during  peri- 
ods of  scarcity.  The  bundles  are  kept  overnight, 
placed  upright  in  a  basin  of  water  and  some- 
times covered  with  jute  bags  to  avoid  desirca- 
tion.  The  bundles  themselves  are  tied  together 
into  bigger  bimdles  before  they  are  carried  to 
the  market.  During  dr>'  periods  people  pick 
nnlv  the  leaves  ;in<l  leave  (he  shoots  intact. 
Young  pale  green  sprouts  with  large  leaves 
grown  under  irrigation  during  dry  periods  fetch 
high  prices  in  the  market  because  by  this  time 
most  leaves  of  other  plants  are  small  and  very 
bitter.  Some  commercial  farmers  do  not  har- 
vest their  crop  during  peak  production  times 
when  home  gardens  can  supply  all  vegetables 
needed  and  prices  are  low.  By  not  cutting  at 
this  time  there  will  be  a  b^ter  crop  later  in  the 
season,  when  prices  are  6]q>ected  to  be  higher. 
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Yield  Highest  yields  arc  obtained  during  the 
rainy  season,  the  peak  being  in  May-August. 
Production  statistics  are  not  available. 

Handling  after  harvest  Leaves  may  be 
shredded  and  pounded  m  a  mortar.  During 
pounding  foam  develops.  The  foam  and  bitter- 
ness is  removed  by  repeatedly  rinsing  the 
leaves  with  water  between  poundings.  Salt  or 
lime  is  sometimes  added  in  the  mortar  to  speed 
up  the  mncc>ralion.  Tjoaves  may  be  shr(>dded 
nml  bniK'ii  firsl  Kn(^-i<linR  the  bdiU'd  lc-;n"es  is 
sometimes  sufficient,  but  often  a  pestle  and 
mortar  are  used  to  soften  them.  The  pounded 
leaves  are  rinsed  until  the  water  that  drains ofif 
ia  no  longer  green.  When  the  water  is  drained 
off  die  leaves  are  ready  &r  use.  They  may  also 
be  sold  as  such,  or  preserved  by  drj'ing  (which 
some\vh:it  chanj^es  the  taste)  or  deep  freezinyf. 
Alternatively,  the  leaves  are  pressed  mto  fist- 
sized  balls  before  they  are  maiiceted.  A  more 

bitter  prodiut  is  obtained  by  stopping  the  for- 
mation of  foam  during  pounding  by  adding 
palm  oil. 

Genetic  resources  No  germplasm  collec- 
tions of  W'ntonia  amygdaliua  ;iie  known  to 
exist.  The  plant  grows  in  many  .-Urican  coun- 
tries and  under  different  omditions,  so  that 
there  is  probably  ample  diversity  for  pbinl 
breeders  to  select  from.  As  commercial  culli- 
vars  are  not  yet  used,  there  is  no  threat  yet  of 

genet  it  erosion. 

Breeding  No  cultivar  research  or  any  breed- 
ing activities  take  place  at  the  official  research 
centres,  although  fisrmers  make  and  maintain 

their      n     Ifi'l  mns. 

Prospects  Bitterleaf  is  an  important  vege- 
table in  West  and  Central  Africa,  which,  once 
established,  is  easy  to  produce  and  rather  re- 
sistant to  drought,  makin?  it  popnlnr  in  home 
gardens.  The  laborious  and  time-consummg 
task  of  processing  bitterleaf  has  encouraged 

the  romniereinlirnf inn  of  proccssci!  lenves.  This 
processing  is  fast  becoming  a  source  of  income 
in  urban  areas.  Venwnia  amygdaUna  has  mul- 
tiple medical  properties  that  de8er\'e  further 
resf-nrch  Research  on  genetic  variabiUty  and 
agronomj"  is  also  needed. 

Mi^or  references  Beentrje,  H.J.,  2000; 
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Vernonia  hymenolbpis  A.Rich. 

Protologue  Tent.  fl.  Abyss.  1:  378  (1848). 
Family  Astonceae  (Compositae) 
Chromoaome  number  2n  =  20 

Synonyms  Vernonia  vahouna  (Hook.f.) 
Hook.f.  (1868),  \'ernonia  leucocalyx  O.Hoffm. 
(1901),  Baeekaroidea  eatvoana  (Hook.f.) 
M..\.Tsnwumi  (199:1), 

Vernacular  names  Sweet  bitterleaf.  bitter- 
leaf (En),  Vemonie  douce,  vemonie,  ndole  (Fr). 

Origin  and  ge<^raphic  distribution  Verno- 
nia hymenolepis  occurs  locally  wild  in  moun- 
tamous  and  high  plateau  regions  of  West,  Cen- 
tral, East  and  southern  Africa.  Its  cultivation 
is  only  known  from  Xifjerin  and  Tameroon. 

Uses  \'enionia  liymenolepia  is  especially 
appreciated  in  Cameroon,  where  it  is  known  as 
"bayangi  bitterleaf  or  'ndole'.  The  leaves  are 
consumed  fresh  and  in  dry  form  as  a  gnmish, 
potherb  or  salad.  The  plant  is  sometimes 
planted  as  a  hedge  around  homes  and  gardens 
both  for  \'et;i,'t rible  Use  iiiul  {or  tile  i»rn.un<Mit;iI 
value  of  the  large  white  or  purple  flowering 
heads.  The  plants  also  help  to  stabilize  the  soil, 
especially  on  slopes.  Vemotda  hyme$tol^i»  is 
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used  medicinally  as  a  cure  for  pneumonia,  and 
a  hot  leaf  placed  on  a  wound  is  said  to  stop 
bleeding.  Juice  from  crushed  leaves  is  used  to 
treat  diarrhoea  in  babies  and  jaundice  In 
Kenya  a  root  decoction  is  used  as  a  purgative 
and  to  treat  abdominal  pains.  Dry  branches 
and  stems  S4'rv*'  ;is  fuel 

Pxodnetiou  and  international  trade  The 
production  of  this  vegetable  mainly  takes  place 
on  mixed  cropped  farms  and  in  home  gardens. 
In  wosfom  Pnnioroon  there  are  specialized 
forms  with  sweet  bitterleaf  as  the  main  crop, 
and  this  type  of  production  appears  to  be  on 
the  increase.  Durii^  the  dr>'  season  ;in  irri- 
gated sweet  bitterleaf  crop  may  fetch  a  high 
price  at  the  maiketa,  particularly  since  at  this 
tinu-  it  is  not  as  bitter  as  Vernonia  amygduUtia 
Delile.  The  produce  is  sold  both  at  local  mar- 
kets and  m  the  big  cities.  Deep  frozen  and 
dried  leaves  of  Vemonia  kymmolepia,  Vemonia 
amygdalina  and  Vrvnniiia  cnlnrala  (Willd.) 
W.F.M.Drake  are  exported  from  Nigeria  and 
Cameroon  to  the  major  markets  of  African 
vegetables  in  Eui  ope. 

Properties  The  nutritional  composition  of 
Vemonia  hyinenolepia  leaves  is  comparable  to 
that  of  bitterleaf  (Venuinia  amygdaJina).  It  is 

li'ss  bitter  than  other  \'<'iiioiiia  species  The 
sesquiterpene  lactone  vernolepin  was  isolated 
from  Vemonia  hymenol«pi$  collected  in  Ethio- 
pia. This  compound  showed  antitumour  activ- 
ity and  platelet  nnti-;ififjri  [::itine  prnporties. 

Adulterations  and  substitutes  \'ernoiiia 
hymmol^ia  used  in  dishes  may  be  replaced  by 
Vemonia  canygdalina  and  other  Venumia  spe- 
cies. 

Description  Perennial  herb,  shrub  or  small 

tree  up  to  12  m  tall;  young  branches  densely 

tomentose.  Leaves  nlternate    simple  .sessile; 
blade  elliptical  to  lanceolate,  5.5-3  1  cm  x  1-9.5 
cm,  cuneate  to  long-attenuate  and  sometimes 
nurinilate  at  base  nctiniinnte  at  apex  mnrpin 
minute]}'  to  coarsely  toothed,  pubescent  below, 
pinnately  veined.  Inflorescence  a  head,  ar- 
ranged in  tominal.   compound,  umbel-liiM 
cymes-  involucre  ovuid  to  hemispherical.  1 
cm  long,  brads  2-G-seriute,  up  to  3.5  cm  long, 
with  green  or  white  appendages,  recurved  or 
not     Flowers    bisexual,    resjular  5-mei-oiis 
strongl>'  exserted  from  the  involucre;  pappus 
consisting  of  many-seriate  bristles,  up  to  1.5 
cm  long,  pale  brown     in  I!  <  uibular,  1-2  cm 
long,  whitish  to  purple  glandular,  with  short 
erect  lobes;  stamens  with  anthers  united  mto  a 
tube,  with  appendages  at  apex;  ovary  inferior, 
l-oelled,  glabrous  to  pubesooit,  style  hairy,  2- 


\'cnioiiia  hywrnol^ia  -  1,  leaf;  2,  flowering 
branch;  3,  flower. 

Redrawn  and  adapted  by  hkah  Syammdin 

branched.  Fruit  a  ribbed  achene  3-f5.5  mm 
long,  glabrous  to  slightly  pubescent,  dark 
brown,  crowned  by  the  much  longer,  caducous 
pappus  bristles.  Seedlmu  with  epigenl 
nation;  h^-pocotyl  1-3  cm  long,  epicotyl  2-6  mm 
long;  cotyledons  elliptical,  0.6-1.5  cm  long, 

Ijreen 

Other  botanical  information  Vprnonia  is 
the  largest  genus  of  the  tribe  \'emonieae  with 
close  to  1000  qpecies;  it  occurs  mainly  in  South 
.\mericn  and  .\fricn.  Nfnre  than  ^'00  species 
have  been  described  firom  Africa  with  about  one 
third  occurring  in  Madagascar. 
Vemonia  eedvoana  is  coDflidered  here  as  a 
synoiqrm  of  Vemonia  hytnriuilrpis  Hfiwever.  it 
IS  often  considered  as  distinct,  ditienng  in  often 
larger,  less  densely  pubescent  leaves,  usually 
larger  and  recurring  involucrnl  bracts  and 
more  often  glabrous  fruits.  The  species  show 
considerable  overlap  in  these  diaractors. 

Growth  and  development  Emergence  ai 
the  seedling  starts  about  o  days  after  sowing. 
Earl}'  growth  during  the  rainy  season  is  so 
rapid  that  plants  grow  as  tall  as  40-50  cm  in 
just  4  wedcs.  This  rapid  growth  continues  as 


548  VEGETABLES 


long  as  there  is  ample  moisture  in  tho  soil. 
Flower  initiation  begins  with  the  onset  of  the 
dr>'  season  or  during  periods  of  drought.  The 
degree  of  Boil  fertility  greatly  influences  leaf 

size. 

ESeology  Vemonia  hymenolepiB  occurs  along 

rivers  and  roadsides,  in  forest  margins  old 
cultivation  sites  and  bushed  grassland,  but 
also  in  montane  forest.  It  is  often  found  in  dis- 
turbed hnbitats.  Planis  thrivo  a(  temperatures 
of  less  than  .'U1°f'  ,-,t  altitudos  of  ((50n-)14nn- 
3000  m.  The  minimum  ramfall  required  is  8 10 
mm/year.  Generally,  the  plants  grow  well  in 
loose,  moist  soil  rich  in  humus. 

Propagation  and  planting  Seeds  are  col- 
lected from  dry  flower  keads  by  nibbing  them, 
foUowed  by  winnowing.  The  1000-seed  weight 
is  2  1  g  Propagation  usually  takes  place  by 
broadcast mg  or  by  suwmg  m  lines  un  raised 
beds.  Nursery  beds  are  shaded  to  prevent  ex- 
cessivr  rvaporntion  Wion  (ho  soodlings  are  2— 
3  weeks  old  with  M>  loaves,  they  are  pruned 
by  nippuig  the  growing  point  and  then  trans- 
planted with  a  ball  of  soil.  At  this  stage,  bitter 
si^edlings  are  screened  by  tasting  one  of  their 
leaves.  This  selection  process  not  only  secures 
a  better  quality  crop,  but  also  serves  to  reduce 
bitternoss  in  tho  next  generations  Tn  solo 
cropping,  seedlings  are  transplanted  at  a  spac- 
ing of  20  cm  X  30  cm  or  even  closer;  when 
intercropped  in  home  gardens  the  spacing  is 
nbrmf  7.T  rni  x  1^  cm  Some  famnors  sow  di- 
rectly m  lines  spaced  at  30  cm  and  thin  their 
crop  to  a  distance  of  20-25  cm  at  the  3-4-week 
stage.  The  thinned  material  can  be  sold  to 
other  farmers  as  seedlings  or  consumed. 
Propagation  by  cuttings  is  sometimes  practised 
to  multii  l  I  i(<(I  |)lani.s.  Cuttings  with  4 
buds  taken  iVnni  mnturc  jilants  are  iisrd:  thoy 
are  planted  slanting.  Uootmg  of  the  cuttings  is 
not  always  successful  and  plant  growth  is 
much  slower  than  in  soi  dlinps,  so  that  this 
method  is  onl>'  used  in  home  gardens  when  a 
particular  plant  type  is  appreciated. 

Management  Sweet  bitterleaf  is  ver>'  sensi- 
tive to  drought  anil  should  thcrofon'  be  irri- 
gated daily.  Weeding  is  hardly  required  in  a 

dosely  spaced  mcmocrop.  Mulching  is  occasion- 
ally practised.  T'rea  is  applif»d  ns  a  tnpdressing 
to  promote  regrowth  i>f  new  leaves  after  har- 
vest. Ratoon  cro]>]^ing  is  practised  in  south- 
western Cameroon:  shoots  are  harvested  about 
10  cm  above  ground  level,  allowing  new  shoots 
to  develop.  Some  farmers  only  harvest  once 
and  re-sow  immediately  thereafter  because 
young  plants  grow  £aster  than  side  shoots.  In 


this  rase  farmers  may  use  a  planting  distance 
of  20  cm  X  20  cm  only. 
Diseases  and  pests  Main  diseases  of  sweet 

bitterleaf  are  a  jwtyvirus  causing  leaf  mosaic, 
green  vem  bandmg  and  distortion  of  the  leaves, 
and  wilting  caused  by  Fusarium  sp.,  which 
may  kill  the  plants.  Pests  include  snails,  crick- 
ets and  variegated  grasshopper  (Zonocema 
variegaius),  which  cuts  off  young  leaves  and 
stems.  Methyl-paraffin  is  used  for  control. 

Harvesting  Picking  nf  loaves  starts  at  4-G 
weeks  after  sowiiig  or  G-8  weeks  after  trans- 
planting. Harvesting  is  done  eitiier  by  cutting 
the  young  shoots  or  gathering  the  leaves  only. 
Although  the  harvest  of  leaves  only  is  often  pre- 
ferred, this  system  may  adversely  affect  the 
development  of  the  plant.  Best  results  are  ob- 
tained during  the  rainy  season  by  cutting  the 
shouts  at  5—10  cm  above  the  soil,  which  will  then 
be  replaced  1^  one  or  two  side  shoots.  These  side 
.shoots  could  be  hanrsic  d  H— 4  weeks  later  and. 
depending  on  soil  moisture  and  fertihty,  this 
process  could  be  repeated  two  or  three  times.  In 
the  dry  season,  when  new  shoots  develop  only 
slowly  tf  at  all  farmers  pick  leaves  only  With 
adequate  irrigation,  the  raluun  system  is  possi- 
ble even  during  the  diy  season. 

Yield  Highest  yields  are  obtained  during  the 
rainy  season.  In  Cameroon  the  period  May— 
August  is  the  peak  harvesting  period,  when  a 
bundle  of  15-20  stems  of  4()-.5()  cm  and  occa- 
sionally as  long  as  Of)  rni  coidd  \vei[;h  nlioul  1 
kg.  Stem  weight,  quantity  and  quality  ave 
greatly  reduced  in  the  dry  season.  Hie  initial 
h.incst  yif  Ills  .ibout  1  kg/m-  which  decreases 
tu  about  5UU  g/m-  at  the  third  harvest.  No  data 
are  available  for  leaf  jrield. 

Handling  after  harvest  Th<>  harvested 
produce  is  left  in  a  cool  place  an^l  when  needed 
water  is  sprinkled  to  delay  shrinking.  Leaves 
are  sliced,  washed  and  squeezed.  To  reduce 

bitterness,  people  may  rub  the  lea\-es  uv  hoW 
them  for  5  minutes  in  water  containing  lime. 
Freezing  or  diying  and  packaging  may  follow. 
Dried  leaves  may  be  reduced  to  powder  but  this 
proce'ss  changes  the  taste.  The  dry  leaves  must 
be  steeped  in  water  before  c-onsumplion. 

Genetic  resources  Vemotiia  hymetiolepi*  is 
widespread  and  occurs  often  in  disturberl  h.ibi- 
tats,  and  there  is  no  danger  of  genetic  erosion. 
Its  diversity  in  the  wild  is  great,  but  as  yet 
hardly  studied  or  oqgloited.  Wild,  often  puiple- 
flowered  plants  are  ven,'  bitter. 

Breeding  Cross-pollination  takes  place 
through  both  insects  and  the  wind.  Isolation  at 
the  propagation  stage  is  therefore  important 
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since  crosses  between  wild  nnd  cultivated 
plants  often  result  in  bitter-tasting  plnnts. 

Prospects  V'enionia  hymmolepis  is  u  nuich 
appreciated  but  rather  Venice  Vfjictnlile.  Vege- 
tative propagation  would  be  the  best  way  to 
maintain  unifbrmity,  but  poor  rooting  and  slow 
n.'Liniw th  niiiiiiii  a  problem,  fhice  ncu  rmd 
unii'orm  cultivars  are  developed  and  high  qual- 
ity seed  becomes  available,  this  species  may 
well  take  over  the  whole  market  for  bitterleaf 
includinii  the  common  bitforleaf  {Vt^niniiin 
aiiiygdalina).  l^rocessing  the  leaves  before 
marketing  them  could  become  a  new  source  of 
income  ns  consumers  would  not  need  to  spend 
80  much  time  on  the  preparation  of  dishes, 
which  maybe  important  for  people  in  cities. 

Major  references  Beentje.  H.J..  2000:  Be- 
song,  B.F.  &  Abia.  C  1998;  Biholong,  M..  1986: 
Dupriez,  H.  &  De  Leener,  P.,  1989;  Fube,  H.N. 
&  Djonga,  B.,  1987;  Kalanda,  K.  &  Lisowski, 
S.,  199.^;  Kokwaro.  J.O.,  1993;  Sdiippers,  R.R, 
2000;  Stevels,  J.M.C..  1990. 

Other  references  Burkill.  H.M.,  1985;  Fide- 
lia, U.F..  2000:  Isawumi,  .VI  A.,  1993;  Jeffrey, 
C  1988:  Kupclum,  S.M.,  Hemingway,  R  J. 
Werner,  D.,  Karim,  A.,  McPhail,  A.T.  &  Sim, 
G.A.,  1968;  Mbinglo,  S.B.,  1998;  Numfor,  F.A., 
1997:  T.ilnina  H.  2000. 

Sources  of  illustration  Stevels,  J.M.C., 
1990. 
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VlGNALUTEOLA  (Jacq.)  Benth. 

Protologue  Mart.,  Fl.  bras.  15;  194  (1859). 

Family  Papilionaoeae  (Leguminosae  -  Papilio- 
noidcae,  Fabaceae) 

Chromosome  number  2ii  =  22 

Synonyms  \  igiia  Jmelien  Harms  (1899). 

Vemacnbir  names  Hairypod  oowpea,  dal- 
rj'mplo  vipn.'i  liccr  \ic!\  (Rn) 

Origin  and  geographic  distribution  \  igua 
luteola  occurs  throughout  the  tropics  and  is 
widespread  in  mainland  Africa.  It  has  been 
grown  on  research  stations  in  Reunion  and 
Maunlius. 

Uses  The  flowers  of  X^gna  luteola  are  eat«a 

as  a  boiled  vogrtablr  in  Ethiopia  and  Malawi. 
In  Malawi  the  roots  are  dug  up  by  children, 
peeled  and  chewed  to  extract  a  sweet  juice.  The 
tender  cooked  seeds  are  edible. 
Because  it  is  palatable  for  livestock  and  grows 
and  nodulates  well  in  wet  and  slightly  saline 
soils,  Vigna  hUeola  has  been  tested  as  a  pas- 
ture plant  and  cover  crop  in  a  number  of  coun- 


tries including  dhana,  Zambia,  i'Xrgentina, 
Cuba  and  Australia.  However,  disadvantages 
as  a  pasture  crop  are  its  rather  short  life  cycle, 
susrv  i^nlitlity  to  frost  and  to  insect  pests,  and 
trouble  some  seed  production. 
In  Ethiopia  the  leaves  and  flowers  are  mixed 
with  Hageiii'u  ahyssiiiica  (Bruce)  -fF'^mii. 
flowers  to  treat  syphilis  and  ulcers.  In  Argen- 
tina the  plant  is  used  to  control  lipid  adsorp- 
tion and  cholesterol  hovels,  and  it  is  also  re- 
ported to  have  antimicrobial  and  antineoplastic 
properties. 

Properties  With  a  crude  protein  content  of 

17.4%  of  drj'  matter  at  flowering  Mgiia  luteola 
qualifies  as  an  excellent  fodder.  The  ilavonoids 
queroetin  and  isoihamnetin,  isolated  from  the 
leaves,  are  thought  to  play  a  role  in  the  resis- 
tance mei'haniwm  against  a])hids  The  seeds 
contain  high  levels  of  antimetabolic  factors 
(tannins,  phytic  acid,  inhibitors  of  trypsin  and 

cj-statin)  implied  in  the  rrsij;fnnro  to  storage 
pests.  High  levels  of  the  amino  acid  cj'stine  are 
present  in  the  seeds. 

Botany  Twining  or  trailing  perennial  heib; 
stem  up  to  6  m  long  hairy  but  glabiescent. 
Leaves  alternate,  3-foliolate;  stipules  up  to  5 
mm  long;  petiole  up  to  8.5  cm  long,  radtis  0.5-2 

cm  Innt:  leaflets  ovate-lanceolate  fo  Irincr-olalc 
2.5— 1(J  cm  X  0.5-4.5  cm,  base  rounded  ur 
cuneate  to  truncate,  apex  acute  to  obtuse.  In- 
floresomce  an  axillary  false  raceme;  peduncle 
12— cm  long  rachis  up  to  .i  n  cm  long,  with 
flowers  in  pairs  at  each  node.  Flowers  bisexual, 
papilionaceous,  1-2  cm  long,  yellow.  Fruit  a 
linear,  curved  pod.  slightly  constricted  between 
the  seeds,  6.6-8  cm  long,  with  short  curved 
beak.  Seeds  up  to  4.5  mm  x  3.5  mm. 
Vigiia  comprises  about  80  species.  However, 
the  tropical  .\merican  species  are  likely  to  be 
placed  m  a  separate  genus  m  the  near  future, 
which  would  reduce  the  genus  to  60-60  species. 
Important  cmjis  (hat  belong  to  the  genus  are 
oowpea,  mung  bean,  rice  bean  and  bambara 
groundnut.  A  haiiy  variant  of  Vigna  btteola, 
formerly  known  as  Vigita  fischeri,  is  common  in 
Fast  Afru-a  a(  hiuher  altitudes  (ox  er  l-'iDO  ai) 
The  blue-flowered  \  igiiu  iiieinbranuceu  .A.Rich. 
is  found  in  DR  Congo,  Burundi  and  throughout 
East  .\frica:  in  Kenya  the  leaves  are  eaten  after 
fr>'ing  or  boiling  and  are  said  to  taste  like  cow- 
pea  leaves. 

V^jna  bUeoIa  is  nonspecific  in  its  Rhizobhim 
requirement.  It  is  day-neutral  and  flowers 
throughout  the  year. 

Ecology  l%na  luteola  grows  in  swampy 
grasslands,  among  reeds  on  sandy  lake  shores. 
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in  papyrus  swamps,  on  stream  sides  and  in 
swamp  forest,  from  sea-level  up  to  2200  m  alti- 
tude. It  prefers  an  annual  rainfinll  of  1250  mm 
or  more. 

Management  As  a  pasture  plant  Vigiia  lute- 
da  does  not  tolerate  heavy  grazing  or  dose  cut- 

ting,  and  under  such  t-onditions  will  behave  Hke 
an  annual  or  short-lived  perennial.  Yields  of 
4600  kg/ha  dry  matter  per  rainy  season  have 
bwn  n>p<)r1ed  from  Zambia.  In  Samoa  \^ffta 
Itiicnia  fixed  up  to  120  kg/lin  nitrogen  in  firass- 
legume  mixtures  in  the  first  year.  It  is  consid- 
ered a  weed  of  rice  in  South  America,  and  in 
South  Africa  it  figiirs-s  on  the  n;)tinnal  weed  list, 
Seed  harvest  is  difiicult  owing  to  its  mdetermi- 
nate  flowering  habit.  Poda  are  hidden  by  new 
growth  before  they  can  be  pidced,  and  so  hand 
harvestui^'  lias  been  the  only  method  employed 
lo  dale.  The  pods  shatter. 
Genetie  resovrees  and  breeding  An  im- 

portant  permpl;ism  rnMertion  of  M^iin  liitrnla 
is  held  at  IITA,  Ibadan,  Nigeria.  Acx%ssions  are 
also  held  at  CIAT  (Colombia)  and  ILRI  (Ethio- 
pia). Vigna  luteola  is  used  as  a  source  of  resis- 
tance and  improved  nutritive  value  in  cowpea 
breeding.  A  method  has  been  developed  for 
recovery  of  interq>edfie  hybrids  of  mung  bean 

(Mqiio  nithiitii  (I.  )  R.\Vil(/(k)  nnd  other  Miiiui 
species  thai  were  previously  difficult  lo  hybrid- 
ize, induding  \  'tjiii(i  luteola. 

Prospects  Vigna  luteola  can  be  used  in 
breeding  programmes  of  other  \'iQi>a  species. 
As  a  pasture  legume  and  cover  crop  it  lui^t 
become  more  important  in  wet  and  saline  con- 
ditions. 

Major  references  Mac-kinder,  B.,  Pasquet, 
R.,  Polhill,  R.  &  Verdcourt,  B.,  200X;  Skerman, 
P  J..  1977;  Williamson,  J.,  1965;  Zemede  Asfaw 

&  Mosfin  Tndr^^r  L'Oni 

other  references  Jansen,  P.C.M.,  1981; 
Marooni,  E.,  Rugg«ri,  8.  &  Camovale,  E.,  1997; 
P.nlmer  -I.L.,  Lnwn,  R.J  &.  Adkins,  S.W.,  2002; 
Pasquet,  R.S.,  2001;  Pomilio,  A.B.  &  Zalloochi, 
E.M.,  1989;  Zallocdii,  B.M.  &  Pomilio,  A3., 
1991. 

Authors  C.H.  Bosch 


ViONAUNGUICULATA  d,.)  Walp. 

Protologue  Repert.  bot.  eyst.  1:  779  (1843). 
Family  Ptq>ilionaceae  (Leguminoeae  -  Piq>ilio- 

noideae,  Fabnrene) 

Chromosome  number  2ii  -  22 

Synonyms  Vigna  sinenais  (L.)  Hasak. 
(1844). 


Vernacular  names 

—  Cowpea,  black-eye  bean  (En).  Niebe,  haricot 
doUque,  dolique  mnn^rtte,  pois  yeux  noirs 
(Fr),  Taupi.  feijao  da  China,  leijilo  miudo.  fei- 
jao  macundi,  makunde  (Po).  Mkunde  (Sw). 

—  Yard-long  bean,  asparagus  bean  (En). 
Dolique  asperge.  haricot  kilometre  (Vv).  Kei- 
jSo  de  metro,  feijao  chicote,  feijao  espargo, 
feijio  frade  alfange  (Po). 

—  Catjang  cowpea,  sowpea,  Bombay  cowpea 
(En),  Dolique  (Fr), 

Origin  and  geographic  distzibutaon  Vigna 
unguiailata  originated  in  Africa,  where  a  large 

genetic  diversity  of  wild  types  occurs  through- 
out the  continent,  southern  Africa  being  rich- 
est. It  has  heexi  introduced  in  Madagascar  and 
other  Indian  Ocean  islands,  where  it  is  some- 
times found  as  an  escape  from  cultivation  Thf 
greatest  genetic  diversity  of  cultivated  cowpea 
is  found  in  West  Africa,  in  the  savanna  region 
of  Burkina  Faso  (Ihnna  To<:o,  Renin,  Xiper, 
Nigeria  and  Cameroon.  Cowpea  was  probably 
brought  to  Europe  aroimd  300  BC  and  to  India 
200  BC.  As  a  result  of  human  selection  in 
china  India  and  South-East  Asia,  cowpea  un- 
derwent further  diversification  to  produce  two 
culiivar-groups,  Sesquipedalis  Group  with  long 

jtods  used  as  ;i  vegetable,  and  Piflora  flroiip 
grown  for  the  pods,  dry  seeds  and  for  I'odder. 
Cowpea  was  probably  introduced  to  tropical 
America  in  the  IT*  century  by  the  Spanish  and 
is  widely  grown  in  the  lilted  States,  the  Car- 
ibbean region  and  Brazil. 
Cowpea  is  the  most  important  pulse  crop  in  the 
savanna  regions  of  West  and  Central  .\fri<  ;( 
where  it  is  also  a  valuable  source  of  fodder.  In 
East  and  southern  Africa  it  is  important  both 
as  a  vegetable  and  as  a  pulse.  Only  in  humid 


Vigna  unguieulata  -  wild  and  planted 
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Central  .Africa  is  it  less  prominent. 

Uses  Cowpea  is  the  preferred  food  legume  in 
large  parts  of  Africa.  The  seed  is  cooked  to- 
gether with  vegetalili'M  sjiiees  and  often  palm 
oil,  to  produce  a  thick  bean  soup,  which  accom- 
panies the  staple  food  (cassava,  yam,  plantain). 

In  \Vo<t  AtVicii  thi-  sord  is  dccort icatc<l  and 
ground  mto  a  flour  and  mixed  with  chopped 
onions  and  spices  and  made  into  cakes  which 
are  either  deep  fried  (  akara  balls'),  or  steamed 
(  moin  nioin  ).  The  flour  ran  nlso  he  used  ns  n 
basic  ingredient  in  the  preparation  of  many 
foods  induding  baby  foods.  The  dry  seed  has 
been  used  as  coffee  substitute  In  the  United 
States  considerable  amounts  of  immature  cow- 
pea  seeds  are  eaten  fresh. 

Cowpea  leaves  are  served  boiled  or  fried  and 
are  usually  eaten  with  a  porrid^'e.  The  leaf  may 
be  preserved  by  sun-drying  or  bodmg  and  then 
sun-drying  to  be  used  during  the  dry  season.  In 

Botswana  and  Zimbabwe  boiled  eowpca  leaves 
are  kneaded  to  a  pulp  and  squeezed  into  small 
balls,  whidi  are  dried  and  stored.  Immature, 
green  and  still  soft  seed  is  cooked  to  a  thick 
soup  and  used  as  relish.  The  tender  seedless 
cowpea  pod  is  sometimes  used  as  a  cuoked 
vegetable,  as  are  young  pods  of  yard-long  bean. 
In  .Asia  this  is  the  mnst  inijiortant  use  of  c-ow- 
pea,  in  Africa  it  is  uncommon.  In  Benue  Stale, 
Nigeria,  the  stringless  coiled  pods  with  little 
parchment  of  a  landrace  called  Tj  1 1  i  are 
parbniled  for  a  fow  minnfes  opem  d  :ind  sjdit 
m  half.  The  seeds  are  eaten  directly  while  the 
pod  walls  are  dried  and  preserved  for  later  use. 
Pods  are  also  eaten  locally  in  Renin. 
Cowpea  is  used  as  fodder  m  West  Africa,  Asia 
(especially  India)  and  Australia;  it  is  used  for 
grazint;  or  cut  and  mixed  with  diy  cereals  for 
animal  feed.  In  the  I'nited  States  and  else- 
where cowpea  is  grown  as  a  green  manure 
crop.  In  Nigeria  qpeeial  cultivars  are  grown  for 
the  fibre  extracted  from  the  peduncle;  the  fibre 
is  especially  suited  for  fishing  gear,  and  pro- 
duces a  good-quality  paper. 
A  few  medicinal  uses  of  cowpea  have  been  re- 
ported: leaves  and  seeds  aie  ijj)jilied  as  a  poul- 
tice to  treat  swellings  and  skin  infections,  the 
root  is  used  as  an  antidote  for  snakebites  and 

to  treat  e[jile{isy  ehest  pnin  eenstipatinn  and 
dj'smenorrhoea,  and  unspecified  plant  parts 
are  used  as  a  sedative  in  tachycardia  and 
against  various  pain  - 

Production  and  international  trade  The 
total  world  production  of  dry  cowpea  seeds  in 
2002  was  about  5  miUion  t  from  14  millitm  ha, 
of  which  64%  was  produced  in  West  and  Cen- 


tral .Africa.  The  drier  regions  of  Nigeria  alone 
produced  2.1  million  t  from  5  million  ha,  and 
Niger  produced  400,000  t  from  3.5  million  ha. 
Other  main  production  areas  are  southern  Af- 
rica, Central  and  South  America,  and  southern 
Asia.  There  are  no  statistical  data  on  the  quan- 
tity  of  leaves  and  pods  har\'ested  but  it  is 
likely  to  be  considerable.  Fresh  and  dried 
leaves  are  much  sold  in  urban  markets  and 
some  are  traded  lo  m-it^bbouring  countries. 
Dried  leaves  in  ihe  form  of  black  balls  are  ex- 
ported from  Zimbabwe  to  Botswana  and  South 
Africa.  Tard-long  bean  is  grown  in  Asia  an 
liundreds  of  thous;iii<ls  of  hectares,  but  is  of 
minor  importance  in  Africa. 

Properties  The  nutritional  composition  of 
leafy  stem  tips  of  cowpea  per  100  k  edible  por- 
tion is:  water  89.8  g,  energj'  121  kJ  (2i)  kcal). 
protem  4.1  g,  fat  0.3  g,  carbohydrate  4.8  g,  Ca 
63  mg,  Mg  43  mg,  P  9  mg,  Fe  1.9  mg.  Zn  0.3 
mg  vil.amin  .\  712  IT',  thiamin  O.'AFi  mg,  ribo- 
flavin 0.2  mg,  niacin  1.1  mg  folate  101  ng, 
ascoifoic  acid  36  mg.  Young  cowpea  pods  witti 
seeds  contain  per  100  g  edible  portion:  water 
86.0  g,  energy  18  1  kJ  (IJ  kcal).  protein  3  3  g. 
fat  0.3  g,  carbohydrate  U.u  g,  Ca  Go  mg,  Mg  58 
mg,  P  66  mg,  Fe  1.0  mg,  Zn  0.3  mg,  vitamin  A 
l()()n  Tl',  th: rimin  ().!.")  mg,  riboflavin  0.15  n^, 
niacin  1.2  mg,  folate  53  pg,  ascorbic  acid  33  mg. 
Yard-long  bean  pods  contain  per  100  g  edible 
portion:  water  87.9  g,  energy  197  kJ  (47  kcal), 
protein  2.8  g,  fat  0  1  g,  rarbohydrnte  8. 1  g,  Ca 
50  mg,  Mg  11  mg,  T  59  mg,  Fe  0.5  mg,  Zn  0.4 
mg,  vitamin  A  865  lU,  thiamin  0. 1  mg,  ribofla- 
vin 0  ]  mg,  niacin  0  1  mg  folate  C,2  ng.  ascorbic 
acid  la  mg.  Immature  cowpea  seeds  contain 
per  100  g  edible  portionr  water  77.2  g.  energy 
377  kJ  (90  keal).  protein  3.0  g,  fat  0.4  g,  carbo- 
hydrate 18.9  g,  flbre  5.0  g,  Ca  120  mg  Mg  51 
mg,  1*  53  mg,  Fe  1.1  mg,  Zn  1.0  mg,  vitamui  A  0 
lU,  thiamin  0.1  mg,  riboflavin  0.15  mg,  niacin 
1.45  mg  folate  108  ug  a.srnrbie  acid  2.5  mg. 
Mature  cowpea  seeds  contain  per  100  g  edible 
portion:  water  12.0  g,  energy  1407  kJ  (336 
kcal),  protein  23.5  g.  fat  1.3  g.  carbohydrate 
60.0  g.  fibre  10,0  cr  (';,  iKi  „,g.  Mg  184  mg.  P 
424  mg,  Fe  8.3  mg,  Zn  3.4  mg,  vitamin  A  50  lU, 
thiamin  0.85  mg,  riboflavin  0.25  mg,  niacin  2.1 
mg.  folate  603  ^g,  ascorbic  add  1.5  (USDA, 
2002). 

The  approximate  fatty  acid  composition  of  fat 
from  cowpea  seeds  is:  satuiated  fatty  aeids 
25%,  monounsaturated  fatty  acids  8%,  polyun- 
saturated fatty  acids  42%.  Cowpea  protein  is 
relatively  rich  in  lysine,  but  poor  in  S- 
containing  amino  adds.  Cowpea  seed  is  lower 
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in  nntinutritional  components  such  as  lectins 
and  tripsin  inhibitors  than  common  bean 
(Phaseolus  vulgaria  L.)- 

Adulterations  and  substitutes  The  pods 
of  common  bean  are  often  used  for  the  same 
dishes  as  yard-long  bean,  although  the  taste  is 
not  the  same.  Immature  seeds  of  st-Vfral  legu- 
minous plants  are  used  as  substitutes  for  im- 
mature cowpea  seeds,  e.g.  those  of  pea  {Pimm 
sal i I  inn  I..),  con^mon  bean  and  lima  bean 

(PlidSi'iiln s  luuiitiis  L.)- 

Description  Climbing,  trailing  or  more  or 
less  erect  annual  or  perennial  herb,  cultivated 
as  ail  annual;  tajimot  well  developed,  with 
many  lateral  and  adventitious  roots;  stem  up  to 
4  m  long,  angular  or  nearly  cylindrical,  slightly 
ribbed.  Leaves  alternate,  3-foliolate;  stipules 
ovate,  0.5-2  cm  long,  spurred  at  base:  petiole 
up  to  15(— 25)  cm  long,  grooved  above,  swollen 
at  base,  radiis  (0.6— )2.6-^.6(-6.5)  cm  long; 
stipel.';  small:  loaflots  ovn(o  or  rhombic  to 
lanceolate,  (1.5-)7-14(-20)  cm  x  (i_)i_io(-i7) 
cm,  basal  ones  asymmetrical,  apical  one  sym- 
metrical, entire,  sometimes  lobed,  glabrous  or 
slightly  pubescent  3-veined  from  the  base. 
Inllorescence  an  a.villary  or  terminal  false  ra- 
ceme up  to  36  cm  long,  with  flowers  clustered 
near  tiie  top.  Flowers  bisexual,  papilionaceous; 


Vigna  iinguii  iilata  -  1,  inflorescence;  2,  fmiling 
branch;  3,  seed. 
Soume:  PROSEA 


pedicel  1-3  mm  long,  with  spatulate,  deciduous 
bracteoles:  calyx  campanulate,  tube  c.  5  mm 
long,  lobes  narrowly  triangular,  c  5  mm  long; 
corolla  pink  tn  purple,  sometimes  white  or  yel- 
lowish, standard  very  broadly  obovate,  hood- 
shaped,  c.  2.5  cm  long,  wings  obovate,  c.  2  cm 
long,  keel  boat-shaped,  c  2  <  in  long:  stamens 
10,  9  fused  and  1  free;  ovary  superior,  c.  1.5  cm 
long,  laterally  compressed,  style  upturned, 
with  fine  hairs  in  upper  part,  stigma  obliquely 
globular.  Fruit  a  linrar-cylindrirnl  pod  8— 3()(— 
120)  cm  long,  straight  or  slightly  curved,  with  a 
short  beak,  glabrous  or  slightly  pubescent,  pale 
brow  n  when  ripe.  8-30-seeded,  Seeds  oblong  to 
almost  globose,  often  laterally  compressed,  0.5- 
1  cm  long,  blade,  brown,  pink  or  white;  hilum 
oblong,  covered  with  a  white  tissue,  with  a 
blackish  nm-like  aril  Seedling  with  epigeal 
germination;  cotyledons  oblong  or  sickle- 
shaped,  thick;  first  two  leaves  simple  and  op- 
positi'  -111 ' pi: '11 1  li ill  I Tn I ■  .'-i-foliolate. 

Other  botanical  ini'ormation  \'igna  com- 
prises about  80  species  and  occurs  throu^out 
the  tropics.  However  the  tropical  American 
species  are  likely  to  be  placed  in  a  separate 
g^us  in  the  near  future,  which  would  reduce 
the  genus  to  60-60  species. 

Vigna  iiiifiuinilala  is  cxt icmcly  \  ariable,  both 
in  wild  and  cultivated  plants.  Several  subqpe- 
des  (up  to  10)  have  been  distinguished,  most  of 
them  comprising  perennial  wild  lypes.  but 
subsp.  ungtiinihiid  includes  annual  wild  types 
and  cultivated  ones. 

In  cultivated  Vigna  unguiculata  4  cuhivar- 

groups  are  generally  recognized,  although  the 
groups  can  be  crossed  readily  and  overlap: 

—  Unguiculata  Group  (common  cowpea):  pulse 
and  vegetable  types,  grown  for  the  dry  or 
immature  seeds,  young  pods  or  leaves:  plant 
habit  prostrate  to  erect,  up  to  80  cm  tall,  late 
flowering,  pods  10-30  cm  kng,  poident,  hard 
and  firm,  not  inflnted  when  young,  mnny- 
seeded  and  seeds  not  spaced;  most  African 
cultivars  belong  to  this  group. 

—  Sesquipedalis  Group  (yard-lon  j  I  .  an,  syno- 
nyms: Dnlithos  .ifxciiiipf'dali.'i  L..  \  iifna  sos- 
qutpeJcjlis  (L.)  Fruhw .):  grown  for  the  young 
pods;  plant  climbing,  stem  up  to  4  m  long, 
pods  30-120  cm  lonu  pendent  inflated  when 
young,  many-seeded  and  seed  spaced;  impor- 
tant vegetable  in  South-East  Asia,  but  of  mi- 
nor importance  in  tropical  .Africa,  where  only 
cultivars  inf  i-nduccil  from  ;\sia  are  grown. 

—  Bitlora  Group  (catjang  cowpea):  grown  for 
the  seeds,  tender  green  pods  and  for  fodder; 
plant  habit  prostrate  to  erect,  iqp  to  80  cm 
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tall,  early  flowering,  pods  7.5—12  cm  long, 
erect  or  ascending,  hard  and  firm,  not  in- 
flated when  young,  few-seeded  and  seeds  not 
spaced:  important  in  India  and  Suuth-East 
Asia,  locally  also  m  Ainca  (e.g.  Ethiopia). 
-  Textilis  Group:  a  Bmall  group  only  grown  in 
Nigeria  for  the  fibre  extracted  from  the  long 
peduncles. 

In  Afirica  there  are  numerous  landraces  and 
improved  cultivars  within  I'nguiculata  Group. 
Leaves  nre  trnHit ionnlly  picked  in  cowpen  fields 
grown  primarily  for  the  dry  seed  and  belong  to 
the  top  ten  most  pcqmlar  leafy  vegetables  in 
many  Afiir;iii  countries.  In  addition,  special 
^rpes  with  erect  plant  habit  or  prostrate  stems 
with  long  tendi«»  ahoota  are  grown  as  leafy 
vegetable,  sometimes  also  for  the  immature 
seeds  or  young  pods. 

Various  cultivars  of  yard-long  bean  are  offered 
by  Asian  seed  companies,  with  a  large  varia- 

ti(in  in  plnnt  ■Imrru-ters 

Growth  and  development  Gernunatiou 
takes  3-5  days  at  temperatures  above  22*C. 
Most  cowpea  cultivars  are  quantitative  short- 
d;iy  plants,  but  day-neutral  and  long-day  tj^ies 
exist.  Flowers  open  in  the  morning  and  close 
before  noon,  and  fall  the  same  day.  In  dry  cli- 
mates cowpea  i.«  almost  entirely  self-pollinated, 
but  in  areas  with  high  air  humidity  cross- 
pollination  by  insects  may  amount  to  40%. 
Only  fairly  large  inspects  are  heavy  enough  lo 
open  the  keel.  The  length  of  the  reproHuctive 
period  is  veiy  variable,  with  the  earliest  culti- 
vars taking  30  days  from  planting  to  flowering, 
and  less  th;in  '^^0  days  to  mature  seeds.  \Mien 
leaves  are  harvested  durmg  the  early  growth 
stages,  senesoenoe  starts  1.6-2  months  after 
si>\\in'4  and  the  plant  (li(*s  after  3—4  months, 
depending  on  crop  herilth  and  intensity  of  har- 
vesting. Late  cultivars  with  mdetermmate 
growtii  takft  90^100  d^ys  to  flower  and  up  to  210 
Hays  fi  I  llic  pods  of  the  last  flowers  to  mature. 

Ecology  Wild  types  of  Vigna  ung^iiculala 
grow  in  savanna  vegetation,  often  in  disturbed 
localities  or  ,i  <,\  eed,  up  to  1500  m  altitude, 
but  some  can  Isf  tnund  in  ijrassland  subject  to 
regular  burning,  sandy  localities  close  to  the 
coast,  woodland,  forest  edges  or  swampy  areas, 
occasion  ally  up  to  2500  m  altitude. 
Cowpea  grows  best  at  day  temperatures  of  25- 
35*0:  night  temperatures  should  not  be  less 
til  111  |W  and  consequently  cultivation  is  re- 
.stncted  to  low  and  medium  altitudes.  At  alti- 
tudes above  700  m  growth  is  retarded.  Cowpea 
does  not  tolerate  frost,  and  temperatures  above 
36*C  cause  flower  and  pod  diedding.  It  per- 


forms best  under  full  sunlight  but  tolerates 
some  shade.  Most  cowpea  for  pulse  is  gi-own 
und«^  rainfed  conditions.  Short-dui  it  ion  de- 
terminate types  can  be  grown  witli  less  than 
500  mm  rainfall  per  year;  m  experiments  in 
Senegal  'Ein  al  Ghazal'  produced  2400  kg/ha  of 
seeds  with  only  452  mm  ijun  Long-duration 
types  require  600-1600  mm.  Yard-long  bean 
tolerates  high  rainfall;  a  ^lly-grown  crop  has  a 
water  n  quncmentof  6-8  mm  per  day.  Cultiva- 
tion in  the  diy  soason  with  amjile  ii'fipation  is 
practised,  as  well  as  cultivation  during  the 
rainy  season,  although  sowing  during  the  rainy 
season  cm  result  in  damage  to  the  emerging  or 
young  plants.  Cowpea  can  be  grown  on  a  wide 
range  of  soil  types  with  pH  6.5-6. 5(-7.5),  pro- 
\  ided  the}'  are  well  drained. 

Propagation  and  planting  Farmers  nor- 
mally use  farm-saved  seed  for  plantmg.  The 
1000-seed  weight  of  cowpea  is  160-300  g.  The 

seed  rate  for  fnire  stands  is  l.'i-;5f)  kg/ha.  Seed 

dressing  with  an  insecticide  and  a  fungicide 
(e.g.  thiram)  prior  to  planting  is  recommended. 

In  tropical  Africa  cowpea  is  grown  either  inter- 
cropped or  in  relay  with  other  crops  such  as 
yam,  mai2e,  cassava,  groundnut,  sorghum  or 
pearl  millet.  Pure  stands  are  not  common  ex- 
cept in  the  coastal  areas  of  East  .\frica  and 
also  in  Asia  and  Western  countries.  Field  spac- 
ing varies  according  to  growth  habit  and  crop- 
ping system.  Erect  types  are  spaced  at  about 
10  cm  within  the  row  and  ."iO-lOO  cm  between 
rows.  Where  hill  planting  is  practised  in  West 
Africa,  a  spacing  of  50  cm  x  50-60  cm  is  used 
for  erect  cultivars  The  spacing  for  prostrate 
mdeterminate  cultivars  fur  leaf  production  is 
about  75  cm  X  75  cm.  Cowpea  requires  land 
with  fine  tilth  lor  (rood  root  growth.  Generally, 
deep  plouRhinp  followed  by  harrowing  provides 
an  adequate  tilth.  In  intercroppmg  systems, 
tillage  normally  follows  the  crop  in  which  cow- 

pea  is  interplanted 

Peri-urban  vegetable  farmers  use  special  culti- 
vars for  ratoon  cropping  of  the  leaves.  They 

broadcast  the  seed  on  raised  beds,  made  on 
well-manured  soil,  aiming  at  a  dense  stand  of 
about  2b  plants  per  m-. 

Farmers  in  Africa  use  yard-long  bean  seed 

harvested  from  a  previous  crop  in  contrast  to 
South-East  Asia,  where  manj-  farmers  procure 
healthy  seed  from  improved  cultivars.  'Hie 
lOOO-seed  weight  of  yard-long  bean  is  loww 
than  that  of  cowpea,  100-150  g.  Seed  is  sown 
m  pockets  of  2-4  seeds.  Cultivation  is  usually 
on  raised  beds  for  good  drainage  and  easy  sur- 
face irrigatiim  and  for  eaqr  staking  and  har- 
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vesting.  Earthing-up  the  young  plants  protects 
the  shallow  root  sj'stem  and  gives  support  to 
the  seedlings  Some  farmers  apply  muldi  of 
rice  straw  Imt  this  is  nnt  n  common  practice, 

Management  Cowpea  derives  a  significant 
amount  of  its  nitrogen  requirements  &<om  die 
atmosphvri'  and  may  leave  75-150  kg/hn  in  the 
soil  for  the  benefit  of  the  succeeding  crop.  It 
forms  N-fuung  nodules  with  SijtoHtizobmm 
fivdii  and  several  Bradyrhizohiimi  species.  If 
rowpoa  is  prown  in  locniif  jos  where  it  h.is  not 
been  grown  recently,  moculation  with  nitrogen- 
fixing  hacteria  has  been  found  to  be  beneficial. 
Cowpea  requires  phosphorus  for  nodulation 
and  root  growth.  Incorporation  of  25  kg/ha  P  is 
adequate  for  plant  growth  in  phosphorus- 
deficient  soils.  In  soils  known  to  be  defid^t  in 
potassium  application  of  25  kg/ha  K  is  recom- 
mended. Cowpea  must  be  kept  weed  free  dur- 
ing the  early  stages  of  growth,  up  to  8  weeks 

nftrr  emeryt  nce  of  the  soodiinBS. 
Cowpea  grown  as  a  vegetable  and  yard-long 
bean  have  a  high  mineral  uptake.  In  soils  of 
average  fertility  an  application  is  recom- 
mended of  5-10  t/ha  of  farmyard  manure  dur- 
ing soil  preparation,  together  with  N  20  kg/ha, 
K  26  kg/ha  and  P  40  kgTha.  Three  weeks  after 

emergence  a  toj)  dressing  of  .'50  kg.'Hia  iire;i  is 
given.  In  yard-long  bean,  2—2.5  m  lung  stakes 
are  inserted  near  the  seed  beds  before  sowing 
or  during  the  first  two  weeks  after  emergence, 
before  the  plants  have  renehed  n  height  of  'AQ 
cm.  A  cheap  method  of  stakmg  is  to  relay-plant 
yard-long  bean  next  to  the  stems  of  maize  be- 
fore i»r  just  after  the  cobs  are  harvested.  Weed- 
ing by  superficial  hand  hoemg  is  only  needed 
during  the  first  month.  Once  the  crop  is  fiiUy 
grown  it  outcompetes  weeds. 

Diseases  and  pests  Owpea  is  susceptible  to 
a  wide  range  of  diseases  and  pests.  Yard-long 
bean  suffers  from  the  same  diseases  and  pests 
Init  seems  less  susceptible  than  cowpea  under 
humid  conditions.  Fimgal  diseases  are  more 
troublesome  during  the  rainy  season,  whereas 
insect  and  mite  pests  and  virus  diseases  cause 
more  damage  during  the  dry  season. 
The  major  fungal  diseases  are  anlhracnose 
(Colletotriehum  Imdemuthianum),  blight  (As- 
cocyta  plinspolonint),  brown  blotch  (Collrto- 
trichum  ssp.),  leaf  smut  (Protomycopsis  phase- 
o2i)s  leaf  spot  {Cenospora  spp.,  Septoria  vigiiae, 
Paeudooareoapoii I  (  nienta),  brown  rust  (i'roitiy- 
ces  spp  ),  scab  {Ehiune  phnsonli).  powder>'  mil- 
dew (Eiysiphe  polygoit  i),  pythium  soft  stem  rot 
(Pythium  aphanidermatum),  stem  canker 
(Maerophomina  phaaeoUna)  and  web  blight 


(Rhizoctonia  solani).  (Jrop  rotation  and  the  use 
of  chemicals  and  resistant  cultivars  are  neoes- 
saiy  for  integrated  disease  control  Bacterial 
diseases  include  bacterial  Might  {Xantlioinoiins 
campeslris),  which  occurs  worldwide,  and  bac- 
t^al  pustules  (Xanthomoncu  spp.)  reported 
firom  Nigeria.  These  bacteria  are  seed- 
transmitted  and  secondary  spread  occurs  by 
wind-driven  rain.  Control  measures  include  the 
use  of  pathogen-free  seed.s,  seed  tn-atment 
with  a  mixture  of  antibiotics  and  fungicides 
such  as  streptocjclme  plus  captan,  and  strict 
crop  rotation. 

Many  viruses  attack  Mgiia  ungiticiiJata.  Some 
viruses  of  economic  importance  are  cowpea 
aphid-borne  mosaic  potyvirus  (CABMV),  cow- 
pea mottle  carmovirus  (CPMoV),  cowpea  yellow 
mosaic  virus  (CYM\0.  black  eye  cowpea  mosaic 
potyvirus  or  bean  common  mosaic  potyvirus 
(BCMV),  cucumber  mosaic  cucumovirus  (CMV- 

<  'S)  and  cowpea  golden  mosaic  viini.s  (< 'PCXrN'). 
Some  of  the  viruses  are  seedborne,  while 
aphids,  white  flies  and  beetles  perform  field 
transmission.  Control  measures  include  use  of 
healthy  seed  of  resistant  cultivars  if  available, 
and  weeding  to  remove  alternative  hosts.  In 
poor  sand  soils,  cowpea  is  attacked  by  root-knot 

nematodes  {Melnido^yiw  s[i[i) 
In  Irnpieai  .\IVica  much  damage  is  caused  by 
(  (AviK  .i  aphids  (AphU  craecivora),  flower  thrips 
{MegaUtrnthripa  sjoaledii),  legume  pod  borers 
{Mantra  ritratn.  Etiella  ziiichciiflJa).  j>od  bugs 
and  seed  suckers  (e.g.  Clavigralla  lomentosicol' 
lis,  synonym:  Aeanthomia  tomenfoaieoQut). 
Lygus  beetle  (Lyffii.s  licspi'viis).  cnwpea  curculie 
{Cliulcudennus  aoiieus)  and  green  ieaihoppers 
(Einpoasca  spp.)  are  of  less  importance.  Tard- 
long  bean  is  es])r(  tally  attractive  to  aphids 

(Myziis  persirar  Apliifi  ffrjs.typii),  green  stink 
bug  (.\'ezara  linduia)  and  red  spider  raite 
(TeUxmyckus  spp.);  greaety  cutworms  (Agrotis 

t'psilnii)  often  cause  damage  just  after  emer- 
gence. The  bean  shoot  fly  {Ophioinyia  phaaeoli) 
is  a  common  pest;  the  larvae  tunnel  in  the 
le;i\i  s  ami  stems,  and  severely  attacked  yeung 
plants  will  die  whereas  older  plants  will  suffer 
from  hampered  growth  and  serious  yield  reduc- 
tion. Another  common  pest  is  the  bean  pod  fly 
{Mi^lnnn^rnruyza  snjar).  The  lar\'ae  damage  the 
petioles  and  young  pods.  Control  involves  pro- 
tecting the  seed  with  a  qrstemic  insecticide 
(e.g.  carbofuran)  at  sowing  otr  appUed  as  a  solu- 
tion to  the  emerging  seedlings  in  the  planting 
holes.  I'lant  debris  and  affected  plants  must  be 
burned.  Ciowpea  seeds  are  extremely  vulner- 
able to  storage  pesta,  with  the  cosmopolitan 
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cowppo  wcpvil  {Calln.snbnicliiis  inaculatiis) 
being  the  major  storage  pest.  Measures  to  re- 
duce pest  damage  include  application  of  inof- 
fensive vegetable  oil.  neem  (AzailiracJita  iiidica 
AJuss.)  oil  or  wood  ash,  roasting  and  bagging 
the  seeds  in  air-tight  plastic  hags,  and  storing 
as  whoji-  pods 

Use  of  chemieais,  resistant  cultivars,  biological 
control  and  proper  crop  management  such  as 
intercropping:  and  weeding  are  necessan,-  for 
integrated  pe.st  managomont  ('h<  nii('al  control 
of  insects  is  common  practice  on  yard-long 
bean,  hut  not  on  cowpea.  Because  of  the  risks 
for  farmer  am!  consumer  (especially  when 
leaves  are  harvested),  these  sprayings  must  be 
reduced  to  the  strict  minimum. 
Two  parasitic  weeds  are  a  serious  problem: 
Alectra  lonolii  Benth  prevalt-nt  in  the  south- 
ern savanna  regions  of  West  Africa,  East  Africa 
and  southern  Africa,  and  Striga  geanerioieles 

(Willd.)  \'ntko  jH-cvalent  in  the  savanna  i-ofjions 
of  West  and  Central  Africa.  Crop  i-otation,  deep 
cultivation,  intercropping,  early  planting  and 
use  of  resistant  cultivars  reduce  infestation  by 
these  pnra'iitic  weeds, 

Harvesting  Cowpea  leaves  are  picked  in  a 
period  from  4  weeks  after  emergence  of  the 

seedlings  to  the  onset  of  flowt  rinsj  In  crops 
grown  for  the  seed,  fanners  often  harvest  10— 
20%  of  the  leaves  before  the  start  of  flowering 
with  Bttle  detrimental  effect  on  the  seed  yield. 
Stronger  defoliation  increasingly  reduces  flow- 
ering, fruiting  and  seed  yield.  Growers  of  leaty 
cowpea  types  cut  the  plants  at  about  10  cm 
above  the  ground  for  a  succession  of  new  shoots 
(ratooning).  Green  pods  are  harvested  when 
the  seed  is  still  immature,  12—15  dajrs  after 
flowering.  Harvesting  of  diy  seed  is  done  when 
at  least  two  thirds  nf  the  pods  are  dr>'  and  yel- 
low. In  mdetermmate  types  harvesting  is  com- 
plicated by  prolonged  and  unevai  rqpmiing.  For 
hay  the  whole  plant  is  cut  and  rolled  into  a 
bundle. 

The  first  piddng  of  yard-long  bean  pods  in  the 
desirable  stage  takes  place  6-7  weeks  after 
planting  dependmg  on  cultivar  and  market 
requirements.  Normally  the  pods  are  picked 
when  the  outline  of  the  seeds  is  just  visible. 
Picking  must  bo  motirulous  because  pods 
which  are  passed  over  until  the  next  harvest 
will  become  tough  and  discoloured,  with  swol- 
lea  seed,  and  may  exhaust  the  plant.  Succes- 
sive harvests  take  place  at  least  once  a  week 
(twice  a  week  for  a  better  tuned  grading)  dur- 
ing 4r4l  weeks. 
Tidd  Farmers  may  harvest  up  to  400  kg/ha 


of  cowpea  leaves  in  a  few  rounds  with  no  no- 
ticeable reduction  of  seed  fields.  In  Nigeria 
climbing  i  iilii.  ns  have  yielded  9-17  t/ha  of 
fresh  pods,  \\ii<-r<';is  docunibcnt  i-ultivars 
yielded  6-15  t/ha.  The  mean  drj'  seed  yield  of 
the  same  cultivars  was  1.4-1.7  t/ha.  The  world 
aMTase  yndd  of  dry  cowpea  seed  is  low  240 
kg/ha,  and  for  fodder  it  is  500  kg/ha  (air-dried 
leafy  stems).  The  average  seed  yield  in  Senegal 
is  1 10  kg/ha.  in  Niger  470  kg/ha,  in  Nigeria  and 
I  ;hana  (iOO  kg/lia,  and  in  the  I'nited  States  900 
kg/ha.  A  yield  potential  of  3  t/lia  of  seed  and  1 
t/ha  of  hay  can  be  adiieved  with  good  man- 
agement 

For  yard-long  bean,  a  total  yield  of  15  t/ha  in  a 
harvest  period  of  at  least  one  month  is  consid- 
ered satia&ctory,  but  yields  as  high  as  30  t/ha 

Ivivv  l)een  reported. 

Handling  after  harvest  Harvested  leaves 
cannot  be  kept  for  long;  they  have  to  be  sold 

within  ■_'  dnys  The  ;^hri(its  ran  bo  kept  lonporhy 
putting  them  in  a  basin  with  water.  Cowpea 
leaves  are  fii^quently  dried  in  the  sun  for  pres- 
ervation, either  after  boiling  and  milh  >  , to 
black  balls,  or  directly  as  whole  or  broken 
leaves,  or  as  powder.  Green  pods  are  lied  in 
bxmdles  of  20-^  and  packed  in  baskets  or 
crates  for  transport  to  the  market  Ynrd-Iong 
bean  is  less  susceptible  to  loss  of  weight  by 
transpiration  and  to  transport  damage  than 
most  other  vegetables.  In  cool  storage  (8"C)  the 
pods  will  keep  for  1  weeks.  Immature  fresh 
cowpea  seeds  have  a  limited  shelf-life  if  stored 
at  ambient  temperatures,  but  at  8«C  th^  can 
stay  flesh  for  8  days.  In  Europe,  the  United 
States  and  Japan,  immature  tender  green  pods 
are  sometimes  frozen  or  canned.  As  a  pulse,  the 
threshed  seed  should  be  dried  thoroughly  to  a 
moisture  content  of  14%  or  less  for  good  stor^ 
abilit}'. 

Genetic  resources  The  Intematfonal  Insti- 
tute of  Tropical  \criculture  (ITTA),  Thadan, 
Nigeria  holds  a  collection  of  over  15,000  acces- 
sions of  the  cultivated  cowpea  and  1000  acces- 
sions of  related  wild  Vigiia:  the  1  ni\  '  i  sity  of 
California  Riverside.  United  States  holds  .1000 
accessions.  IITA  characterized  8500  accessions 
for  resistance  to  Mamca  pod  borer  and  sucking 
bujis  and  1000  for  resistance  tn  flower  thrips, 
bruchids  and  viruses.  The  level  of  resistance  to 
insect  pests  is  high  in  the  wild  qiedes  Vigna 
l  exillala  (L.)  A.Itidi.,  especially  to  pod  suddng 
bugs  and  Mnnicn  pod  borer.  Many  accessions 
of  wild  Vigna  species  possess  high  levels  of 
resistance  to  the  storage  weevil. 
Small  ooUections  of  yard-long  bean  are  present 
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at  the  Asian  Vegetable  Research  and  Develop- 
ment Center  (A\TiDC),  Shanhua,  Taiwan  and 
the  Institute  of  Crop  (Jermplasm  Resources 
i*".\ASi   Hi  ijint,'  jind  in  national  insti- 

tutes ui  Asia.  Only  very  small  collections  of 
catjang  oowpea  exist.  In  Asia  landraoes  of  vege- 
table and  pulse  types  of  Mgim  iiiti{niculata  are 
in  danger  of  being  lost  since  improved  cultivara 
are  widely  grown.  This  process  has  also  started 
in  .Africji. 

Breeding  Much  work  has  been  performed 
on  Vigiia  unguiculato  breeding,  mostly  for  cul- 
tivars  grown  as  pulse,  and  in  South-East  Asia 
for  yard-long  bean  In  the  Ignited  States  sperial 
oowpea  cultivars  for  harvesting  pods  and  young 
seeds  have  beat  developed.  Selection  criteria 
for  oowpea  concern  resistances  (to  insect  pests, 
diseases,  nematodes,  parasitir  weeds,  drought), 
plant  type,  seed  type,  yield  and  cropping  sys- 
tem. IITA  has  a  large  breeding  programme  and 

distributes  rowpea  germplasni,  brtn-dinp  mnfe- 
rial  and  cultivars.  National  programmes  in 
many  countries  have  released  improved  cowpea 
cultivars  with  many  resistance  genes,  e.g.  to 
bacterial  blight,  eowpea  aphid-borne  mosaic 
polyvirus,  cowpea  aphids,  cowpea  curculio, 
root-knot  nematodes,  cowpea  weevil  and  para- 
sitic weeds.  New  early  maUiririf:  rultix  nrs  were 
developed  for  hot  and  dr>'  conditions,  e.g.  Em 
al  Ghazaf  and  'Mouride'.  Unfortunately,  im- 
proved cultivars  are  often  short,  ererl.  deter- 
minate types  selected  for  optimal  dry  si  id  pro- 
duction and  less  suitable  for  the  traditional 
leaf  picking.  Wild  Afiican  Vigna  species  have 
been  successfully  crossed  witii  \'ii:nii  ii}tgnicu- 
lata.  Molecular  marlcers  are  bemg  used.  Breed- 
ing work  on  Afirican  vegetable  types  is  scarce. 
Simlaw  Seeds  in  Kenya  ha.s  commercialized 
'Kenduke-l  ,  n  semi-l railing  type  selected  for 
large  leaves  with  an  attractive  green  colour 
and  good  taste  and  that  can  be  picked  for  a 

long  time.  In  Senegal  the  leaf  vegetable  Fuufn' 
with  a  vegetative  period  of  up  to  50  days  was 
selected.  The  Crop  Breeding  Institute  in  Ha- 
rare, Zimb;iiiwe.  selected  dual-iairpo.'^f  culti- 
vars with  high  leaf  and  seed  yield:  the  Zim- 
babwean cullivar  L'higwu  is  specially  suited 
for  use  as  leaf  vegetable  because  of  late  flower- 
ing. Molakh  is  n  dun1-]nir]>osecultivarbredfor 
dry  and  fresh  seed  ])roduction  in  Senegal. 
Breeding  of  improved  cultivars  of  yard-long 
1 11  an  by  backcrosMng  and  pedigree  selection 
has  been  performed  in  .South-East  Asia.  Yield 
is  strongly  correlated  with  pod  length  and  the 
number  of  pods  per  plant.  Resistance  to  bean 
flies  would  be  welcome  but  seems  difficult  to 


achieve.  East-West  Seed  ( Jompany  in  Thailand 
selected  cultivars  adapted  to  a  wide  range  of 
growing  conditions,  e.g.  Aba .  with  early  ma- 
turity (fir si  harvest  lo  days  after  sowing)  high 
yield,  greyish  green  pods  60-70  cm  long,  and 
excellent  market  quality. 

Proqiecta  The  prospects  fm-  \eg(>tal>le  cow- 
pea in  Africa  are  bright.  Apart  from  traditional 
dual-purpose  cowpea  cultivars  (harvested  as 
pulse  and  for  the  leaves)  therc>  is  a  ne(>d  for 
special  vegetable  tj^pes:  as  a  leaf  vegetable: 
dwarf  plants  with  erect  or  prostrate  habit,  long 
vegetative  period,  tender  shoots  and  leaves;  for 
immature  seed;  ilwarf  plants  with  erect  or 
prostrate,  determmate  habit;  and  for  fresh 
pods  about  16  em  long  (replacing  Frendi  bean 
in  hot  lowland  regions). 

As  a  fruit  \<'gt  tal>le.  it  seems  logical  to  rcfilace 
cowpea  by  yard-long  bean,  because  of  its  supe- 
rior yield  and  quality.  Asian  cultivars  diould 

be  tested  on  suitability  for  tropical  .\frican 
conditions  because,  if  combined  with  market 
devek^ment,  yard-long  bean  has  the  potential 
to  become  an  excellent  enrichment  of  the  avail- 
able x  i'tji'tal  'li'  assitft  nn.-nt . 

Major  references  Ehlers,  J.D.,  1997;  Grub- 
ben,  O.J.H.,  1993b;  Hall,  A.E.  &  Coyne,  D. 

(Editors),  2()();V  Messiaen  f.-M.  lOKO;  Ng, 
N.Q.,  1990;  Padulosi,  S.,  1993;  Pandey,  R.K.  & 
Westphal,  E.,  1989;  Pasquet,  R.S.,  1993;  Singh, 
S.R.  &  Rachie,  K.O.  (Editors),  1985;  USDA. 

2n(V2a. 

Other  references  Emechebe,  A.M.  &  Flo- 
rin, D.A,  1997;  Ezedinma,  F.O.C.,  1973;  Fato- 

kun.  C.A..  Danesh.  D.,  Young.  X.D  &  Stewart, 
E.L.,  1993;  IlaU,  A.E.,  Cisse,  N.,  Thiaw,  S., 
Elawad,  H.O.A.,  Ehlers,  J.D..  Ismail,  A.M., 
Fery,  R.L..  Roberts,  P.A.,  Kitch.  I.AV.,  Mur- 
docii,  L.L,,  Boukar  ().,  Phillips,  R.D.  &  McWat- 
ters,  K.H.,  2003;  Kahn,  J.,  1993;  Kay,  D.E., 
1979;  Madamba,  R.,  1997;  Madamba,  R,  2001; 
Mngkokn  C,  2001;  Monti,  L.M„  Murdock,  L.L. 
&  Thottappilly,  G.,  1997;  Nielsen,  S.S.,  Ohler, 
T.A.  &  Mitchell,  C,A.,  1997;  Ouedraogo,  J.T., 
Cowda  H.S.,  Jean,  M.,  Close.  T.J..  Ehlers.  J.D., 
Hall.  A  K..  Cillaspie  A.C..  Roberts,  P  A.  Is- 
mail, A.M.,  Bruening,  G.,  Gepts,  P.,  Timko, 
M.P.  &  Belzile,  F.J.,  2002;  Padulosi,  S.  &  Ng, 
N.Q.,  1997;  Pasquet,  R.S.,  1998  Purseglove, 
J.W.,  1968;  Schippers,  R.R.,  2000;  Sithole- 
Niang.  I..  2001;  Uguru,  M.I..  1996;  Uguru,  M  L, 
1998. 

Sources  of  illustration  Pandey,  R.K.  & 
Westphal,  E.,  1989. 
Aufliora  R.  Madamba  &  G.J.H.  Grubben 
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ZORNIAGLOCUIDIATA  C.Kchb.  ex  DC, 

Protologue  Piodr.  2:  316  (1825). 

Family  Papilionaoeae  (Leguminosae  -  Papilio- 
noideae,  Fabaceae) 

Cluromoaome  iramber  2n  =  20 

Synonyms  Zonua  diphyUa  auct.  non  (L.) 
Pers. 

Vernacular  names  Herbe  mouton  (Fr). 

Origin  and  geographic  distribution  Zoriiia 
glochiffidtd  is  widospronH  in  suh-S.-ihnrnn  Af- 
rica, from  Senegal  east  to  Eritrea  and  south  to 
South  Africa,  also  in  Madagascar. 

Uses  The  leaves  of  Zoriiia  glochidiata  are 
collected  irom.  the  wild  and  eaten  cooked  m 
sauces  with  rice  or  couscous.  Zomia  ghchidiaia 
is  a  good  soil  binder,  e.g.  on  bunds  of  paddy- 
fields.  It  is  considered  a  good  fodder  plant,  being 
of  importance  especially  in  the  Sahel  region, 
although  it  may  cause  bloat  in  cattle.  The  leaves 

nrc  tnkon  as  n  Inxativo.  In  Kenya  rofikcrl  loaves 
are  given  to  childi-en  suffering  from  kwashior- 
kor. In  Congo  sap  from  the  plant  is  used  as  eye 
drops  against  epilepsy,  and  the  root  is  eaten  as 
an  aphrodisiac.  In  Zimbabwe  the  roots  are  used 
to  treat  venereal  diseases,  to  prevent  abortion 
and  to  ease  childbirth. 

Botany  Annual  herb  with  erect  or  decum- 
bent stems  up  to  45(-7U)  cm  long.  Leaves  al- 
ternate, 2-fblio1ate;  stipules  lanceolate,  up  to 
1.5  cm  long,  spurred;  petiole  ().")— 2  cm  long; 
leaflets  lanceolate  to  ovote-lnnceulnte,  up  to  15 
cm  X  1.5  cm,  acute  and  shortly  mucronate  at 
apex,  glabrous  to  pubescent  beneath,  sparsely 
glandular-iHinctate.  Inflorescence  a  spike  up  to 
20  cm  long;  peduncle  1-6  cm  long;  bracts 
paired,  ovate  to  elliptical,  up  to  1.5  cm  long. 
Flowers  hisexua]  p,-ii)ili(ina<tH)us;  calyx  hya- 
line, tube  c.  l  mm  long,  ktlies  r\.  up  to  1..5  mm 
long,  2  upper  lobes  connate;  petals  yellow,  pink 
or  crimson,  often  with  red  veins,  standard  up  to 
6  mm  Icmg;  -stamens  in,  filaments  united  below 
into  a  dosed  tube;  nvaiy  superior  1-celled, 
style  curved.  Fruit  a  jointed  pod  up  to  2  cm 
long,  covered  with  spreading  bristles,  2-S- 
seeded.  Seeds  compressed  renifbrm,  c  1.6  mm 
long,  brown. 

Zomia  is  a  pantropical  genus  of  about  80  spe- 
cies, of  which  l.'i  nrc  n.iti\  e  nnrl  1  introduced  in 
Africa.  Zomia  glochidiata  and  other  African 
Zomia  species  were  long  confused  with  Zomia 
diphylla  (L )  Pers..  which  is  restricted  to  Sri 
Lanka  and  southeni  India.  Probably  other  Zor- 
iiia species  are  used  in  tropical  Africa  as  a  vege- 
table in  a  similar  way  as  Zomia  glochidiata. 
Zomia  glochidiata  plants  wilt  after  the  rainy 


season  and  disintegrate  quickly.  The  roots 
have  nitrogen -fixing  root  nodules. 

Ecology  Zomia  glochidiata  is  common  in 
sandy  areas  with  annual  rainfall  of  at  least  300 
mm  during  the  rainy  season,  it  is  an  important 
component  of  Sahel  and  Sudano-Sahel  grass* 
lands.  Around  drinking  places  in  northern 
Senegal  it  may  form  a  continuous  mat  of  vege- 
tation during  the  rainy  season.  In  East  and 
southern  .Afric;)  ii  occurs  in  grassland,  open 
woodland,  wasielan<l  and  former  cultivation 
areas,  up  to  1800  m  altitude. 

Qenetie  resources  and  breeding  Zomia 
glochidiata  is  widespread  and  common  and  not 
m  danger  of  genetic  erosion.  CLAT,  Call.  Co- 
lombia holds  a  oollection  of  Zomia  germplasm 
including  15  accessions  o(  Zomia  glochidiata. 

Prospects  Zoriiia  glochidiata  will  probably 
remain  a  vegetable  of  minor  importance  only. 
It  is  likely  to  remain  important  as  a  forage  that 

is  j)art  I  r  I  It  I  ■  ti  ;it  ni'nl     -  [.ret  ,il  j.  in 

Major  references  Burkill,  H.M.,  1995;  Di- 
ouf,  M.,  Diop,  M.,  Lo,  C,  Drame,  K.A.,  Sene,  E., 
Ba,  CO.,  Gueye,  M.  &  Faye,  B.,  1998;  Verd- 
court.  B..  2000a 

Other  references  Berhaut,  J.,  1967;  De- 
cary,  R.,  1946;  PAO,  undated  a;  Gelfand,  M., 
Mavi,  S.,   Drummond.   R.R.  &  Xdemei  i  P.. 
1985;  Gillett,  J.B.,  PolhUl,  R.M.,  Verdcourl,  B., 
Schubert,  B.G.,  Milne-Redhead,  E.,  &  Brum- 

mitt,  R.K.,  1971;  Hepper,  F.N..  1958;  Kokwaro 
J.O.,    199;?    Mohlenbrock    R.H.,    19G1;  Sail 
M.M.  &  Ndiaye,  P.,  2000;  Skerman,  P.J.,  1977. 
Authors  Melssa  Diouf 
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Vegetables  with  other  prunary  use 


List  of  species  in  other  cominodily  groups  (parenthesis),  which  are  used  also  as 
vegetable.  Synonyms  in  the  indented  lines.  (21  June  2004) 


Ahi'lniDsrlni.t  ficiiliieit.i  (fibrrs) 
Abelinosckua  inoachaUta  (essential  oils  and 
exudates) 

Hibiacu*  ahelmoschua 
AbtUM prccaloriu s  (medicinal  piaats) 
AblUilon  angulaliiin  (,lil)res) 
Abutilon  longiatspe  (fibres) 
Ahiitiloii  m<ntriltanum  (fibres) 

Favonia  patens 
Acaeia  amythethophytta  (ornamentals) 

Acdcid  iiuH-rolhyraa 
Acacia  bussei  (fi.iel  plants) 
ActKia  drepanolobiuiii  (forages) 
Acaeia  fameaiana  (essential  oils  and  exudates) 
Acavid  Pcchii  (forages) 

Acacia  ciaerea 
Acacia  gerrardii  (fibres) 

Acacia  hchcclinloidi's 
Acaeia  nilotica  (dyes  and  tannins) 

Acaeia  adamonii 

Acacia  ambica 

Acacia  subukiia 
Acaeia  sieberiana  (essential  oils  and  exudates) 
Acacia  tortUis  (forages) 

.  \raria  rarldiaiia 

Acacia  spirocarpa 
Acaiypha  ciliata  (medicinal  plants) 
Acalypha  fniticosa  (medicinal  plants) 
Aralypha  omnia  (niodirinnl  plants) 
Acanthopale  la,\iflora  (omnmrntals) 
Aehyranthes  aspera  (medicinal  plants) 
Acntplla  cniilirhiza  (medicinal  plants) 

Spilanihea  filicaulis 
AemcUa  uUginosa  (medicinal  plants) 

!^pifanl}ips  inbafiicrnsif 

Spilanihea  uliginoaa 
Acroalichum  aureiim  (medicinal  plants) 
Adcuia  cifisawpeloides  (medicinal  plants) 

Atlcnid  i>rdcili.i 

Adenia  guminijera 

Adenia  reiieulaia 
Adeiiid  cllciibcrhii  (medicinal  plants) 
Adenia  lobaia  (medicmal  plants) 

Adenia  mannii 

Adenia  nimici folia 
Aeollaiitlnis  puhi'.-ici'ii s  (sjik  cs  iind  condiments) 
Aerva  jaiajiuu  (uiedicinal  plants) 

Aerva  peraiea 
Aerva  kmata  (medicinal  plants) 


Aerva  leuci I'll  (nvdirinnl  plants) 
AcMhynoniene  nilotica  (forages) 
AfzeUa  afiieana  (timbers) 
Afzelia  Mia  (timbers) 
Afzriid  qiidiizciisis  (timl)ers) 
Agelaea paradoxa  (medicinal  plants) 

Castanola  paradoxa 
Ageratiiin  ronyzoidf.s  ( ntedicinal  plants) 

Ageraium  Iwustonianum 
Albizia  adianthifolia  (medicinal  plants) 
Albiaa  zygut.  (timbers) 

Acacia  zygia 
Albuca  dbyssiiiica  (medicinal  plants) 

Albui  a  u  ulii'fieldii 
Allopli  ylii.s  nibifolius  (medicinal plants) 

Aliupiiyllus  alnifoiiua 
Aloe  buettneii  (medicinal  plants) 
Alov  iiKiiiovdrpa  (auxiliary  plants) 
Aloe  nuUii  (medicinal  plants) 
Aloe  aehumafiirthU  (medicinal  plants) 
Alpinia  zerumbet  (essential  oils  and  exudates) 

Alpinia  speciosa 
Altemanthem  tenella  (ornamentals) 

AUemcmihem  betiziekiaaa 

Alternau  llwm  ficoidra 
Ainaixiiithus  caxt dolus  (cereals  and  pulses) 
Ampelopleris  proUfera  (medicinal  plants) 

Ampelopteria  elegana 

Goniopteria  proUfera 

Hemionitis  proUfera 
Amphiblfiiiinu  innllc  (ornamentals) 

.  \itij}}\i}ili'iiiiiut  rljiiiriii  III 
Amp hib lemma  aetosum  (ornamentals) 
Ajtaeardium  oecideiUale  (finiits) 

Ananas  rnninfiii.t  (fiiuits) 

Aiiaiuis  satii'us 
Arachia  hypogaea  (cereals  and  pulses) 
Ardisin  hum  ilia  (medicinal  plants) 

Aid i sin  solan dcea 
Argemone  mexicana  (mcdicmal  plants) 
Artocarpua  heterophyUua  (finiits) 
Asjxiniiius  rarfiiiosiis  (medic-inal plants) 
Averrhoa  cammbola  (fruits) 
AsocftraeAiauufiea  (auxiliary'  plants) 
Hacopa  moMueri  (medicinal  plants) 
Pdihidca  in.tignis  (ornamentals) 
Balanites  aegyptiata  (fruits) 
Balanitea  giltettii  (fiuits) 
Bambuaa  vuJgaria  (timbers) 
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Barteria  fiatulosa  (medicinal  plants) 
Bauhinia  peiersiana  (medicinal  plants) 
Bauhinia  ptirptirea  (ornamentals) 
Bauhiiiio  i  arirnata  (ornanientala) 
Berrya  africana  (timbers; 

Carpod^jtem  africana 
Blnlapriroii  vcniiiciilaif  (auxiliaiy  plants) 

}*h  iloxenia  vermicuUiris 
BIytlia  fruHculosum  (medicinal  plants) 

Cynmichum  defoUascens 
Rovrhfirifi  rorrincn  (m«Mlicinril  {ilants) 
Boerhai  ia  <JiJ/usa  (medic  inal  plants) 

Boerhavia  africana 

Com  III  iviir/>n  s  (ifi  irdii  ii.i 
Bombax  buunupuzenac  (iibres) 
Bombax  eottatttm  (fSairea) 
Borassus  aethiopiiiii  (fruits) 
Borassiis  flabellifer  (carbohydrates) 
Bora.'isiis  saiiibii  aiwn.'iis  (fruits) 
Boscia  sulicifulia  (medicinal plants) 
Bus(  i<t  si'iiritah'iisis  (&uita) 

Boscia  oclaudra 
Brassiea  Jtigra  (spioes  and  condiments) 
Cadaba  fcaiiiosu  (medicinal  plants) 
Cajamta  cajati  (cereals  and  pulses) 

Cajanua  indieua 
Cajanus  acarabaeoidea  (auxiliary  plants) 

Afylosa  scarabaeoides 
Caiamua  deenxitua  (fibres) 
Calyeobt^ua  afiieatma  (medicinal  plants) 
("it/i/iiin'.-i  deridiia  (spices  and  condiments) 
Cuppui  is  faacicularia  (medicinal  plants) 

Capparia  ekuagnoides 

CapparU  rothii 
Capparis  sepiaria  (fruits) 
Capparis  tomeniosa  (medicmal  plants) 

Copparis  polymorpha 
Capsrlla  hii r.sa-pastiin's  (nir<|ji  in.)I  plnnts) 
Cardioapeniiuin  grandiflomin  (medicmal 
plants) 

Cnrdiospermum  halicacabum  (medicinal 

plants) 

Carica  papaya  (fruits) 
Corpolnbia  nliui  (t  nnbers) 
f  ^(irpolohid  <iliihi  i:srrna 
Carpolobia  lulea  (t  imbers) 
Cassia  javaiiiea  (ornamentals) 

Co,M/V;  (iQiir.s 
Cassia  nodoaa 
Csiha  petiUtndra  (fibres) 

Eriodciidron  an  fracluosuiii 
Celosid  .Hclnt  rin  fit rlliidiia  (medicinal  plants) 
Cellis  lolia  (auxdiury  plants) 

Celtis  integnfoUa 
Cehis  rciihcri  ftimbei's) 
C&ltaurea permllelii  (medicinal  plants) 


Cen  tella  asiolica  (medicinal  plants) 

Hydrocotyle  asiaft'ca 
Cen^gia  fitsifoim  is  1 1  ■  i  u-l  h  )h y  1 1  ra  l  es) 
Chaatnanlhern  dt'pcitdfiis  (medjcinnl  plnnts) 
Chasmanthera  u  elwilachii  (medicinal  plants) 
Cheiiopodium  optiUfolium  (forages) 
Chlamydnrnh;  chlaiiiydantha  (timbers) 

Cola  ch Idin yilmi  Ilia 

Chlniopliyiuni  .siihpetioUjtum  (medicinal 
plants) 

An Iht'iintm  snbpclioldlu  in 
ChryaaiUheinum  coixmariuni  (medicmal  plants) 
Ciehorium  int^us  (stimulants) 

Cis.iiis  finjnilurd  (c-irluih ydrates) 
Ciasua  quadraiigiilai  ia  (fibres) 

Cissus  fiseheri 

Vitis  quadrangulaiis 
Ciaatia  rotundifolia  (fibres) 
Cialanche  phelypaea  (carbohydrates) 
Citmllus  coloiyiithis  (medicinal  plants) 

Colocyiithis  I  iiliidi  in 
Cleinatia  sinieiisis  (medicinal  plants) 
Clerodendrum  vobtbUe  (ornamentals) 

Cocciii  id  dby.'i.siii  icd  (r;irl)(ihydi  ;i1es) 

Cocculus  pendulua  (medicinal  plants) 

Coeos  nueifera  (vegetable  oils) 

Cola  hrevipcs  (medicinal  plants) 

Co/fj  hetorophyUa  (fniits) 

Cola  lateriiiu  (timbers) 

Combretum  adent^gonium  (medicinal  plants) 

Ctiinhn'lii  in  fi  d runs 

Coinbivluin  gliusaUmse 

Combretum  UmifbUum 
Comhrrlinn  gfuimosum  (medicinal  plants) 
Coinhif'liini  nionreantnn  (medicinal  plnnts) 
Coinbretiiiit  padoides  (medicimd  i>l.'>nls) 
Combretum  panieukUum  (medicmal  jilants) 
Cninbrrliini  pfatyptrni m  (nie(ii<-innl  i>lants) 
Combrelum  racemoaum  (ornamentals) 
CommeUna  diffitsa  (forages) 

Cnminrh'iin  iiudiflnra 

Murdaunia  nudiflom 
CoHocarpua  ereetus  (dyes  and  tannins) 
Coiiyza  aegyptiaea  (medicinal  plants) 
CoirlK/nis  drsliidii.i  (fibres) 

Corchoms  aculaiigulua 
Corehoms  ftueieutaris  (forages) 

Cnridiidiit III  saliriini  (spices  and  rnndimcnts) 
Coatua  lucaiuiaianns  (medicinal  plants) 
Crombe  hi^panica  (vegetable  oils) 

Crambe  abyssinica 
Craterispermum  eerinaiUhum  (dyea  and  tan- 
nins) 

Crateva  adansanii  (firuits) 

Ci()t<ildrid  dtrunibriis  (ferasjes) 
Cmtalaria  cylindrocarpa  (auxiliarj'  plants) 
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Crotalxjrifi  filauca  (mcdicinnl  pinnts) 
Crotnlaria  nalalitia  (medicinal  plants) 
Croiai.ii'ni  pallida  (auziliaiy  plants) 

Clotaland  jalrata 

Crolalaria  inucronala 

Crotalaria  atrmta 
Crnfahiria  n'tiisa  (niixiliniT  pinnts) 
Crotalaria  senegalciisis  (Ibrages) 
Cryptolvpia  sanguinolenta(dyeB  and  tannins) 
Cucumis  dUptaema  (medicinal  plants) 
Cy<tmopsis  tclraiinnolaffa  (r(ii';i<:cs) 
Cyatlmla  orthocaiillia  (mcdicinui  planls) 
Cyatiuda  proalrata  (medicinal  plants) 

Cyalhuhi  pcdici'llala 
Cyclusoius  gongylodes  (medicinal  plants) 
Cynogloamm  laneeolalum  (medicinal  plants) 
CypmiS  esciilrnliis  (carbohydrates) 
Cypema  pctpyrua  (fibres) 
Cyphia  glandulifera  (carbohydrates) 
Cyphoinaiidta  betacea  (fruits) 
Dalbrrgia  nilidtila  (timlu-rs) 
DaiiielUa  oliveri  (essential  uils  and  exudates) 
Deloiuxelata  (ornamentals) 
Deaplatsia  dcu  ci  rci  (fi  uits) 
Deaplataia  aubericarpa  (fibres) 
Detarium  microcarpum  (medicinal  plants) 
Detariuin  senegaleiise  (timbers) 
Dialiiiiii  dliild'iiift  (fuel  ]il;ints) 
Dicelluiidra  burleri  (ornamentals) 
Dieliptera  laxata  (medicinal  plants) 
Dinsrnri'ii  iiiiuiitifJnra  ((\'uiinhydrates) 
Dioacorea  odoialiaaiina  (carbohydrates) 

Dioacorea  li^rechtaiana 
Dia.s/iyriKs  nifupilifonnis  (fruits) 
Dniirhns  sriiu  oiu  finihii  (oniamrntals) 
Dolichos  irilobus  (auxiliary'  plants) 
Doridii'va  burgeasiae  (fibres) 

Di  III!  hi'va  dan  I'i 

Doiit  beya  plalypoda 
Doratenia  kamemniana  (medicinal  plants) 

Crati'rogyii  p  ha  in  mm  iaii  a 

Trymalococcua  Imtneniii  ianus 
Dracaena  mamUi  (ornamentals) 

Dracaena  perroUetii 

Dracacii a  ii saw  hn rciiais 
Dregea  abyssiii  ica  (ornamentals) 
Drimia  indiea  (medicinal  plants) 

Srilfa  ill  (lira 

Urginea  mdica 
Drymaria  eordata  (medicinal  plants) 
Dyp.iLi  drripieiis  (ornamWltels) 

Clirysalidocarj)iis  drcipicns 
Dypsi^  inadagascarieiisis  (timbers) 

ChryaaUdoearpua  elemcma 
Dypaia perrirri  I'f'ilu-cs) 

Chryaalidocarpus  auriculalus 


Dypxis  pinnatifrona  (ornamentals) 

Dypsis  gracilis 
Dyf>!ii^i  taiialcn.si.s  (fibres) 

.V( '( «  /  \7).s  f'.s  Ian  a  I (VI  sia 
Dypsis  ulilia  (fibres) 

Vonitra  utilia 
EchinorJdna  ro/o/ia  (forages) 

Panicum  colon  ii  in 
Echinochloa  cnis-galli  (forages) 
EcUpta  proatrata  (medicinal  plants) 

Kriipla  alba 
Ectadiopnis  oblongifolia  (fibres) 

Cryplolepia  nigritmut 

Cryp  lali'pis  oh  If)  ngifo  h'a 
Eiehhoniia  crasaipes  (auxiliary  plants) 
Ekteia  guiiteaiaia  (vegetable  oils) 
Eleiisiiie  coracana  (cereals  and  pulses) 
Embelia  aehimperi  (medicinal  plants) 
Emilia  aonchifolia  (medicinal  plants) 
Enaete  ventrieoaum  (carbohydrates) 

Eii-fcfc  i'diile 

Muaa  ensele 

Muaa  ventrieoaa 
Elitada  ilircdci  (fibres) 

ElUada  pursaetha 
Entavlobuim  cyclocarpum  (ornamentals) 
Enydra  fluctuana  (spices  and  condiments) 
Eri'inoinasUsx apeciosa  (medicinal  plants) 

Ereinuincutax  polyspenna 

PaulowiUielmia  apedoaa 
Erinsritia  t;hnnrratiiin  (meilirinnl  plants) 
Erio.sfina  huireiUii  (medirinai  plants) 
Erylliriua  fiiaca  (auxiliary  plants) 

I  r  .  thrinaglauca 
Erythn'iia  varicgata  (auxiliary  plants) 

Erylh  riiia  indica 
Erythrococca  menyharUi  (fnnta) 
Ellingera  elafior  (ornnmcnt  .il-i) 
Euadenia  tri/oliolala  (medicinal  plants) 
Euphorbia  halaamifera  (ornamentals) 
Extphnrhia  liiila  (mt  dicinal  plants) 

Chamaesyce  hiria 
Euphorbia  pulcherrima  (ornamentals) 
Fadogia  civiihoii  ahii  (fruits) 
Ffii'iia  a/)(>dan ilii'ra  (medicinal  plants) 

I'eielia  caiilJiioidea 
Ferula  eommunia  (medicinal  plants) 

Pirns  caprcifolia  (fiVn  cs) 
Ficua  dvcratioatyla  (ornamentals) 
Fieua  elaatiea  (ornamentals) 
Fieua  glumoaa  (dyes  and  tannins) 

Ficiis  stolid evi 
Ficus  ingcns  (auxiliary  plants) 

Ficua  katagumica 

Ficus  hainiri 
Ficua  mucuso  (ornamentals) 
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Ficus  su  r  (timbers) 
Ficua  capensia 
Fteu9  mallolocarpa 

Finis  ripiin'ii 
Ficus  sycoiiioius  (li  uils) 
Fieus  gnaphalocarpa 

Finis  rallis-rhntiildi-  (fruits) 
Flacourlia  indica  (fruils) 

FlacouHia  fl€we9cena 
Fhvuingia  macrophyUa  (auxiliary  plants) 
Fofiiiniliim  nili;an'  (si>i(«8  and  condiments) 

,  \nethum  foeiiicuUiin 
Gaertnem  pameulata  (timbers) 
Girnvdinia  dii  crsi folia  (fibres) 

Gimrdinia  condeiiaata 

Girardinia  heterophylla 
Glimis  loloidex  (medicinal  plnnts) 
Gliniia  opposilifoUua  (medicinal  plants) 
Gliricidia  aepiuin  (auxiliary  plants) 
Globimetula  brauaii  (medicmal  plants) 
Gloaaoiiemn  hoicdiiiim  (forages) 

Glosaonema  nubicuin 
Glycine  inctx  (cereals  and  pulses) 

Sojd  hi.'<i)i(hi 
Glyphaea  hm  is  (auxUiatj' plants) 
Goinphocdi/His  frutieoaua  (fibres) 

Am  li'pius  decipiens 

.  \.ic Irpidti  fnilirnsa 
Guinplnviia  glubusa  (omuinentals) 
Gongranema  k^blmm  (medicinal  plants) 

.1  fa  rsd<'ii  in  }  ail  folia 
Gouania  longiapicata  (medicmal  plants) 
Grangea  maderxupatana  (medicinal  plants) 
Grewia  bieolor  (timbers) 
Greii  in  hrttnnpa  (niodirinal  plants) 
Grewia  ca  i pi ii  i folia  (forages) 
Grewia  hookerana  (medicinal  plants) 
Grewia  m  oil  is  1 1  i  m  1  >ors) 

Grewia  pubeacens 
Grewia  tenax  (fixiits) 
Ciiiera  ftnu'gnlmsin  (nifdirinal  plants) 
Guizotia  abyaainico  (vegetable  oils) 
Gymnema  aylveatre  (medicinal  plants) 
Heinaia  criniia  (fruits) 

Hfiiisiii  pii  Irlu'lla 
Ileliolropium  zeylaiiiciiin  (medicmal  plants) 

HeUotropium  mbulatum 
Hcicrotis  ratii'srnis  (medldnal  plants) 

Diaaotia  cauescciis 
Heterotis  rotundifolia  (medicinal  plants) 

Diaaof i.H  rotund ifol ia 
ilihisni.'i  dii  rrsif'iliii.s  (fil)n's) 
Uihiscus  ludu  igii  (fibres) 
Hibiaeua  hmariifoUua  (fibres) 

llihisrit.t  iiiicntiilhtis  (filircs) 
Hibiscus  paiiduri/orini-s  (fibres) 


Ilibiscus  physaloides  (mcdicinnl  plant  s) 
Hibiscus  roaa-sinensia  (ornamentals) 
Ifihi.sni.s  rostfllaius  (medicinal  plants) 
Ilillfriii  latifniia  (nn^difinal  ]»l;ints) 
Hydrocotyle  bonariensis  (auxiliary  plants) 
Hydrocotyle  aibthorpitfideg  (ornamentals) 
Hygrophihi  aiiriculata  (medicinal  plants) 

Hygrophila  apinoaa 
Hyphaene  coriacea  (carbohydrates) 

Ilyphame  h ildobrandtii 

Hyph  (inn-  mil  ah  'iiaie 

Hyphaene  ska  tan 
Hyphaene  erinita  (firuits) 
Hypli'ii-iir  pi'lfraiana  (carbohydrates) 

Hyphaene  benguellenais 

Hyphnene  venirieoaa 
Hyphaene  thebaica  (timbers) 
Hypoeates  ecaieellata  (medicinal  plants) 
Hypoeatea  forahaolii  (medicinal  plants) 
Hyptis  pectinala  (medicinal  plants) 
Hyptis  NiKin'ofi'iis  (nu'dic  iniil  plants) 
Jntpaliens  balsainina  (ornamentals) 
Imptitiena  aakerana  (ornamentals) 
Indiiiofi'ni  (invctii       s  and  tannins) 
Ipomoea  alba  (ornamentals) 

Qdonyeiion  euuleatum 
Ipomoea  batatas  (carbohydrates) 
Ipomoea  cairiea  (ornamentals) 

Ipomoea  pahnata 
Ipomoea  involucraia  (auxiliary  plants) 
Iponi'irii  j>cs-citpr<ic  f.tvixiliaiy  plants) 
Ipomoea  purpurea  (ornamentals) 
Ipomoea  quamoclit  (ornamentals) 

Quamoclil  pniuata 
Isnherlinia  tninen  tosa  (timbers) 

Isnberlinia  dalzielii 
I.wiihmsa  laHea  (medicinal  plants) 
Jaamintiiii  flini>i iini.fr  (nrnamentals) 

Jaain inu  m  m  au  rilianu  m 
Juneus  risfidtts  (fibres) 
Kedrostis  foelidissima  (medicinal  plants) 
Kleiuhovia  hospita  (ornamentals) 
KosteUtskya  grantii  (fibres) 
Laccosperma  aecundiftoru  lu  (fibres) 

An ri.it rophylhi in  .teni n d ip oni in 
Launea  acida  (medicmal  plants) 
Lannea  microcarpa  (fibres) 
lAiporlea  nestuans  (fibres) 

Fleurya  aeatuana 
Laaianthera  afrieana  (medicinal  plants) 
Leptttd&lia pyroterhnica  (fuel  plants) 
Leiicoeiia  e.snilnita  (ornamentals) 
Leucaeita  Icucocephala  (auxiliary  plants) 

Leucaena  gUmca 

Leticas  iiuirtlnicntsifi  (m<>difinal  plants) 
Limonmm  siuualum  (ornamentals) 
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Lobelia  aiiceps  (medicinal  plants) 
Loeseneriella  clemaioides  (fibres) 
LoiuariopsLt  gitiiwcuiiin  (medicinal  plants) 
Loll rli oca rpiifi  laxifliini.s  (dyi  N  and  tannins) 
Luduigia  alolonifera  (forages) 

Jufsiaea  repens 

Ludu'igia  aciscriidens 
Luffa  cyliiidrira  (fibres) 

Luffa  acgypiiaca 
Lycium  euTopateuw  (foraRoa) 
Lygodiii III  iiiivvvpliylliim  (ornnmcnf als) 
Maema  angolensis  (medicinal  plants) 
Maema  erasaifolia  (timbers) 
Maema  pseiidoju'iafo.sa  (medicinal  plants) 

Courboaia  virgata 
Maeta  laneeolata  (medicinal  plants) 
Maeao  nil  da  (medicinal  plan)  s) 
Malva  pan  iflora  (medicinal  plants) 
Mangifem  indica  (fruits) 

Fegimanra  africana 
Mamliot  esciifciitd  (carbohydrates) 

MaiiUiol  utiliJisiiiia 
ManUua  ^aziovii  (essential  oils  and  exudates) 
Mariaat.s  mhroiinetus  (medicinal  plants) 

Cypenis  distaiis 
Maytenua  arhutifolia  (auxiliarj'  plants) 

.1  laytenua  terrata 
Muytvinis  .ipiicgali'iisis  (timbers) 

Uyiit  n  uspui  ia  aeiiegalenais 
Maytmus  undata  (timbers) 
Me^dpli rvniti in  in acrostachyii in  ( fibres) 

Sarcophryniuin  arnoldianum 
Melanthera  acandens  (medicinal  plants) 

Melon  lliera  hwu  nei 
Melnslninasiniin  nfzelii  (ornamentals) 

Diaaotis  paiicistellata 
Mdiaasedarach  (timbers) 
Mcrrrini'a  iiinhcVuta  'riuxilinrv  plants) 
Mkrodesmis  pitbeiula  (medicmal  plants) 

Microdesmis  zenkeri 
MiciosiUissa  afzelii  (mnrlirinal  plants) 
Mikania  chcmUfii  (metlicinal  plants) 
Mikanm  sagillifna  (medicinal  plants) 

Mil;ania  scandena 
Molliiiin  rrn  iaini  (forafies) 
MoUugo  nudicaulia  (medicinal  plants) 
MoUugo  pmtetphyUa  (medicinal  plants) 

Moinnrdica  cissoides  (medicinal  plants) 
Alondia  whilei  (medicinal  plants) 
Moms  alba  (forages) 
Mucuna  pmrimB  (auxtliaty  plants) 

Miiciiiin  atcrrima 

A I  it  can  a  cochin  ch  in  ieiiaia 

Mueuna  nivea 

MitciiiKi  sltxiiii'i  (ilycs  and  tannins) 
Muaaaenda  arcuala  (medicinal  plants) 


Muaaaenda  landolphivides  (ornamentals) 
Myrianfhiis  lihericua  (fruits) 
Myrianlliii.s  .•n'rratua  (fruits) 
Neouolonia  n  ightii  (forages) 

Glycine  n  ightii 
Neorauhmenia  miiia  (medicinal  plants) 

NwTOUtoiirn  in  psi'ii (Inparfi yrli  i:a 
N^hrolepis  biaerralu  (ornamentals) 
Neptunia  oleracea  (medicinal  plants) 
Neuropeltis  ncuininata  (fibres) 
Nicandra phyaalodcn  (fruil s) 
Normcuidiodmdinn  romii  (l  imbers) 

Leotmrdoxa  romii 
Nyinphaea  loln^i  (carbohydrates) 
Nymphaea  nouchali  (carbohydrates) 

Nymphaea  eaemla 

Nymphaea  etMUmUta 

Nymphaea  capenns 
Nymphoideg  itidica  (ornamentals) 
Ocimum  amerieanum  (essential  oils  and  exu- 

ilates) 

Uciinuin  cauum 

Ocimum  graveolena 
Oeimuni  busilicuin  (spices  and  condiments) 
Ocimum  graiiaaimum  (essential  oils  and  exu- 
dates) 

Ocimum  suave 

Ocim  u  m  ii  riicifoUum 

Ocimum  viride 
Oldenkmdia  eorymbosa  (medicinal  plants) 

C Hdrn  hmdia  caeapitosa 
Oldenlandia  kmci^Ua  (medicinal  plants) 
Opilia  amentaeea  (medicinal  plants) 

Opilia  celtidifoUa 
Optintia  ficiifi-indica  (fruits) 
Ormocarpum  hirhii  (medicinal  plants) 
Osmiinda  regalis  (ornamentals) 
Olti'liii  iih  ifolid  (mi'(]i<-inal  plants') 
Uxaiis  antlielmintica  (spices  and  condiments) 
Oxalis  comumJata  (medicinal  plants) 

Oxalis  rod i man 
Oxalis pea-caprae  (spices  and  mndiments) 
Oxytenanthera  abyssinica  (timbers) 

Oxyli'iKin  lliera  borzii 
I'dchii  ii  Liliilna  (v(> pet  able  oils) 

Boinbacopai^  glabixt 
Paehyrkizua  eromt  (caibohydrates) 
Pdiieraliii ni  Iridiilliiiin  (ornamentals) 
PoiidaiMa  ulilia  (fibres) 

\^nsonia  utilis 
Panicuin  hirgidum  (cereals  .unl  jailaes) 
Piii  hid  biiffohoaa  (s|>iees  and  condiments) 

Miinosu  biglobusa 

Parkia  afriemia 

Pal  In  (I  chijipfrUm  inn  a 
Parkia  filicoidea  (limbers) 
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Parkuiaonia  aciileata  (auxiliniy  plants) 
Passiflora  quadraugiilaris  (fruits) 
I'ai  Hla  cr(MM/)e«  (medicinal  plants) 
f'l'iniisi'tinn  pnri>iirrii ni  (for.iijps) 
Penladiplundra  brazzeaiia  (medicinal  plants) 
Peperomia  pellueida  (medicinal  plants) 
Pcpoiiiiiii)  r  of,''7r;  ffruilsl 
Pergularia  dacinia  (medic  inal  plants) 
Pericop»i»  Itvdfloro  (timbers) 

Afi-nrniosia  la.\iflora 
Phascnlits  acullfoliiis  (cerenls  .'ind  [<ulses) 
PhaseoUia  lunalus  (cereals  and  pulses) 
PhaulopMi  imbrieaia  (medicinal  plants) 

Pliiiiiliypsis  loiigifnlin 

Pliauhpsis  parviflora 
Phoenix  reelinata  (fibres) 
Phylloslachys  niirca  (ornamentals) 
Phyaalis  angiilata  (medicinal  plants) 
Phyaalia peivt  iaiut  (fruits) 
Phytolacca  dodi'i'inil  I  a  (medicinal  plants) 
PHiiistis^uiu  iiiululniricti III  (frsi-ntjea) 
PUiosiigina  thonningii  (fibres) 

Bauhinia  thmnitigii 
Piper  umbeUabim  (medicinal  plants) 

P^r  subpeltatum 

Pothomorphe  unAellata 
Piatia  atratuOes  (spices  and  condiments) 
Phil'iMfniiia  nfn'ratnint  (nicdiciniil  plants) 
Plicuaepalus  ataciae  (medicmal  plants) 

LoTxaUhua  acaciae 
Pnly^aht  pri-.sioin'ifniia  (nu'dinnnl  plants) 
Polygonum  buibaium  (medicinal  plants) 
PoriiflacaTia  afra  (ornamentals) 
Poitzohia  iiiixia  (fibres) 

Pnitznlzia  liypnhvtrn 
Prosopis  africana  (timbers) 
Proaopis  glandulosa  (auxiliary  plants) 
Prn.ini)is  jiiliflnrn  (nvixilian,'  plants) 
Protea  inadienaia  (tmibers) 

Proiea  argyrophaea 

Protea  tXUol  til 
Psetidemnthemuni  luiiicaluin  (medicinal 
plants) 

Pseiideniiitln'iiiuiii  uigritamim 
PseiidogtutphaUum  luteo-aUfum  (medicinal 
plants) 

Gtu^halium  htteo-<Ulmm 

Psyrhotrid  ralrti  (juixiliary  plants) 
Paydlux  livida  (tunbers) 

Catitiittim  huiUense 

Catithium  Uvidum 
PU'mcdvpus  iudicua  (timbers) 
Plerocaipus  lucena  (timbers) 

Pteroearpus  abyaamieua 

Plrrocarpiis  santaliiioidrs  (timbers) 
Puerariu  lobala  (auxiliary'  plants) 


Pit  era  ria  t  hii  n  bergian  a 
Piniico  gran  alum  (fruits) 
Piipalia  lappacea  (medicinal  plants) 

Pupa} id  (ilnipiirpiircn 
Ranunculus  niullifidua  (medicmal  plants) 
Raphia  farinifera  (fibres) 

EapiUarttffia 
Raphia  hookcri  (fibres) 

Raphia  gigantea 

Raphia  aaasandrcimis 
Rapliioiincmi'  hiiigcri  (carbohydrates) 

Drachyslfilnia  bingeri 

Raphionaemt  daronii 
Rhabdophylliim  affiiie  (omamentals) 

(Juratea  affiuia 

Ouratea  mynanatra 
Rogeria  adenophylla  (essential  oils  and  exu- 
dates) 

Rwrea  coccinea  (medicinal  plants) 

^raoccapua  cocci  n  cus 

Byr.ii>c(irpii!i  dinldtiaci 

Byrsocarpua  poggeaiiua 

Byraoearpua  viridia 
Rourea orientalis  (medicinal  plants) 

Byraocarpus  orienlalia 

Dalbergia  tingeiia 
Roystoiii'a  regia  (ornamentals) 

f  )rco(li>Xit  regia 
Ruelliu  pruelerniiaau  (medicmal  plants) 
Rumex  criapiia  (medicinal  plants) 
Riitiii'x  lien  nxiis  (medicinal  plants) 
Rumex  usambarenai^  (auxiliaQ'  plants) 
Rungia  cotigoenaia  (spices  and  condiments) 
Rungia  grandia  (medicinal  plants) 
Sarrhanim  spotitaupiim  (auxiliary  plants) 
Salvadora peraica  (fruits) 
Samca  indica  (ornamentals) 
Sarcoatemma  vimimdr  (medicinal  plants) 
Sclerocarya  biri-ea  (fruits) 

Poupartia  birrea 

Poupartia  caffra 

Sclerocarya  caffra 
Senna  burapaularis  (omamentals) 

CasH  ia  b  icap  sulari.t 
SrniKi  hir.siiia  (auxiliary  plants) 

Caasiu  liirauta 
Senna  ikUiea  (medicinal  plants) 

Cassia  ilalira 

Caaaia  obovala 
Senna  oeeidentalia  (stimulants) 

Ceuaia  occidental  is 
Senna petersiaii a  { medicinal  plants) 

Caaaia  petersiuna 
Senna  aiamea  (fuel  plants) 

Cati.'iia  .liainca 
Senna  aingueana  (medicinal  plants) 
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Cassia  fioratensis 

Cassia  siv^ieana 
Sen  no  St,  j  I  h .  r .  /  (medicinal  plants) 

Cassitt  si)j)lu'rn 
Senna  aurattensis  (ornamentals) 

Cttsaia  mrattenaia 
Si'.iaiii  nth  am  ti  u  .s  hu  ssraii  ii.i  ( m  od  i  nnal  plants) 
Seaaniuni  indicuni  (vegetable  oils) 

Sesamum  orientale 
Sesbania  grandi flora  (ornamentals) 
St'sl>ani(i  si-slmii  I  auxiliaiy  plants) 

Sesbania  aegyplim-a 
Setaria  palmifoUa  (forages) 

Si<hi  tilhd  (fihrcsl 
Sinurundiiiaria  alpina  (timbers) 

Amndiitaria  tdpina 
Smilax  ancepa  (medicinal  plants) 

Sniilax  krmisaiana 
Solanecio  angiilatua  (medicinal  plants) 

Craaaocephalum  bojeri 

Semviu  bojeri 

Solanecio  gabouicus 
Solanum  ineanum  (medicinal  plants) 

Suldiniin  bojeri 
Solanum  manimosum  (ornamentals) 
Solanum  nigrum  (medicinal  plants) 
Solanum  tuberosum  (carbohydrates) 
Sparganophorua  aparganophora  (medicinal 
plants) 

^MirganophoTus  mUkmtii 

St  ni  rh  ill  III  sparganophoni 
Sphenostyiis  marginota  (carbohydrates) 

Sphen  ostylia  erecta 
Sphenoatylis  scliii  eiufiirthii  (carbohydrates) 
Spondias  cylherea  (^its) 

Spondiaa  du  lcis 
Stachytarpheta  jamaicensis  (nuxiliaiy  plants) 
Sterculifi  appendiculata  (timbers) 
Sterculia  tragacantha  (essential  oils  and  exu- 
dates) 

Strui>linnfhiis  niirabilis  (rarbnhydrnlcs) 
StrophanUlua  preusaii  (medicinal  plants) 
Strychnos  apinoaa  (fruits) 
Stylot  lKielon  lancifolius  (carbohydrates) 
Synij)hyliiiii  offirinalc  fm<Mbcin;il  plnnls) 
Synaptolepi^  allernifolia  (medicinal  plants) 
SynedreJla  fiodiflora  (medicinal  plants) 
Tacazzea  apieuiata  (essential  oils  and  exu- 
dates) 

Tacea  leontopetaloidet  (carbohydrates) 

Tarra  imohicrala 

Taccti  pill II uti/iila 

J  uvea  iiinhrantin 
Teunarhidua  indica  (fruits) 
Tardxacinii  nfficiiHilc  (iiir-ilirinjil  [)Iants) 
Telfairia  pedata  (vegetable  oils) 


Am pelnsycins  .irandeiis 
Tephrosia  purpurea  (auxiliarj'  plants) 
Teramn  ua  labioUa  (auxiliaiy  plants) 
Trrniinohii  niarroplem  (HiiiIuts) 
Tetracarpidium  conophoruin  (truits) 

nikenetia  eonophora 
Tetracrra  alnifnliri  (moHicinal  plants) 

Telracera  podolricha 
Themeda  vUloaa  (ornamentals) 
Thesprsia  pnpulnea  (timbers) 
TbuidyfVi^ui  (ihtia  (ornnmen)  als) 
Thunbergia  grandiflora  (ornament  <ils) 
ToiumefiaiJUt  argentea  (medicinal  plants) 

Argil  sin  nrgcn  lea 
Treculia  ajricana  (fruits) 

Treculia  madagaacarica 

Treculia  mollia 

Treculia  perrieri 
Trenia  orienlalia  (auxiliary  plants) 

Trema  guineenaia 
Ti-il'iilii.i  cistniiit's  (nKMlii-inal  plants) 
Tricliilia  lessniunnii  (limbers) 

Triehilia  lanata 

TrichiUa  mildbruedii 
Trichodesma  zeylanicum  (medicinal  plants) 
Trielieeraa  longepeduntulatum  (medicinal 
plants) 

Worni.'ihitiblia  longepedunculafn 
Trigonella  /oenum-graecum  (spices  and  condi- 
ments) 

Tril^mum  madagaaammae  (fruits) 
Bnsqueia  mgolenaia 
Bosqueia  boiviniema 
Boaquma  phoberoa 

Triiimfetta  cnrdifolia  (fibres) 
Triumfetta  rhomboidea  (fibres) 
Tropaeolum  (ornamentals) 
Tylnphora  glaura  (medicinal  plants) 
Tyloaema  jasaoglenaia  (cereals  and  pulses) 

Bauhinia  fitsat^fenais 
Typhn  angiiatifnlia  (fibres) 
Typha  doniingenaia  (fibres) 

Typha  auatralis 
Typha  clcpiuinlina  (fibres) 
Typhnn  in ni  Irilohatii  ni  (earliohydrn I  es) 
Typhonodorum  lindleyanum  (carbohydrates) 

Typhonodomm  madagaaearimae 
Urena  lobatn  (fibres) 
Valliaiieria  apimlia  (ornamentals) 

VaUianeriaaetkiopiea 

VerWMiacinerea  (medicinnl  plants) 
Vernonia  vulorala  (mcdic-inMl  jihintH) 
Vernonia galainensi^  (vegetable  oils) 

Vernonia  paueiflora 
Vernon  id  niyrianlha  (medicinal  plants) 

Vernonia  ampla 
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\  'ernonia  podocoina 

\'ernonia  atipulacea 

Vernonia  nubiiligera 
\'rrn(iiiiii  iilsiiiliaiia  (moHicinal  plants) 
VevHouia  pumila  (medicinal  plants) 
Vemania  thomaoniana  (medicinal  plants) 

1 1'riKHi  id  polu'Qiiiii  ii 
\  'i£ua  adenauUia  (cereals  and  pulses) 

Phaaeolus  adenanthus 
Vigna  anMirensis  (cnrbohydrates) 
Vigna  iinirili.s  (fornges) 

\  igna  inultiflora 
Vigiia  maritia  (forages) 

\  igna  ohhnigd 
\  igiia  nidiala  (cereals  and  pulses) 

Pheueobia  aureus 

Phaseolm  radUUua 
Vigna  retieulata  (forages) 
Vigna  umbellata  (cereals  and  pulses) 


Phaseobis  calcnmlus 
Viola  abyasinica  (medicinal  plants) 
ViteUaria  paradoxa  {wgot  able  oils) 

BiUyrn.spmn  ti  in  n  iloticii  in 

BlUyrospenn  u  in  pa  rad oxuin 

Butyroapermum  parkU 
\  'ilp.Y  don  inn  a  (  I  i  mbers) 

Vitex  cieahowahii 

Vitex  cuneata 
\V(iil>iirgiaugandensis  (fui  I  I'lanisi 
11  illiania  sownifcra  (mt'dicinal  {ilants) 
Xnnthosoma  aasillifolitiin  (carbohydrates) 

XaiUhoaoHut  nurfaffd 

Xtintho.sonid  l  ioluci'ii in 
Zaleya  penlandm  (forages) 

Trianthema  pmtandra 
Zanthoxybim  chalybeum  (medicinal  plants) 
Zea  mays  (cereals  and  pulses) 
Zoniia  latifolia  (forages) 
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Acrocephalus  lilacinus,  310 
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Allium  pornim,  41.  42 
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Allium  salii  iim,  56.  jj^ 
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Altcrnaiitlicra  mariliina,  iil 

Altcriinnlhern  iindi/lora,  OA 

Alternantlwra  aeasilia.  62.  £2 

Alleriiaiithcra  scsailis  var.  tiodiflora, 

Amaniiithua  angiiatifolius.  Ifi 


Amanvilhus  blilum.  63.  g.5.  74.  82. 
Amaifjiifhus  caudahts,  Qii 
Amaranthus  cnienliis,  67,  ^.9  7H 
Amaranthua  deflexua,  811 
Amamn  fhua  diihiiia,  72  7.?.  82 
Amaraiillius  gangetictia,  84 
Ainaranfhua  grarilia,  88. 
.4//ia7t//i  //»/ »  graeci:ana.  76  84. 
Amaranthua  hybridua,  67,  70.  74.  78.  la 
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Amaranthua  hypochondriacua.  69.  28. 
Amaranthua  lii  idua.  63.  65 
Amaninthua  oleraceua,  fiH 
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Amaranthua  thunbergii  77  83 
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Amaranlhus  viridia.  fifi. 
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/\j}ium  nodiflonun,  LLL 
.(4;wo  o/6o,  285 
i4recfi  IV  bra,  311 
An  an  Pin  a  Ion  gi  folium , 
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Arthrocnemum  indicum,  310 
Arihi'ocnemum  pachyatachyuin,  452 
Asparagopaia  flagellaria,  £14 
Aaparagua  aelhiopirna,  2S 
Aaparagua  africanua,  94,  25. 
Aaparagua  flagcllaria.  94. 
Aaparagua  laririnua,  liS. 
Aaparagua  officinalis,  94.  95,  95.  ^ 
Aaparagua  pauli-guilelmi,  fiA 
Aaparagua  auavenlena,  iiii 
Aapleniuiii  proliferum,  288 
Aatragalua  abyaainicua.  llil 
Aalragalua  atmpilnaulua,  2S 
Aayala^ia  buellneri.  102 
i-l.sva/fM/Vi  calyciita,  102 
Aayalaaia  coixiinandeliana,  100 
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Asystasia  dryadum,  102 
Asystasia  gangeiica,  100.  101 
Asystasia  inysoiviisis,  100,  102. 
Asystasia  rostrata,  102 
Asystasia  schimperi.  102 
Athyriiiin  accedeus.  '-jKH 
Azadirachta  indica,  101 
Hacchnroidcs  valvoana,  540 
Bartris  gasipaes,  iii 
Barlpria  broivnii,  103 
H<nicna  opaca,  103 
Barrou  ia  ja,<iminifloi-a,  40fi 

Fkisalla  cordi folia,  10:^ 
Basella  hicida,  lO:^ 
Hasi'lla  rubra ,  1 0.'^ 
Begoiiixj  auririilala,  100 
Begonia  elaloateininoides,  100 
Begonia  eniinii.  1 00 
Begonia  fusialala.  100 
Begonia  hirsutitla.  100 
Begonia  homoensia,  100 
Begonia  inacrocarpa.  Iflfi 
Begonia  sciapliilu,  100 
Begonia  scutifolia.  100 
Begonia  sessilifolia.  100 
Benincasa  cerifera.  107 
Benincasa  hispida,  liLL  Ml 
Bi'/a  inacmcarpa,  1 1 1 
Bf/o  patula,  1 1 1 
Be/o  vulgaris.  110.  ill 
Bidens  bipinnata,  113 
Bidens  bifernata,  1  11 
Bidens  leu  cant  ha.  1 14 
Bidens  pilnsa.  114.  Hfi 
Bidens  pilosa  var.  bipinnala,  112. 
Bidens  schimperi,  118 
Borassiis  aelhiopu  w ,  1 10 
Boixissus  f label  lifer.  1  IS 

Borassus  flabellifer  var.  ntadaga.'icariensis,  1 IH 

Borassus  niadagascariensis,  118 

Boixissus  sawbiinnensis.  I  Ifl 

Brassica  canipestris,  1 40 

Bmssica  carinata,  119  /g^  125.  131.  2aa 

Brassica  chin  en  sis,  148 

Brassica  integrifolia  var.  carinata,  1 10 

Bmssica  mncea.  119.  120.  121.  123.  7^5.  128. 

131.  147.  2111 
Brassica  napus,  120.  125- 127.  /^A  131. 112- 

297 

Bi-assica  nigra.  110.  121.  123.  124.  Ml 
Btxissica  oleracea,  119.  120.  121,  127.  130.  297. 
IM 

Brassica  oleracea  (Brussels  sprout  s),  143 
Brassica  oleracea  (cauliflower  and  broccoli), 
139  /.//J 


Brassica  oleracea  (headed  cnbbape),  135.  1^ 

Brassica  oleracea  (kohlrabi),  144.  /  /^ 

Bmssica  oleracea  (leaf  cabbage),  130,  /.^^ 

Brassica  pafachinensis,  14H 

Brassica  pehinensis.  148 

Brassica  rapa.  12L  IMi.  121. 128^  129^  146. 

7 ^r.  297.  Ml 
Brassica  schimperi.  297 
Biicholzia  maritima,  ILL 
Cacalia  coccinea.  292 
Callipteris  accedens.  288 
Callipteris  protifera,  28X 
Canavalia  africana,  153,  lf>4 
Canaialia  en  si  form  is.  152.  153.  151 
Canavalia  gladiata.  151  /a.? 
Canavalia  virosa.  1  ")3 
Cannabiis  saliva,  354 
Capsicum  annuum.  1S4  155,  7.^7 
Capsicum  baccalum.  155.  102 
Capsicuni  chin  en  se,  154.  155.  150,  158 
Capsicum  frutescens,  154.  155,  15& 
Capsicum  puhescens.  155 
CamUuma  acutangula.  103 
Caralluma  edulis,  Ifii 
CainUuma  gracilipes.  103 
Camiluma  longidens.  103 
Caralluma  mouretii,  103 
Camiluma  penicillata,  103 
Camiluma  vittata,  103 
Cardamine  hirsuta,  Ifil 
Catxianiine  trichocarpa.  164 
Cassia  obtusifolia.  459 
Cassia  torn.  459 
Cay lu sea  abyssinica.  165 
Caymlia  debilis.  165  Ifil 
Cayratia  gracilis.  166^  2ia 
Cayratia  trifolia,  100 
Celosia  argen  tea,  167.  Ifi^ 
Celosia  cristata.  109 
Celosia  digyna,  171 
Celosia  globosa,  172 
Celosia  isertii.  1 72 
Celosia  la.va.  171 
Celosia  leptostachya,  1 72 
Celosia  pseudovirgala.  1 72 
Celosia  Irigvna,  171, 
Cephalandm  sessilifolia.  205 
Cemtognniim  alriplicifolium,  400 
Cemtogonu  ni  cnrdnfanum,  407 
Cemtogonum  sinualum,  407 
Cemlonia  siliqua,  401 
Cemlopferis  cornuta,  1 73 
Cemlopteris  richafdii,  1 74 
Cemlopteris  fhalictroides,  173  7  7.;^ 
Cemlolheca  melanosperma.  1 75 
Cemtotheca  sesamoides.  175  77f).  400 
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Cerntotheca  irilnha,  1 7fi 
Cerceslia  cameninensia.  !  77 
Cerceslia  mirabiiia.  177 
Ceropegia  cordiloba,  1  7H 
Ceropegia  miilfiflora,  178 
Cei-opejiio  papillnta.  178 
Chenopodinin  album,  178  /Zg.  ifiQ 
Cheiiopodiiiin  aiiiaraiilicolor,  1 79 
Cltpnopodiiiin  gigntiteiiin,  1 79 
Chenopodinin  mil  rale,  179.  180 
Clwnopodiiim  opiili folium,  180 
Chenopodinin  qiiiiioa,  1 79 
Chrvaalidocarpua  baroiiii,  290 
Chryaalidocaipua  fihroaua,  '291 
Chryaalidocarpua  mananjarenaia,  '291 
Cichorium  calvuin,  181 
Cichorium  endivia,  180,  /i*?/ 
Cichorium  inlybua.  181.  182 
Cichorium  pu  mi  hi  in,  181 
Ciaatta  adcnocaulis,  279 
Ciasus  dcbilia,  185 
Ciaaua  dinhlagei.  183 
Ciasus  gnicilis.  IfiB 
Ciaaua  pulinatifida,  183 
Ciasus  product  a.  183.  184 
Cilnilhia  fialutoaua.  430 
Citrullua  lanulus,  185,  i£Z 
Citnillua  lanatua  var.  fiatuloaua,  430 
Citrullua  iiaudiiiianua,  iM 
Citnillua  vulgaris,  185 
Claoxylon  hirhii,  298 
Claoxylon  mercurialia,  383 
Cleome  allamanii,  I9fi 
Cleome  ciliata,  197 
Cleome gynandra.  191.  /-^g 
Cleome  hirta.  1  fl-*^ 
Cleome  iberidella,  198 
Cleome  icoaandixi,  198 
Cleome  maculata,  19fl 
Cleome  monophylla.  196 
Cleome  peniaphylla,  191 
Cleome  rutidoaperma.  1 97 
Cleome  achimperi,  198 
Cleome  viacoaa.  198.  /■9.9 
Cnidoacohia  arnniiifoliiis,  2SiSL 
Cnidoacohia  chayamanaa,  201 
Cnidoacohia  napaeifolina,  200 
Cocci  Ilia  abyasinica,  203 
Coccinia  adoenais,  2JH 
Coccinia  grandia.  202,  M2 
Coccinia  quinqueloha,  202 
Coccinia  rehmannii,  204 
Coccinia  aeaailifolia.  2fl5. 
Coccin  ia  trilnbala,  204 
Coleua  dysentericus,  508 
Coleus  mtundifolius.  iiilii 


Colocaaia  antiquonim,  20fi 
Colocasia  eacu  len  ta,  206  i^Q.g 
Colocynlhia  citnillua,  185 
Colocynthia  naiidianus,  M. 
Colophosperiniiin  mopane.  330 
Coiniiwlina  africana,  21 1 
Coinmelino  heiighalenais,  212. 
Coin  met  inn  difftiaa,  213 
Coinnit'lina  iinberbia,  213 
Coinnielina  lati folia,  213 
Coininclina  pyri  hobh'pharis,  212 
Coinnwlina  zainbe.iica,  213 
Commiphora  i-oatmta,  214 
Conrolrithia  farinosiia.  21A 
Convolviihia  mnlabaHcua,  31 1 
Corallocarpua  baineaii,  ZlA 
Coral  loco  rpu  a  poiaaonii.  215 
Corallocarpua  apJiaerocarpua.  215 
Corallocarpua  u  clii  itachii,  21(> 
Corchonia  aeatuana,  219.  222 
Corcliorus  asplenifotiua.  216,  -2/7 
Corchorua  capaulari-a,  218.  317.  322. 
Corchorua  confusus,  217 
Corchorua  faacicularia,  219 
Corchorua  olitoriua.  21L219.  322 
Corchorua  t  rid  en  a,  221^  222. 
Corclionia  trilocularia.  223  .g.gj 
Coatua  afer, 

Coatua  lucanusianua,  225 
Coatua  phyllocephalus,  225. 
Coatua  apeetabilia,  225 
Crassocephalum  biafrae,  4fi9 
Crasaocephatum  crepidioidea,  226. 
Crassocepholum  nibena,  22fi. 
Craaaocephaliini  aaivobaaia,  228.  229 
Creaceniia  cujete,  355 
Crotalaria  anthyllopaia,  230,  2M 
Crotalaria  brevifiens,  223. 
Crotalaria  cannabina,  222. 
Crotalaria  cephalotea,  230,  234 
Crotalaria  cleomi folia,  230.  2M 
Crotalaria  florida,  230 
Crotalaria  intermedia,  229,  232 
Crotalaria  nalalitia,  231 
Crotalaria  ochroleuca,  2^2^232 
Crotalaria  senegalenaia,  230.  234 
Cryptolluma  ediilia.  163,  IfiA 
Ciicumeropaia  inannii,  235, 
Ciicumia  acutanguhia,  370 
Ciiciimia  africanua,  232 
Cucumia  angaria.  288. 
Cucumia  hai-divickii,  253 
C»  cH  Hj  i'.'?  /i  j'rs*/  /// j(.  242 
Cucumia  hookeri,  237 
Cucumia  hysln\\\  258 
Cucumia  lepiodermia,  252 
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Ciicumis  longipes.  2.'^fl 
Cucu  mis  III  el o.  107.  243,  2M 
Ciicumis  iiieliiliferiia,  248.  2A3. 
Cucniin's  myriocarpiis,  252 
Cucumis  uaudiiiiaiius.  M 
Cucumis  prophetaruin  subsp.  zeyheri,  25£1. 
Cucumis  salivus,  253^2^ 
Cucumis  zeyheri,  25Si 
Cucurbit  a  andrenna,         264.  2£i5. 
Cucurhitn  fici folia.  257.  259.  ^g/.  212. 
CucurbiUi  liispida,  107 
Cucurbita  lafjeiiaria,  ■'^.'^3 
CucurbiUi  luiideUiaiia,  272 
Cucurbita  maxima,  109.  257.  263.  ^g-/.  272. 
211 

Cucurbita  mi'lanosperina,  2n9 
Cucurbita  mixta,  272 

Cucurbita  moschata.  109.  257.  267.  2£3,211 

Cucurbita  pepo,  107.  212.273.  ^ 

Cucurbita  pepo  vnr.  moscliata,  2fi7 

Cucurbita  sicciaria.  ;153 

(^yaiiiopsis  tetnigonoloba.  4fi1 

Cyclaiithera  biachystachya,  2Ifi. 

Cyclantlwra  expluJens,  278 

Cyclaiithera  pedata,  277 

Cyiiaiu'huiii  africaiiuiii.  278 

Cyiianehuin  brvi  idens,  278 

Cyiianchum  deu  evrei.  278 

Cyiiaiichuiii  ellipticuin,  278 

Cyiianchum  lanceolatum.  2B1 

Cyiianchum  laiicifolium,  3f>7 

Cyiianchum  schistoglossum,  21fi 

Cyiianchum  vagum,  278 

Cyphosteiuina  adeiiocaule,  279 

Cyrtosperma  seiiegalense,  359 

Daucus  capillifolius,  281 

Daucus  carota.  280.  i?^/ 

Demidovia  tetmgoiiioides,  521 

Diclyosperma  album,  2&5. 

Dictyosperma  aureuin,  285 

Diclyosperma  furfuraceuin,  285 

Digera  alterni folia.  28fi 

Digera  angusfifolia,  28fi 

Digera  arvensis,  2M 

Digera  miiricata,  2fifi. 

Dinophoin  spenneroides,  287 

Dioscorea  abyssiiiica,  288 

Dioscorea  biirkilliaiia,  288 

Dioscorea  cayeiiensis,  288 

Dioscoiva  cayeiu'iisis  vnr.  praehensilis,  287 

Dioscorea  praeheiisilis,  287 

Diplaziuin  accedons.  288 

Diplazium  esculciitum,  2BB. 

Diplazium  proliferuiii,  2fifi. 

Diplocyclos  pal  mat  us,  2fiS 

Disperma  crenatiim,  290 


Disperma  parriflorum,  290 
Dolirhos  lablah,  M2. 
Dolirhos  sesquipedalis,  552 
Duosperma  creiiatum.  221L 
Dypsis  baronii.  290 
Dypsis  basilonga,  290 
Dypsis  maiianjareiisis,  291 
Dypsis  oreophila,  290 
Dypsis  piliilifera,  291 
Dypsis  prestoniana,  291 
Dypsis  tsaralanaiieiisis,  291 
Dypsis  tsararoasim,  291 
Edithcolea  graiidis.  232. 
Kdithcolen  .sordida,  2£i2 
Eichhornia  cras.sipes.  4f?0 
Elalostema  trinervis,  539 
Emilia  coccinea,  292.  2iiii 
£//»  f/ 1  a  /7(/  «i  //I  t'a .  293 
Emilia  jaraiiica,  293 
Emilia  lisou  shitiiia,  2t)3 
Emilia  praelermissa.  293.  294 
Emilia  preiianlhoidea,  293,  294 
Emilia  sagittata.  222 
Emj/ia  son  chi folia.  293.  221 
Eixigrostis  tef  165 
Eruca  sativa,  294 
Emca  sativa  subsp.  sativa,  29f> 
Emca  vesicaria.  294 
Emcastium  aixibicuin.  297 
Erythrococca  africana,  299 
Eiythroeocca  alrovirens,  299 
Erythrococca  bongensia,  298 
Erythrococca  chevalieri,  299 
Erythrococca  hirkii,  2S& 
Erythrococca  menyharthii,  299 
Erythrococca  mitis,  298 
Erythrococca  u  elwitschiana,  2SS 
Euterpe  oleixicea.  ill 
Fleurya  ovalifolia.  3.59 
Fleu  rya  podocarpa.  '.''>'.) 
Galiiisoga  ciliata,  299 
Galiiisoga  parvi flora,  2il2. 
Galiiisoga  quadriradiala,  299 
Galiiisoga  urlicifolia,  299 
Germanea  rotundifolia,  508 
Gisehia  coiigesta,  300 
Gisekia  diffusa.  301 
Gisehia  linearifolia,  300 
Gisehia  phariiaceoides,  300 
Gisehia  rubella,  300 
Gnelum  africaiiiim,  301  .^Qg 
Gnetiim  hiichholzianum,  304. 
Gongronema  aiigolviise,  307 
Gongmiiema  lati folium,  308 
Grumilea  stolzii,  438 
G  rum  ilea  uiigoiiieiisis,  438 
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Guizntia  ahyssiiiica,  308.  3QR 

Giiizolia  scahra,  308 

Giiizotia  schimperi,  .^OH 

Gynntanlhfiinnin  amy^Halmum,  f>4a 

Gymnosporia  btixi folia.  380 

Gynnndrap.sL'!  gyiiaiicira,  191 

GynnndropsU  penlaphylla,  191 

Gyniira  bicolor,  '.\  1  ( ) 

Gyim  rn  cernua,  ^'^H 

Gynura  crepidinides,  ^^fi 

Gyimra  miiiiala,  HOi) 

Gyntira  pseiidochinn,  311ft 

Halosarcia  indica,  310 

f/f j(/  ;/i  f /;<  iastni  in  cm'ni  lei:  in . 

Jlnumaninstnim  lilaciniim,  310 

Haiiniaiiiaslnini  quarrei,  310 

Hcdyotis  pmfriiidra,  412 

Hewitt ia  niahibariea.  311 

Heu  ittiu  scandi'iis,  31 1 

Hcivitlia  stiblohala,  31 1 

Hibiscus  ucelosella.  312. 

Hibiscus  a^pi'i;  312,  31:1 

Hibiscus  calycinus,  315 

Hibiscus  calyphyllus,  SIS 

Hibiscus  canuabiiius.  315,  Slfi^^XS 

Hibiscus  cannabiiius  var.  puiieialus,  314 

Hibiscus  dii  eisifolius,  313.  318.  323,  32& 

Hibiscus  esculentus, 

Hibiscus  mauihot.  21 

Hibiscus  mauihot  var.  caillei,  21 

Hibiscus  mechowii,  313,  315.  323,  a2a 

Hibiscus  mutabilis,  329 

Hibiscus  noldeae.  313.  315.  323  328 

Hibiscus  ovalifoliua.  316 

Hibiscus  radiatus,  314.  M£. 

Hibiscus  rostellatus,  313.  323.  a2a 

Hibiscus  sabdariffa,  287.  312,  321. 

Hibiscus  sabdariffa  subsp.  caunabinus,  316 

Hibiscu  s  sura  t  ten  sis,  312.  326.  i32Z 

Hibiscus  trionuin.  323. 

Hoodia  alslonii.  330 

Hoodia  cu  rrorii.  322. 

Hoodia  flara.  330 

Hoodia  js[ibbosa,  329 

Hoodia  gonion  a,  330 

Hoodia  lii  fiardii,  329 

Hoodia  macraniha.  329 

Hoodia  moil  tana,  329 

Hoodia  officinalis.  330 

Hoodia  pilifci  a,  330 

Hygiophila  crenala,  290 

Iinpafiens  irringii,  331 

Iinpaliens  macroptera,  332 

Iiiipatiens  niamniftmvnsis,  331 

Ipoinoea  acantliocarpa,  336 

Ipomoi'a  aqiialica,  332. 


Ipoinoea  batatas.  334 
Ipoinoea  eriocarpa,  334.  336 
Ipoinoea  fragilis,  336 
Ipoinoea  hispida,  33fi 
Ipoinoea  inconspicua.  336 
Ipoinoea  obsciiixi.  334,  33fi. 
Ipoinoea  oirariensis,  367 
Ipoinoea  rcptaiis.  332 
Ipoinoea  sessiUPora,  336 
Ipoinoea  t am  iii folia.  338 
Isoiieina  biicliliohii,  337 
Isoneina  iiifundihuliflonim,  337 
Isoneina  smeathinuniiii,  337 
Jaequemontia  rnpitata.  338 
Jacqiiemontia  lamiiifolin,  33fi 
Jatropha  acunitifolia,  200 
datropha  naparifolia,  200 
Jussiuea  abyssin  ica.  369 
Jussiava  electa,  369 
Justicia  flara.  333 
•Justicia  heterucurpa,  341 
Justicia  insularis,  340 
Justicia  ladaiioides,  340.  jjjfl 
Justicia  opaca,  103 
Justicia  scliiinperi.  340 
Justicia  striata,  341 
Justicia  suaveoleiis,  3.38 
Justicia  sulcata,  338 
Kedrostis  abdallai,  342 
Kedrostis  hirtella,  M2 
Kedrostis  leloja.  342 
Kedrostis  pseudogijef,  342. 
Lablab  niger.  343 
Lablab  purpu  reus,  34Sj^3dA 
Lablab  vulgaris.  343 
Lactuca  capensis,  348 
Lactuca  indica,  348 
Lactuca  inermis.  348 
Lactuca  saliva,  318.  349.  ^SiiQ 
Lactuca  schulzeana,  348 
Lactuca  schu  einfurthii,  348 
Lactuca  serriola,  349 
Lactuca  tainxaci folia,  3(i2 
Lagenaria  leucantha,  353 
Lagenaria  siceraria.  108,  109,  353, 
Lagenaria  .sphaerica.  333. 
Lagenaria  vulgaris,  3.53 
Lapoiiea  aestiians,  359 
Laportea  ovalifolia.  33S. 
Lasiantheni  africana.  302,  305 
Lasimorpha  afzelii,  3.5i) 
Losimorplia  senegalmsis.  3.59 
Laiiiiaea  cornula,  3fifl 
Laiiiiaea  in  tybacea,  361,  3ti2. 
Lattnaea  taraxaci folia.  3fi2>  .^f?.? 
Letiiuropisiiin  ediile.  3fi4. 
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Lepidium  sativum,  364.  j3!£fi 
Lepislemon  africanum,  3B7 
Lppi.Hlvinou  onarimse,  367 
Lepiadenia  arborea.  ■'^fiH 
Lepladenia  haslafo,  367 
Lepiadenia  land  folia,  'MM 
Lepiadenia  pyrotechnica, 
Lepladenia  reliciilala, 
Loinaria  lemiifolia,  fil n 
Lomariopsis  tenuifolia.  i^lfi 
Liidii  igia  ahyssinica,  33S. 
Ludirifiia  adscendens,  'A(^i) 
Ludu  igia  erecki.  Sfifl 
Luffa  acutangula,  370^311 
Luffa  aegyptiaca,  .^70 
Luffa  cyliudrica,  MO,  :ni 
Lycopersicon  chilen.se,  H7fi 
Lycopersicoii  esculenlum.  STS^JU. 
Lycopersicon  lycopersicuni,  -Mil 
Lycopersicon  pem  vianum,  .'^75 
Marsdenia  angolensis.  307 
Marsdeniu gondarensis,  307 
Marsilea  ni inula,  379 
Marsilea  quadrifolia,  380 
Marsilea  senegalensis.  379 
Maylenus  hetei-ophylla.  380 
Medinilla  inirubili^,  381 
Melochia  cotrhori folia.  382, 
Melochia  ntelissifotia,  383 
Melochia  pyramidata,  3fi2 
Melochia  lonientosa,  382 
Mercurialis  alterni folia,  383 
Micrococca  inefvurialis.  383 
Momordica  balsamina,  384,  3S2 
Momordica  charanlia,  385,  385, 
Momordica  cochinchinensis.  389 
Momordica  foelida,  387. 
Momordica  lanala,  185 
Momordica  rosltnla,  387.  aifll 
Momordica  Ihollonii,  38.1 
Moringa  con  can  en  sis,  391 
Moringa  drouhardii.  397 
Moringa  hildehrandlii,  397 
Moringa  oleifein.  392. 
Moringa  ovalifolia,  397 
Moringa  peregrina.  393,  394.  325 
Moringa  plerygosperma,  322 
Moringa  slenopelala,  393^395,  .9.97 
Mionia  glandulifera,  404 
Myrianlhentum  mirabile,  381 
Myrinnlhiis  arboreus,  399,  -Jfl/? 
Myrianthus  holslii.  400 
Myrianlhus  libericua,  400 
Myrianlhiis  serraliis,  400 
NasluHium  huniifusu  m,  449 
Naslurliuni  microphylla.  402 


Nnslurtium  officinale.  401,  -/^g 
Neodypsis  baronii,  290 
Nephtytis  piclurata,  1 77 
Nidorella  microcephala.  404 
Nidorella  resedifolia,  10  I 

Nidorella  resedifolia  subsp.  mirrocephala,  404 

Oldenlandia  macrophylla,  4 1  '2 

Oldenlandia  penlandra,  412 

Ophioglossum  cosfaliiin,  404 

Ophioglossum  grande,  404 

Ophioglossum  ovaluin,  404 

Ophioglossum  reliculatum,  404,  4^.^ 

Ophioglossum  rutgalum,  404 

Ophioglossum  vulgalum  var.  reliculatum,  404 

Orlhanthera  brou  niana,  405 

Orthanlhera  jasmini flora,  405 

Oxygonum  acelosella,  40fi 

Oxygonum  alaiuni.  406 

Oxygonitni  atriplici folium,  406 

Oxygonum  atriplicifolium  var.  sinualum,  407 

Oxygonum  fagopyroides,  40fi 

Oxygonum  salici folium.  407 

Oxygonum  sinualum.  407 

Oxygonum  somalense,  406 

Paslinaca  saliva.  408 

Pedaliuin  murex.  409 

Pentanisia  crassifolia.  410 

Pentanisia  schu  einfurthii,  410 

Pentanisia  variabilis,  410 

Pentarrhinum  abyssinicum ,  \  1  1 

Pentarrhinum  insipidum,  411 

Pentodon  pentandrus,  412 

Pey^o  fici folia,  '^59 

Peri  pi  oca  nigresceua.  301 

Persicaria  attenuala,  412 

Persicaria  decipiens,  i  13.  -113. 

Persicaria  glabixi,  415 

Persicaria  salici  folia,  413 

Persicaria  senegalensis,  414 

Pelroselinum  crispum,  HQ 

Phaseolus  acutifolius,  419 

Phaseolus  coccineus.  <  19 

Phaseolus  vulgaris,  415,  4/g 

Piaum  aalivum,  419.  4g/ 

Pleclranlhus  esculenlus,  509 

Pleclranlhus  rotundifolius,  508 

Pleclranlhus  lernatus,  508 

Polygonum  allenualuni,  412 

Polygonum  decipiens,  413 

Polygonum  herniarioidea,  425 

Polygonu  m  plebeium.  :^2h 

Polygonum  pulchmm,  412 

Polygonum  roxbu rghii,  425 

Polygonum  saliri folium,  413 

Polygonum  senegalense,  414 

Polygonum  serrii latum,  4 1 3 
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Polygonum  tninentosuw ,  412 
Portulaca  oleracea,  426.  127 
Portu  laca  pilosa,  4*2S) 
Portulaca  porta lacastni  tn.  4fiR 
Portulaca  quadrifida,  429 
Pouzolzia  aby.ssinica,  4.'W 
Pouzolzia  deu  evrei,  430 
Pouzolzia  goliiiigetisis, 
Pouzolzia  guiucfn.Hi.'i,  430 
Praecitnillus  fislulosus.  430  -/■?/ 
Psophocarpus  graiidiflonts,  4'A4. 
Psophocarpus  loiififfpedunculatus,  41^.'^ 
Psopliocarpus  palustris,  433,  434,  iLM 
Psophocarpus  scandcns,  4A3^  ^3-/,  4:^fi 
Psophocarpus  ieiragonolobus,  434.  435. 
Psychol ria  (•iniiiiana,  438 
Psychol ria  ipecacuanha,  43ft 
Psychotria  leptophyUa.  439 
Pleridiuin  aquilinuui,  439. 
Picridiunt  cenirali-africanum,  440 
Pferidium  esculeutum,  439 
Pi  oris  aquiliita,  439 
Pteris  escu tenia.  439 
Pteria  lanuginosa,  439 
Pterocarpus  inildbraedii.  441 
Plerocarpus  osun.  442 
Pterocarpus  santanalioidea,  442 
Plemcarpus  soyauxii.  442 
Ptei-ocypsela  indica,  348 
Raphanus  mphanistrum.  142.  4  11 
Rophanus  salivus,  297, 111,111 
Ravenea  albicans,  448 
Rarenea  dixjiisfieldii,  44fi 
Ravenea  robustior,  446 
Ravenea  sanibijrjnensis,  44f» 
Reseda  abyssinica,  Ifi.'^ 
Rlielitophyllum  congense,  1 77 
RheUtophyllum  mitnbile,  1 77 
Rheum  ^cultonim.  44fi 
Rheum  >^hybricium,  AA&^JJZ 
Rheum  rhabarbannn,  446.  447 
Ricinocarpus  bipartilus.  22 
Rorippa  humifiisa.  449 
Rorippa  ntadagascariensis.  449 
Rorippa  nastu rl in ni  -aqii alicu ni ,  401 
Rumex  abysainictts,  450 
Rumex  acetosa,  450,  4fi1 
Rumex  bequa^rlii,  4Fi1 
Rumex  nepalensis,  4S1 
Rumex  quarrei,  4.">1 
Rumex  schim peri,  4 BO 
Rumex  sfeudelii.  4rt\ 
Rum  ex  vesicarius,  Ah2. 
Salicoriiia  indica. 
Salicorn  ia  pachyslachya,  4fi2. 
Salicornia  perrieri,  452.  jloB. 


Santolus  valerandi,  453 
Schouu  ia  purpurea.  454 
Schouu'ia  schimperi,  454 
Schouu  ia  Ihebaica.  454 
Scolymus  hispanica,  455 
Scorzonera  hispatiica.  454 
Secamone  floribtinda,  455 
Secamone  phiUyreoides,  455 
Secamone  rariPora.  455 
Secamone  sluhhnannii,  455 
Secamone  it  hytei,  455 
Sechium  coniposilum,  457 
Sechium  edule,  456^  J£Z 
Sechium  lacaco,  457 
Senecio  biafrae,  4(?i) 
Senecio  nt  bens,  '228 
Senna  obtusi folia,  459 
Senna  occidentalis,  4fi0 
Senna  lora,  400 
Sericoslachys  scandens,  4fi1 
Sericoslachys  (omenlosa,  461 
Sesamum  alalum, 
Sesamum  angolense.  463 
Sesamum  an  gusli  folium,  464.  Afiil 
Sesamum  calycinum,  464,  465 
Sesamum  calycinum  var.  angiiati folium,  464 
Sesamum  heudelotii,  175 
Sesamum  indicum,  462.  463,  jgjL  465.  ISfi. 
Sesamum  radiatum,  464.  465,  ^^ff 
Sesamum  triphyllum,  469 
SesHvium  portulaca  strum.  468 
SfH  ap/s ./'» ;» ct'o.  123 
Smilhia  abyssinica,  469 
Smilhia  elliolii,  ASS. 
Smilhia  endyescens.  469 
Solanecio  angtilalus,  470 
Solanecio  biafrae.  469.  -/7/? 
Solanum  aethiopicum,  122.  173,  482,  491.  iflZ 
Solanum  americanum,  477.  /7j?.  183,  Jfl5. 
Solanum  anguivi.  472.  474.  476,  480.  483. 
498 

Solanum  anomalum.  180.  482  498 

Solanum  da.<iyphylluni,  484,  485,  JiiZ 

Solanum  dislichum,  472,  474.  iflQ 

Solantun  eldoretianum,  498.  iHiH 

Solanum  eldoretii,  498,  jiHt 

Solanum  esculenlum,  488 

Solantim  flondentum.  499 

Solanu  m  gilo.  47*2 

Solanum  grossedenlalum,  483 

Solanu  m  guineense,  493 

Solanum  incanum,  472.  487.  jfifi 

Solanum  indicum.  480 

Solanu  m  insanum,  488 

Solanum  luleum,  503 

Solanum  lycopersicum,  373.  SU, 
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Soloiuim  macrncarpon,  484  -f85,  407 
Sohnutn  iiieloiif>ena.  171,  176.  488.  189, 
Solanuin  nieniphyficiim  var.  aby.sainiciini,  48 M 
Solwiuin  nijimin.  177.  479.  493.  495.  498,  501. 
503. 

Solaniiin  nodiponun,  477 

Solan uw  relroflexiim,  483,  494 

Solaimin  scahnnn,  479.  483  493.  ^-9.^  499 

Solaniim  acluiiiianiiianuiii,  498 

Solanum  tarderemotum.  480.  liflfi. 

Solan  urn  ton  inn.  481.  4iLL  498.  501, 

Solnnum  t  iUosiim.  483,  41ilL  503.  ifla 

Solenosteinon  nionostachyiis,  507 

Solenostcinon  ocymoidea,  .')07 

Solfnostenion  rotundifolitis,  508  .'>/?.9 

Son  chits  aspor,  51 1 

Sonrhiis  corntihi.i,  3(^0 

Sonchus  exauriculatus,  3f>0 

Som-hits  oleraveus,  511.  512, 

Sonchua  oleraceti.i  var.  njtper,  51 1 

Sonchus  tavuxaci/otius,  3(>2 

Spihmlhcs  acniella.  iii 

Spilanthes  maurilianus,  3& 

Spilanlhes  oleracea,  2h 

Spinacea  turhestanica,  513 

Spitiacia  oleracea,  513^^11 

Sphtacia  tetrandra,  513 

Stenochlaena  mildbraedii,  515.  alii 

Stenochlaena  paluslris,  51fi 

Stenochlaena  lemii folia,  51 5 

Stylochaeton  hypogeuni .  516 

Styiochiton  barieri.  51(i 

Stylochifon  si  in  His,  5  Ifl 

Talimnn  arnolii,  518 

Talinntn  caff  mm,  517 

Talinum  crispatulum,  518 

Talinum  cunei folium,  519 

Talinum  fntlicosum,  519 

Talinum  panicu latum,  518 

Talinum  patens,  518 

Talinum  portulaci folium,  519 

Talinum  tenuissimum.  518 

Talinum  trianjiulare,  519  .'^.g/ 

Telaiitheia  marilima,  fil 

Telfairia  occidenlalis,  522.  52i 

Telfairia  pedata,  5*24 

Teiragonia  expanaa,  527 

Tetragonin  telmgonioides.  52T^£2£ 

Thoa  afrieana,  301 

77jofi  hitchholziana,  304 

Thunbergia  alata,  530 

Thuiibergia  aurea.  ri30 

Thunbergia  grandi flora,  530 

Thunbergia  land  folia,  52S 

Thunbergia  oblongifolia,  530 


Tragia  mercurialis,  383 

Tmgopogon  porrifolius,  155 

Triantheina  inonogyna,  530 

Trianthema  porta lacast mm,  530 

Trichosanthes  anguina,  532 

Trichosanthes  cucumerina,  389.  532, 

Triplochilon  scleroxylon,  535 

Triplochiton  zambesiacus,  aia. 

Trill mfetta  annua,  535  ^.^g 

Triumfetta  cordifolia,  53fi 

Triuni fella  pentandrn,  53fi 

Triumfetta  rhoinhoidea,  53fi 

Tulbaghia  alliacea.  537 

Tiilbaghia  caineronii,  538 

Tulbaghia  leiicantha,  538 

Uragoga  eininiana,  438 

Ureiia  lobata,  317 

L'/vm  baccifera,  538.  539.  Mfl 

Urera  camei-ooneiisis,  539 

Urera  con! i folia,  aSfi. 

Urera  flamigniana,  538 

Urera  gravenreuthii,  538 

Urera  inannii.  538 

Ui-era  oblongifolia,  539 

Urera  obovata.  539 

Uivra  trinervis,  539 

Urtica  dioica,  541 

Urtica  massaica,  540 

Urtica  simensis,  541 

Valerianella  eriocarpa,  549 

Valeriauella  locusta,  10 1.  542 

Valerianella  microcarpa,  542 

Valerianella  oliloria,  542 

\  er/JOHKi  amygdalina,  543.  .a^t^ 

VV/vfOHJO  appendiculata,  545 

V'er/io/i/Vi  cah  oana,  o  16,  547 

Vento/i/o  cinerea,  544 

VVmoHm  coloixita,  544,  547 

VVnio/if'a  bymenolepis.  546  .7/7 

Wnro/J/Vi  leucocalyx.  54); 

VerHo/j/'o  perrottetii,  545 

Wnio/i/a  poskeana.  544 

Vigna  fischeri.  549 

Vit^Hd  lu  teola,  549 

I'j^gHa  niembranacea,  549 

VY^Hfl  radiala.  550 

Vjj?Ha  acsqrM  ipedalis,  552 

\7^/ia  sinensis.  550 

17/2Ma  ungiiicnlata,  550  />A.g 

I  'jj;/ja  l  exillala,  555 

Xanthosoina  sagitti folium,  207.  208 

Zo/vj  ;o  diphylla.  557 

Zornia  glochidiata,  557 
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Abobora,  21A 

Abobora  almiscarada,  267 

Abobora  cameira,  353 

Abobora  chila,  ^■'^O 

Abobora  d'agua,  107 

Abobora  gila, 

Abobora  moscata,  267 

Abobora  serpente,  /i^S 

Abobora -mon  in  a.  263 

Abobora-moranga,  263 

Aboborinha,  27:t 

Abobrinha,  273 

Abyssinian  mustard,  1 19 

Acelga,  iia 

Aehocha,  221 

Adder's  tongue  fern.  404 

African  climbing  fern,  f)  1 5 

African  cress.  449 

African  cucumber,  248.  384, 

African  eggplant,  472,  flM 
African  foetid  cassia,  459 
African  heartvine,  41 1 
African  lettuce, 
African  moringa  tree,  395 
African  nightshade,  493,  iSa 
African  rosemallow,  312 
African  spinach,  SZ-fifi 
African  winged  bean,  433 
Agriao  das  fontes.  IDl 
Agriao  de  agua,  10 1 
Agriao  di  Para,  iiS 
Agriao  mouro,  365 
Ail,  5ii 

/Vipa  nabo.  82. 

Ail  a  grosse  tete,  11 

Aipo  hortonse,  Sii 

/Vlcolcas,  206 

Alfac-e,  Mil 

Alfaco  da  terra,  542 

Alface  de  coelho,  542 

Alfacv  de  conleiro,  542 

.Mfaco  dos  rios,  453 

AJho, 

Alho  bravo,  11 
Alho  ingles,  ill 
Alho  porro,  11 
Alouat.  454 

Amai  ante,  ilL  72.  78.  M 
Amarante  africaine,  20. 
Amarante  blette,  Q2. 
Amarante  epineuse,  fiQ. 


Amarante  sauvagc,  63.  76,  83 
Amarante  sylvestre,  16. 
Amarante  verte,  8S. 
Amaranth,  63.  67.  72,  78.  M 
Amaranto.  63.  67,  72,  76,  78. 

80,  83.  84.  m 
Amaranto  hranco,  167 
Anghive.  484 
Angled  loofah,  32S1 
./Xnnual  sow  thistle,  512 
Anserine  blanche,  1 78 
Arbre  a  pain  indigene,  3f)9 
Arbre  de  mille  ans,  50. 
An)malic  pepper,  154 
Arugula,  2M. 
Ash  gourd.  107 
Asistasia  branca,  100 
Asparagus,  QJi 
Asparagus  bean,  550 
Asparagus  pea,  435 
Asperge,  M 
Asperge  rampante,  91 
Asperge  sauvage,  2^ 
Aubergine,  488 
Aubergine  africaine,  472,  IM. 
Aubergine  ecarlate,  472 
Aubergine  gboma,  48 1 
Aubergine  pois.  501 
Azeda  de  Guine,  321 
Azedas,  312 
Azedinha  brava,  450 
Bacela,  102. 
Balsam  apple,  38  I 
Balsam  pear,  385 
Balsamina  dc  purga,  384 
Balsamina  longa,  385 
Balsamina  pequena,  384 
Bamba,  107,  IDE. 
Baobab,  iili 
Barbel  palm,  20. 
Baselle.  IM 

Bast  ar<l  mu.slard,  191.  lafi 
Batata  aquatica,  332 
Beetroot,  JJil 
Beijo  de  mo^a,  1 13 
Beldroega,  426. 12S. 
Beldroega  da  praia,  468 
Beldroega  grauda.  520 
Beldroega  miuda.  ■")  18 
Bell  pepper.  154 
Bellangere  batarde,  501 
Ben  ailee,  392 


Ben  oil  tree,  222. 
Benghal  dayflower,  212. 
Beringela,  188 
Berinjela  africana,  4H4 
Bertalha,  IM 
Bette  a  carde,  JJil 
Bette-epinard,  1 10 
Betteraba  de  mesa,  1 10 
Betteraba  vermeiha,  1 10 
Bottcrave  potagore,  1 10 
Bett  erave  rouge.  1 10 
Bidao,  ini 
Bident  bipenne,  1 13 
Bident  herisse,  1 14 
Bird  pepper,  154 
Bissap,  321 
Bitter  gourd,  MB. 
Bitter  lettuce, 
Bitter  melon,  385 
Bitter  tomato,  122. 
Bitterleaf  543. 
Black  benniseed,  465 
Black  jack,  ill 
Black  nightshade,  493  498 
Black  oysterplant,  454 
Black  salsify,  454 
Black -eye  bean,  550 
Black-seeded  gourd,  252 
Bladder  dock,  Ihl 
Bladder  hibiscus,  32a 
Bladder  ketmia,  323. 
Bladder  weed.  '22& 
Blue  commelina,  212 
Bok  choi,  Mil 
Bologi,  1B2. 
Bombay  cowpea,  550 
Bonavist  bean.  343 
Bonnet  pepper,  154 
Boroboro  den,  1 71 
Bottle  gourd,  353 
Bracken,  122 
Brackenfern,  439 
Brede  raya,  191 
Brede  chevrette,  Q2. 
Brede  d'.Angola,  103 
Brede  de  Malabar,  67,  72,  84, 
103 

Brede  mafane.  35. 
Brede  malabar.  23. 
Brede  yorouba,  228 
Bredo,'6a  67^  72^  Ifi^  IS.  fiflL 
83.  &A 
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Brodo  femcn,  42fi 
Bringelle,  iM 
Brinj.-il, 

Broad-loavcd  endive,  IfiQ. 

Broccoli,  120. 

Brocoli,  liiii 

Brocoli  chinois,  14fi 

Bromlos,  1  Ai) 

Brookweed,  45.'^ 

Brown  mustard,  ]2rt 

Brown-headed  glasswort,  310 

Brussels  sprouts.  1 

Bulb  onion,  M. 

Bur  c-ucumher,  2:^ft 

Burweed.  ">:^5 

Bush  okra.  217.  22^ 

Bush  pineapple,  .^^99 

Bush  yam.  2B1 

Cabaya,  l\ri'A 

Cabaoeiro,  3f)3 

Cabacevre, 

Cabbage,  13^ 

Cabbage  star,  2QQ 

Cabbage  tree,  025. 

Cabbage  turnip,  144 

Cai  xin,  IM 

Caiota,  ALB. 

Caisim,  IM 

Caisin,  lAQ. 

Calabaceira,  3E 

Calabash  gourd,  353 

C^alabrose,  JiiD. 

Calebasse,  3?>.'^ 

Calobassior  du  Sonogal,  36. 

Canaigre  du  paj's,  451 

Cancon, 

Canhamo  brasileiro,  :^lfi 
Canola,  127 
Cantaloupe.  2J[ii 
Capsicum.  1  •">  I 
Capsicum  pepper,  li>4 
Caralluma  comestible,  lfi3 
Carotte.  mi 
Carpetweed,  fi.'^O 
Carrapicho  agulha,  1 1 3 
Carrapicho  de  agulha,  1 14 
Carrot,  2ML 
Caruru  da  Bahia,  217 
Casse  fetide,  4ri9 
Cat's  whiskers,  191 
Catassol,  Hfi. 
Catjang  cowpea,  fiHO 
Cauliflower,  122. 
Caupi,  550 
Caya  blanc,  121 
Cebolete.  M 


Ccbolinha,  52 

Celeri,  82 

Celeri  a  cotes,  fiii 

Cclcri  a  couper,  82 

Celeri  feuille,  82 

Celeriac,  82 

("eleri-branche.  82 

Celeri-rave,  82 

Celery-,  82 

Celerj'  cabbage,  14fi 

Celosia,  U>7 

Celosie.  107,  171 

Celosie  argentee,  lfi7 

Cenicilla, 

Cenoura.  282 

Ceylon  spinach,  103.  ii22 

Chahiota,  IM 

Cebola.  M 

Chanvre  de  Bombay,  31fi 
Chanvre  de  Guinee,  31  fi 
Chaya,  202 
Chayote,  456 
Chenopode  blanc,  1 78 
Cherry  eggplant,  oQl 
Chickenweed,  i22 
Chickweed,  222 
Chicoree  frisee,  181 
Chicoree  scarole.  180 
Chicoria  e.scarola,  180 
Chicoria  frisada,  181 
Child's  vegetable,  123. 
Chilli.  iM 

Chinense  pepper,  1 54 
Chinese  cabbage.  1 4fi 
Chinese  okra,  322 
Chinese  radish,  442 
Chinese  violet,  100 
Chinese  winter  melon,  107 
Chocho.  ALU 
Chocolate  weed,  382 
Choisum,  lAQ. 
Choi-sum.  IM. 
Chou  a  grosses  cotes,  131 
Chou  brocoli,  1 39 
Chou  cabus,  1 35 
Chou  cavalier,  131 
Chou  c;hinois,  14fi 
Chou  de  Bruxelles,  1A2 
Chou  de  Shanghai,  IM 
Chou  ethiopien,  1 19 
Chou  pomme,  135 
Chou  vert,  132 
Chou  vert  non  pomme,  131 
Chouchou,  456 
Chouchoutte,  ALQ. 
Chou-fleur,  132 


Chou -n  a  vet.  121 
Chou-rave,  144 
Choy  sum,  146 
Choyote, 

Christophine,  156 
Chuchu,  456 
Ciboule,  52 
Citre,  1&5. 
Citron.  ISa 
Citrouille,  222. 
Cleome  gluante.  198 
Cleome  vLsqueuse,  198 
Cobbler's  pegs,  1 14 
Cock's  comb,  167.  IZl 
Cocoyam,  206 

Coentro  de  tchincherrote,  453 
Colcas,  222 
Coleus  potato.  508 
Collard,  132 
Colombro,  353. 
Colza,  121 
Colza  fourrager,  127 
Colza  potager,  127 
Comalenge,  107 
Commeline,  212. 
Commeline,  211,  212 
Commeline  africaine,  211 
Common  bean,  415 
Common  bitterleaf,  543 
Common  gourd,  353 
Common  okra,  25. 
Common  .sowthistle,  512 
Common  spike-thorn,  380 
Concombrc,  253 
Concombre  africain,  385 
Concombre  amer,  385 
Concombre  antillais,  238 
Concombre  balsamite,  384 
Conmmbre  cornu,  248 
Concombre-serpent.  532 
Congo's  crockatoo,  33 1 
Cooking  melon,  185 
Corete.  217  221_223 
Corete  a  trois  dents,  221 
Corete  a  t  rois  logos,  223 
Corete  potagere,  217 
Corete  sauvage.  2 16 
Corkwood,  322 
Cornichao  das  Antillas,  238 
Cornichon,  253. 
Comichon  des  Antilles,  23fi 
Cornsalad,  542 
Cote  de  blette,  112 
Courge,  213 
Courge  bouteille,  353 
Courge  cannelee,  522 
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Courge  circuso.  107 
Course  d'hiver,  263 
Courgo  do  Sinm,  '^fi^ 
Courge  ecarlato,  262 
Courge  musquee,  267 
Courgp  lurban,  '2(VA 
Cl'ourpette,  21A 
CourgeUe  africaine,  3ft 4 
Courgot  to  voluo,  107 
Couve  bmcolo,  139 
Couve  chinesa,  1 46 
Couvo  d  inflorosroncia,  146 
Couve  da  China,  146 
Couve  de  Bruxelas,  143 
Couve  flor.  122 
Couve  pelsai,  1 46 
Couve  rabano,  144 
Couve  repolho.  135 
Cowpea,  ^^^^^) 

Cozida.  52 
Craincrain.  217 
Cranberrj'  hibiscus.  312 
Cream-of-tartar  tree,  20. 
Cresson,  401.  MS. 
Cresson  alenois,  36o 
Cresson  de  fontaine,  401 
Cresson  de  Para,  35 
Cresson  des  jardins.  365 
Cresson  du  Senegal,  449 
Cresson  sauvage,  449 
Cressonnette,  164,  2QL 
Crete  de  coq,  161.111 
Crotalaire.  229.232 
Curolio  ocarlate,  292 
Cucumber,  2f>3 
Cuman<iat  ia,  343 
Cupid  s  paintbrush,  292 
Curly  endive,  181 
Da.  31ii 
Da  ikon,  142 
Daikon,  M2. 
Dalrj'mple  vigna,  fi49 
Dark  egusi,  23r) 
Dasheen,  2Qfi 
Dayflowor.  211 
Dead-rat  tree,  36 
Dewan  hemp,  316 
Deer  pea,  549 
Dessert  watermelon,  185 
Devil  s  fig,  501 
Djakattou,  422 
Dock,  450.  liil 
Dolique,  550 
Dolique  asperge,  550 
Dolique  d'Egjiite,  343. 
Dolique  mongette,  550 


Doucetto,  542 
Drumstick  tree,  322. 
Dwarf  copporloaf  02 
Eagle  fcm,  43a 
Ebolo,  22£ 
Eddoe,  20G 
Edible  caralluma,  163 
Eggplant,  4M 
Egou.si,  235 
Egousi-itoo,  235 
Egusi  melon.  1H5 
Egusi  watermelon,  1H5 
Egusi-itoo,  235 
Egypt  ian  bean,  343 
Eldorets  nightshade,  498 
Elephant  ear,  2Qa 
Elephant  garlic,  41 
Emilie.  222 
Endive,  lEl 
Epmard,  513 
Epmard  d  ete,  527 
Epinard  de  Nouvelle-Zelande, 
527 

Epinard  du  Congo,  fifi 
Epinard  indien,  103 
Epinard  malabar,  S2 
Epinard  piquant,  80. 
Epinard  vert,  88 
Eru.  301.  304 
Eruca,  224 
Erva  da  moda,  299 
Erva  do  bicho,  412 
Erva  moura.  177.  193.  428 
Ervilha,  412 
Ervilha  torta,  412. 
Esc  arole,  im 
Escorcionoira,  454 
Escorzonera,  454 
Espargo  hort  onse,  2S. 
Espinafrc,  5 1 3 
Espinafre  de  Nova  Zelandia, 
527 

Ethiopian  kale,  119,  222 

Ethiopian  mustard,  1 19 

Ethiopian  rape,  1 19 

Ethiopian  rattlebox,  222 

European  cornsalad,  542 

Eyukula,  22S. 

False  roselle.  312,  014 

False  sesame,  1 75 

Fausse  oseille  de  Guinee,  312 

Faux  sesame,  175 

Fava  de  cavalo,  435 

Fava-eontra,  151 

Feijao  chicote,  550 

Feijao  cutelinho,  343 


Feijao  da  China.  550 
Feijao  da  India,  343 
Feijao  de  metro,  550 
Feijao  espargo.  550 
Feijao  frade  alfange,  550 
Feijao  macundi,  550 
Feijao  miudo,  550 
Feijao  padre.  343 
Feto  dos  montes,  439 
Feto  ordinario,  439 
Field  pea,  412 
Figiri,  112 
Fig-leaf  gourd,  259 
Fireweed,  22fj 
Flameflower,  518 
Fleur  d  une  heure,  328 
Floating  stag's  horn,  173 
Flower  of  an  hour,  328 
Fluted  gourd,  ii22 
Fluted  pumpkin,  S22 
Fodder  melon,  185 
Forest  nettle,  540 
Forest  yam,  222 
Fougere  aquatique  flottante, 

m 

Fougere  d'eau,  379 
Fougere  de  Sumatra,  123 
Fougere  des  savanes,  439 
Fougere  grand-aigle,  439 
Fougere-aigle,  432 
Frafra  potato.  508 
French  bean,  1 1 5 
Fringed  spiderflower,  197 
Frisee,  liil 
Fuchwo,  IHQ 
Fuzzy  melon,  107 
Galinsoga  a  potites  flours, 
222 

(Jallant  soldier,  222 
Gambian  spinach,  103 
Garden  beet,  1 10 
Garden  cress,  365 
Garden  egg,  472 
Garden  huckleberry,  493 
Garden  pea,  419 
Garden  purslane,  426 
Garden  rocket,  294 
Garlic,  Sfi. 
Gboma,  4M 
Gboma  eggplant,  484 
Gemsbok  cucumber,  M 
Ghaap,  322 
Gherkin,  253 
Giant  pigweed,  530 
Giant  vine  fern,  515 
Giant  yellow  mulberr>',  399 
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Giraumon,  2fi7 

Igname  de  brousse,  287 

Kohlrabi,  144 

Gisekia,  300 

Igname  snuvage,  287 

Koko,  301,  Mil 

Glnsswort,  310,  45'2 

Imbondeiro.  2ii 

Kongwa,  211,  212 

Glossv  nightshade,  477 

Impatience  bcc-de-perroquet. 

Krinkrin,  217 

Goa  bean,  135 

331 

Kurrat,  H 

Gombo,  2f) 

Impat  ience  d'lrving,  ii3 1 

Labe-labe,  343 

Gombo  comniun,  25. 

Impatience  du  Zaire,  33 1 

Lablab,  343 

Gombo  oupsl-afrirain,  21 

Indian  butter  bean,  343 

Lablab  bean,  343 

(joosoborrj'  cucumber,  252 

Indian  fern,  1  73 

Lady's  finger,  25 

Gooseberry  tourd,  23ft 

Indian  mustard,  123 

Lady's  slipper,  277 

Gourde,  353 

Indian  sorrel.  321 

Laga^'o  t!t)'/inho,  33fi 

Gousi,  235 

Indian  spinach.  f>7,  103 

Lagos  spinach,  lft7 

Grand  arum  du  Senegal,  359 

Inhame  do  Egipto,  20(» 

Laiteron  commun,  512 

Grant!  wounian,  3S)n 

Ivy  gourd,  202 

Laiteron  epineux,  511 

Grasse,  520 

Jagatu  tunga,  472 

Laiteron  maraicher,  512 

Great-headed  garlic,  4 1 

Jamaican  sorrel.  32 1 

Laiteron  piquant.  511 

Green  amaranth.  SS. 

Jambu.  35. 

Laiteron  potager,  512 

Groseille,  321 

Japanese  bunching  onion,  52. 

Laiteron  rude,  511 

Ground  arum,  51fi 

Japanese  jackbean,  151 

Laitue,  349 

Guinea  hemp,  31f> 

Japanese  radish,  442 

Laitue  amere,  380 

Gumbo.  211 

Jew  s  mallow.  217,  221,  223 

Lalo-cammho,  1 75 

(.jumbo  ouest-africain,  2J. 

Jewels  of  Opar.  518 

Lamb's  lettuce.  542 

Ilabanero,  154 

Jilo,  472 

Lamb's  quarters,  1 78 

Hairy  beggarticks,  114 

Jindungu.  1 54 

Lambsquarters,  1 78 

Hairj'  bittercress,  184 

Joseph's  coat,  8A 

Langue  de  serpent,  404 

Hair}'  cluster-vine,  338 

Justicia.  340 

Langue  de  vache,  382 

Hair}'  knotweed,  4  1 2 

Jute  mallow,  2 1 7 

Lastron,  5 12 

Hairy  nightshade,  503 

Jute  potager,  2 1 7 

Lastron  piquant,  5 1 1 

Hair}'pod  cowpea,  54D 

Kabichi,  135 

Leaf  beet,  1 10 

Haradali,  1^3 

Kabichu,  135. 

Leaf  cabbage,  130 

Haricot  aile,  435 

Kafula,  212 

Leaf  celerv'.  89 

Haricot  doHque.  550 

Kale,  130 

Leaf  mustard,  1 23 

Haricot  kilometre.  550 

Knngkong.  3.32 

Leek,  11 

Haricot  sabre.  151 

Kangkung,  332 

Lega^ao  cabecinho,  338 

Haricot  mange-tout,  415 

Karela,  385 

Lcita  ruga,  5 1 2 

Haricot  vert,  415 

Karkade,  321 

I^emon-eyed  rose  mallow,  3 1 5 

Hausa  potato.  508 

Karkadch,  321 

Lettuce,  349 

Headed  cabbage,  1 35 

Karoti,  280 

Liane  a  saucisses,  185 

Hemlock  be^ggar's  licks,  113 

Kenaf,  31fi 

Liane  torchon,  3 70 

Herbe  a  aiguilles,  1  1 3 

Kenaf,  3 1  (i 

Lingua  de  cobra,  404 

Herbe  a  balai,  382 

Ketmie  d'Afrique,  328 

Lingua  de  vaca,  518 

Herbe  a  panier,  535 

Kibosa.  5  3 .5 

Lipupu, 235 

Herbe  aiguille,  1 13.  1 14 

Kichoma  mguu,  1 1 4 

Liseron  d  eau,  332 

Herbe  le  rail,  100 

Kichoma  nguo.  114 

Local  tete,  fili 

Herbe  mouton.  557 

Kichwamangwo,  100 

Ixillipop  climber,  289 

Herbe  onze  heures,  518 

Kikalakasa,  433 

Low  senna,  459 

Herbe  pistai^he,  100 

Kikopwe,  338 

Lufa  riscada.  370 

Herbe  villebague,  114 

Kilembe  cha  mbwana,  292 

Lustrosa  grande,  520 

Herero  cucumber. 

Kmdiri,  407 

Maasai  stinging  nettle,  540 

Hoodia  cactus,  329 

Kindri.  408 

Mabala.  IM 

Horned  cucumber,  24& 

Kmyorwe,  429 

Mache, 

Horned  melon.  248 

Kisegeju.  1f>4 

Machiche,  233. 

Horse  purslane,  530 

Kitunguu,  M 

Machur,  MQ. 

Horseradish  tree,  392 

Kitunguu  saumu,  5fi. 

Macissis,  238 

Hurricane  palm,  285. 

Kiwano,  248 

Madagascar  Palmyra  palm. 

Hyacinth  bean,  343 

Knolkhol  144 
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Madcrc,  2Qa 
Magloire,  £2 
Mais  des  psprits,  HiSa 
Makundo,  550. 
Malabar  gourd,  259 
Malabar  nightshade,  1  i)'.^ 
Mange-tout.  100,  im 
Manioc-  batard,  200. 
Marejoa,  '->Mn  231.  222 
Margose,  384.  2M 
Maria  gombi,  r)18 
Maria  prntinha,  477 
Marsilea, 
Marsilee,  iilS 
Marsilia,  379 

Masc;arene  Islands  cabbage 

palm,  20. 
Mastadi.  123 
Mastru^-o  ordinario,  36/1 
Mauve  des  Juifs,  217 
Maxije,  2ia 
Maxixe.  22&. 
Mbamia,  2S 
Mbilingani,  i&a 
Mbinda,  25. 
Mbiringanya,  488 
Mboga,  267.22a 
Mboga  buterezi.  103 
Mboga  ya  kimasai,  25H 
Mbujni.  35a 
Mbwanda,  151 
Mehachu,  450 
Mchicha,  63.  67,  72.  76,  78. 

80.  83.  84.  M 
Mchumvichumvi,  450 
Mdodoki,  iilil 
Melaneia,  185 
Melao,  2ia 

Meliio  de  Sao  Caet  ano,  :^85 
Melon,  2AA 
Melon  a  pist  ache,  185 
Melon  de  Malabar.  '259 
Melon  nara,  iii 
Melongene,  488 
Melongene-diable,  501 
Merevjile.  IM 
Metulon,  2ia 
Mlljih.  AA2. 
Mfiwi  mafuta, 
Mfungu.  167.111 
Mtuta,  AM 

Mgagani.  191.  195.  197.  I3& 
Mhacha.  2a 
Mharagwe,  415 
Milk  thistle,  M2 
Mirliton.  IM. 


Mjembe.  2flfi. 
Mjimbi,  206  439 
Mkabili,  JILL 
Mkabi-lishemsi,  191 
Mkula,  Mi 
Mkunde.  550 
Mkuu  hafungwa,  3fi 
Mkuu  hapingwa,  iiQ 
Mlangaze,  410 
Mlenda,  175,  217.  jga 
MIenda  mwitu,  464 
Mlenda  wa  sege.  1  75 
Mlendo,  22a 
MIonge.  3112 
Mmumunye.  243,  353 
Mmung'unye,  35:? 
Mnavu.  isL  498.  5Qa 
Mnavu  mchungu,  477 
Mnukia  muuma,  390 
Molambeira,  M. 
Monkey-bread  tree,  M 
Modi.  112 

Morelle  de  Guinee,  493 
Morelle  jaune,  503 
Morelle  noire.  493 
Morelle  noire.  477,  498 
Moringa  ailee,  392 
Mostarda  Indiana,  123 
Mostarda  vermeiha,  12a 
Mother  fern,  2aa 
Mouron  d'eau.  453 
Moutarde  brune.  123 
Moutarde  d'Abyssinie,  1 19 
Mouiarde  de  Chine,  123 
Moutarde  de  Sarepta.  123 
Mouiarde  frisi^e,  123 
Mouzambe,  191 
Mpilipili,  154 
Mpilipili  hoho,  1 51 
Mpopo,  382 
Mpovupovu,  212 
Mpupu,  359.  Mil 
Mriba  wa  ziwa,  332 
Mronge,  222 
Msekeseke.  222. 
Mtango.  243.  263 
Mtango  mungunyana,  243 
Mtikini,  122 
Mtikiti.  IM 
Mtikiti  maji.  IM 
Mtsunga,  322 
Mtunda  nyoka.  391 
Muringueiro.  392 
Musambe,  191.  195,  197.  12a 
Musk  pumpkin,  2fi7 
Muskmelon,  243 


Musky  gourd,  2B1 
Muuj-u,  32 

Mwangani  mgange,  191 

Mwengele,  212 

Mwingasiafu,  151 

Myugwa,  20(> 

Mzunze,  232. 

Nabo,  112. 

Nnbo  amarelo,  1 27 

Nabo  de  Suecia,  127 

Naeaeha,  3 1 6 

Nara,  ai 

Nara  bu.sh,  31 

Nara  melon,  ai 

Native  bryony,  2fi2. 

Navet.  142 

Navet  chinois,  442 

Navy  bean,  415 

Ndole.  iiia.  MQ. 

Neep  crops,  146 

Neverdie.  392 

New  Zealand  spinach,  527 

Ngogwe,  472.  IM 

Nhacandora,  316 

Niebe,  550 

Nigerian  watercress,  449 
Njegere,  419 
Njengere,  419 

Nkoko.  301.  aty. 

Nyanya,  373^  4M 
Nyanya  chungu.  472.  484 
Obscure  morning  glor>'.  336 
Oignon,  H 
Oilseed  rape,  127 
Okra,  2h. 
Okro,  25. 
Oldmaid,  mi 
Onion,  M 
Ophioglosse,  404 
Oriental  water  fern,  173 
Orlie  massaie,  540 
Oaeille  d'.Abyssinie,  450 
Oaeille  de  chimpanze.  106 
Oaeille  de  gorille,  106 
Oseille  de  Guinee,  321 
Oaeille  de  la  brousse,  106 
Oseille  des  Pygmees.  184 
Oseille  indigene,  326 
Oseille  malabare.  326 
Oseille  sango,  450 
Padouk  blanc,  441 
Pak-thoi,  112 
Pakchoi,  112 
Pakchoi,  142 
Pakchoy.  Ufi 
Palmiste  blanc.  2fi5 
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Pnlmistc  bon,  2aS. 
Palmiste  bourre,  3Q. 
Palmiste  de  I'ile  Ronde,2a5 
Palmiste  dcs  bois,  3Q 
Palmiste  des  hauts,  3Q 
Palmiste  epineux,  211 
Palmiste  piquant,  3£i 
Palmiste  rouge,  3Q 
Palmiste  zepines,  3Q 
Panais.  108 
Papon gayo,  MO 
Paprika,  1B4 
Para -cress.  25. 
Paroka,  .^Sn 
Parrot  plant.  331 
Parsnip,  Mi& 
Pastoquc,  185 
Pasteque  a  cuire,  18r> 
PastiHiue  egousi,  IHJi 
Pasteque  fourragcre,  185 
Pastinaga.  408 
Palate  aquatique,  'A^itl 
Patole, 

Pau  fede.  Mi 
Pea  eggplant,  f>t)1 
Pea  pod,  lia 
Pearl  onion,  11 
Pepinela,  4fifi 
Pepino, 

Pepino  das  Antilhas,  238. 

Peppergrass.  Hfio 

Periquito-sessil,  62. 

Pernambuco.  399 

Persian  carpet  flower  292 

Petit  poireau  antillais,  JJ. 

Petit  pois,  nSL 

Petit-pois.  lia 

Petsai,  lifi. 

Pe-tsai,  IM 

Petsai,  IM. 

Picao  branco,  222. 

Picao  preto,  111 

Pigweed,  fi3, 12.  23, 178,  42fi 

Pi  men  t,  1n4 

Piment  antillais,  IM 

Piment  oiseau,  1^4 

Pimenta  de  galinha,  477 

Pimentao.  1 54 

Pimento,  1»4 

Pimento  chines,  154 

Pimento  de  caiena,  154. 

Pimento  do(?e,  154 

Pimentos,  154 

Piri-piri,  1 54 

Piquant  blanc,  2aa 


Piquant  noir,  1 14 
Pistache  marron,  100, 152 
Plate  brush,  501 
Poireau,  11 
Poireau  perpetuel,  11 
Poiree  a  carde,  1 10 
Poiree  a  coupcr,  1 10 
Pois,  Uii 

Pois  aile  africain,  4:^3 

Pois  antaque,  343 

Pois  bouc^oussou,  343 

Pois  carre,  435 

Pois  gourmand,  419 

Pois  mange-tout,  419 

Pois  quenique,  392 

Pois  sabre,  151 

Pois  sabre  rouge,  151 

Pois  sec,  419 

Pois  yeux  noirs.  550 

Poivre  de  Cayenne,  154 

Poivron,  154 

Pombo.  3fi2 

Pomme  de  terre  de 

Madagascar,  508 
Pomme  de  terre  du  Soudan, 

508 
Potiron.  2fia 
Pourpier.  426. 122 
Poui-pier  courant,  530 
Pourpier  de  mer,  IfiB. 
Pourpier  maritime,  468 
Pourpier  potager,  42R 
Pourpier  tropical,  520 
Preser\'ing  melon,  185 
Prickly  amaranth,  fill 
Prickly  paddy  cucumber,  252 
Prickly  sow  thistle,  51 1 
Prince  s  feather,  IE. 
Princress  palm,  285 
Prostrate  amaranth,  ifi 
Pumpkm,  263.  267.  223. 
Purple  amaranth,  63. 
Purslane.  426 
Quail  grass,  167 
Quiabeiro.  25 
Quiabeiro  azedo,  321 
Quiabo  de  metro,  532 
Quickweed,  222 
Rabanete  chines,  442 
Rabano,  Ml 
Rabao,  112 
Rabarbaro,  447 
Radis,  112 
Radish,  112 
Rape  kale,  121 
Rattle  pea,  222 


Rattlebox.  232 
Rattlepod.  229.  231,  232 
Rave,  ll£i 

Red  cockies  beak,  331 
Red  gherkin,  225. 
Red  palm,  32 
Red  thistle,  222 
Redflower  ragleaf,  226 
Red-fruited  nightshade,  503 
Red-leaved  hibiscus,  312 
Redweed,  3il2 
Renouee  a  fcuillcs  de  saulc, 

iia 

Rhodesian  forget-me-not,  410 

Rhubarb,  llii 

Rhubarbe,  llE 

Ribbed  gourd,  32Q 

Ridged  gourd,  370 

Rocket  salad,  221 

Ronier  de  Madagascar,  1 18 

Roquette,  221 

Roselle.  321 

Roselle  sauvage,  314 

Rosj'  dock,  452 

Rough  sow  thistle,  51 1 

Round  melon,  430 

Rucola,  221 

Riicola,  221 

Ruho,  202 

Ruibarbo,  112 

Rutabaga,  127 

Rutabaga,  121 

Saladi,  312 

Salicome,  452 

Salicome  indicnne,  310 

Salsao,  aO 

Salsifis.  151 

Salsifis  noir,  454 

Salt  of  the  torioise.  106 

Samphire.  452,  4(;8 

Scarlet  eggplant,  472 

Scarlel-fiTjited  gourd,  202 

Scarole,  IM 

Scoraonere,  454 

Smrzonera,  454 

Scratchbush,  539 

Seaside  purslane,  468 

Sene,  152 

Serpent  vegetal,  532 
Serralha  aspera.  51 1 
Serraiha  branca,  512 
Serralha  espinhosa.  51 1 
Serralha  macia,  512 
Serralha  preta,  51 1 
Sesame  de  gazelle,  162 
Sesame  of  the  gazelle.  462 
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Sosamum,  462 
Sessile  joyweed,  Q2. 
Shrub  nllhoa,  H26 
Sicklcpod.  ila£l 
Silk  squash,  370 
Silver  snake  root,  414 
Silver  spinach,  171 
Singie-riowerecl  purslane,  429 
Slender  knol  weed,  4 1 A 
Sienderleaf,  222. 
Slipj)er  gourd,  '277 
Small  knotweed,  4*25 
Smallflower  galinsoga,  299 
Small-leaved  j)urslane,  4*29 
Smooth  sow  thistle,  512 
Snake  gourd,  f>32 
Snake  root,  413 
Snake  tomato.  532 
Snap  bean,  415 
Snap  pea,  419 
Snow  pea,  419 

soko,  mi 

Somu,  Sfi 
Sonnet te,  229,  232 
Somet,  1 14 
Sorrel,  Ml 
Sorrel,  450^ 

Southern  balsam  pear,  384 
Sowpeo,  550 

Spanish  needles.  1  13  1  14 
Spanish  rhubarb,  150 
Spider  flower,  1^1 
Spiderplant,  191.  195.  196. 

197,  Am 
Spinach.  513 
Spinatrh  beet  ,  1 10 
Spindle  pot,  120. 
Spiny  amaranth,  SQ 
Spiny  pigweed,  80. 
Spiny  sowthistle,  51 1 
Split  pea,  112. 
Sprefiding  pigweed,  10 
Sprouting  broccoli,  139 
Squash  melon,  430 
Stalk  c!«>ler>-,  80. 
Striped  cucumber,  2ft9 
Stuffing  cucumber,  277 
Sucumadeira,  543 
Sudan  potato,  508 
Sugar  pea,  1 19 
Sugarcane  palm,  22Q 
Sugarcane  tree,  290 
Sukuma  wiki,  131 
Sumatra  fern,  1 73 
Summer  squash,  273 
Surelle,  450 


Swamp  arum,  359 

Swamp  fern.  173 

Swamp  morning  glorj',  332 

Swamp  .spinach,  332 

Swede,  127 

Sweet  bitterleaf,  54(» 

Sweet  pepper,  154 

Swi.ss  chard,  1 10 

Sword  bean,  151 

Sword  jackbean,  151 

Talinum. 

Tamin  de  cipo.  277 
Tamia  de  comer.  277 
Tango,  253 
Tapis  persan,  222 
Tara,  MA. 
Tara  nut,  301 
Taro,  200 

Tar<}  des  marais,  359 
Tassel  flower,  222 
Ten  o'clock  plant,  i22 
Tetragone  cornue,  527 
Tettu,  Ml 

The  rose  d' Abyssinia,  321 
Thickhead,  22fi 
Thumu,  M 
Tickweed,  iOB. 
Ti-concombre,  2M. 
Tinda,  Am 
Tindola,  202 
Tindori,  202. 
Tomate.  312. 
Tomate  amere,  472 
Tomato,  21A 
Toothache  plant,  3a 
Tossa  jute,  217 
Trailing  hollyhock.  32a 
Trapoeraba,  212. 
Tree  spinach,  200 
Tristes,  Hi 

Tronchuda  cabbage,  130 
Tropical  .African  winged  bean, 

m. 

Tropical  primrose,  100 
Tropical  spider^vo^t,  212 
Turkey  berry,  501 
Turnip,  146 

Turnip-rooted  celery.  82 
Ufuta,  321 
Ufuta  dume,  321 
Ulimi  wa  ngombe,  222 
Vagem,  415 
Vegetable  kenaf,  aifi. 
Vegetable  marrow,  273 
Venice  mallow,  328 
Venus'  bath,  212 


Vcmonie,  543,  546 
Vemonie  commune,  543 
Vemonie  douce,  546 
Vinagreira,  321 
Vine  spinach,  103 
Wandering  Jew,  21 1 
Warrigal  cabbage,  527 
Water  clover,  379 
Water  convolvulus,  332 
Water  pimpernel,  453 
Water  sjiinacih,  332 
Water  sprite,  1 73 
Watercress,  401.  MO. 
Waterleaf,  fi20 
Watermelon,  185 
Watersmart  weed,  412 
Wax  gourd,  107 
Welsh  onion,  52 
West  African  okra,  21 
West  African  okro,  21 
West  African  sorrel,  217 
West  African  watermelon, 
IM 

West  Indian  gherkin,  238 
White  barbel  palm,  255. 
White  goose  foot.  US. 
WTiite  gourd,  JOI 
White  seed  melon,  235. 
White  yam,  281 
White-flowered  gourd.  353 
Wild  amaranth.  63.  76.  83. 
W^ild  a.sparagus,  21 
Wild  bottle  gourd,  35a 
Wild  cucumber,  205^  252. 
Wild  garlic.  531 
Wild  Jew  s  mallow,  216^  22a 
Wild  lettuce,  302. 
Wild  melon.  31 
Wild  mustard,  10& 
Wild  simsim.  404 
Wild  sorrel,  314 
Wild  .sour.  320 
Wild  spinach,  83.  201 
Willow  weed,  113 
Wine-cup,  535 
Wing  bean,  435 
Winged  bean,  435 
Winter  squash,  263  201 
Wire  bush.  382 
Woodland  garlic,  537 
Woolflower,  111 
Worowo,  102 
Yanrin,  362 
Yard-long  bean,  550 
Yellow  barbel  palm,  285 
Yellow  commelina.  211 
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Ycrba  dc  jicoton,  i^fiQ 
Yoruban  bologi,  22S. 
Znmbosi  winr-c"up  tree,  n'Aft 
Zucchini,  22a 
Zulu  round  potato.  508 
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PROTA  in  short 

The  Plant  Resources  of  Tropical  Africa  (PROTA)  projrramme  was  initiated  in  2000 
and  developed  into  an  international  partnership  of  11  institutions  in  11  countries 
during  the  Preparatory  Phase  2000  2003.  Since  1*1  Februaiy  200:3.  PROTA  operates 
as  an  international  foundation  domiciled  in  Wageningen,  Netherlands. 

PKO'IA  is  a  major 'informal ion  brokerage  and  knowifnlge  r(^j)atriati()n'  jirogramme. 
The  objectives  are  to  bring  the  world  literature  on  the  useful  plants  of  Tropical  Af- 
rica, now  accessible  only  to  the  resourceful  happy  few,  into  the  (African)  public  do- 
main, and  contribute  to  greater  awareness  and  sustained  use  of  the  plants,  with  due 
respect  for  traditional  knowledg(>  and  inl<>llec(  ual  property  rights.  PROTA  will  de- 
scribe the  estimated  IlKlii  useful  plants  during  the  Implementation  Phase  2003- 
2012,  The  information  carriers  will  ho  freely  accessible  W  eb  databases 
(www.prota.org).  a  low-price  Handbook  and  CD-Rom  series  featuring  lii  Commodity 
groups,  and  Special  Products  per  commodity  group  for  rural  development,  educa- 
tion, research  and  policy  actors  (all  in  English  and  French). 
PROT\l^  Cereals  and  pulses  PROTA  Hi     .Auxiliary  plants 

PROT.\  2.  X'egctables  (200  I)  PROTA  KL  Fuel  plants 

PROT.\ii:  Dyes  and  tannins  PROTA  11^  Medicinal  plants 

PROTA  ±  Ornamentals  PROTA  12.  Spices  and  condiments 

PROTA  iL  Forages  PROTA  lili  Essential  oils  and  exudates 

PROTA  ii:  Fruits  PROTA  Hi  Vegetable  oils 

PROTXl:  Timbers  PROTA  15i  Stimulants 

PKOT.\iL  (^arbohvdrates  PROTA  liL  Fibn's 


CTA  in  short 

The  Technical  Centre  for  Agricultural  and  Rural  Cooperation  (CTA)  was  established 
in  19cS;}  under  the  Lome  Convention  between  the  ACP  (African.  Caribbean  and  Pa- 
cific) Cirouj)  (tf  States  and  the  European  Union  Member  States.  Since  2000.  it  has 
operated  within  the  fi-amework  of  the  ACP-EC  Cotonou  Agreement, 

CTAs  tasks  are  to  develop  and  provide  senices  that  improve  access  to  information 
for  agricultural  and  rural  development,  and  to  strengthen  the  capacity  of  ACP  coun- 
tries to  produce,  acquire,  exchange  and  utilise  information  in  this  area.  CTA  s  pro- 
grammes are  designed  to:  provide  a  wide  range  of  information  products  and  sendees 
and  enhance  awareness  of  relevant  information  sources:  promote  the  integrated  use 
of  appropriate  communication  channels  and  intensify  cont  acts  and  information  ex- 
change (particularly  intra-ACP);  and  develop  ACP  capacity  to  generate  and  manage 
agricultural  information  and  to  formulate  ICM  strategies,  including  those  relevant 
to  .science  and  technology.  CT.\  s  work  inc()r|)(>rales  new  developments  in  nKMhod- 
ologies  and  cross-cutting  issues  such  as  gender  and  social  capital.  (CTA.  P.O.Box 
iMl^GTOO  AJ  Wageningen,  Netherlands). 


WEST  AFRICA 

CENTRAL  AFRICA 

SOUTHERN  AFRICA 

1.  Cape  Verde 

17.  Sao  Tome  et  Principe 

85.  Malawi 

2.  Mauritania 

18.  Cameroon 

8ft.  Zambia 

3.  Senegal 

19.  Chad 

87.  Angola 

4.  Gambia 

20.  Central  AfHoan  Republic 

88.  Namibia 

5.  Guinea  Bisaaii 

21.  Equatorial  Guinea 

39.  Botswana 

6.  Guinea 

22.  Gabon 

40.  Zimbabwe 

7.  Sierra  Leone 

28.  Congo 

41.  Moaambique 

8.  Liberia 

24.  Democratic  Republic  of  Cdngo 

9.  Coted'lvoire 

25.  Rwanda 

INDIAN  OCEAN 

10.  Mali 

26.  Burundi 

ISLANDS 

11.  Burkina  Faso 

12.  Ghana 

EAST  AFRICA 

42.  CcmioTOB 

13.  Togo 

43.  Mayotte  (Fr) 

14.  Benin 

27.  Sudan 

31.  Somalia 

44.  Madagascar 

15.  Niger 

28.  Eritrea 

32.  Kenya 

45.  Seychelles 

16.  Nigeria 

29.  Ethiopia 

88.  Uganda 

46.  Reunion  (Fr) 

80.  Pjibonti 

84.  Taniania 

47.  Mauritius 

PROTA,  short  for  'Plant  Resources  of  Tropical  Africa',  is  an  international  programme 
focused  on  the  7,000  useful  plants  of  Tropical  Africa.  Its  purpose  is  to  make  availa- 
ble the  wealth  of  dispersed  knowledge  on  these  plant  resources  for  education,  exten- 
sion, research  and  industry  through  Internet  databases,  books,  CD-Roms,  and  deri- 
ved products  such  as  brochures,  leaflets,  and  manuals.  A  thorough  knowledge  of  the 
plant  resources  is  essential  for  arriving  at  ecologically  balanced  and  sustainable 
land-use  systems.  A  large  international  team  of  experts  is  contributing  the  texts  on 
particular  species.  All  species  are  described  according  to  a  standard  format  with 
details  on  uses,  trade,  properties,  botany,  ecology,  agronomy  or  sylviculture,  genetic 
resources,  breeding,  prospects  and  literature.  In  the  printed  series  the  species  are 
grouped  into  commodity  groups.  More  information  on  www.prota.org. 

Vegetables 

PROTA  2  deals  with  the  vegetables  of  Ti  opical  Africa.  PROTA's  database  'SPECIES- 
LIST'  presents  about  880  species  used  as  such,  but  only  350  are  'primary  use'  vege- 
tables qualifying  for  treatment  in  this  volume,  the  other  530  species  have  been 
listed  as  'Vegetables  with  other  primary  use'  and  referred  to  other  Handbook  volu- 
mes. 

The  350  'primary  use'  vegetables  are  described  in  275  reN^ew  articles,  implying  that 
about  75  species  have  no  separate  article  due  to  lack  of  information;  they  are  only 
mentioned  in  the  articles  of  related  species. 
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